Lawrence Berkeley National Laboratory
Recent Work

Title

ANALYSIS OF FIELD PERFORMANCE DATA ON SHELL-AND-TUBE HEAT EXCHANGERS IN
GEOTHERMAL SERVICE

Permalink

https://escholarship.org/uc/item/51916349

Authors

Silvester, L.F.
Doyle, P.T.

Publication Date
1982-03-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/5191634q
https://escholarship.org
http://www.cdlib.org/

LBL-14160

Analysis of Field-Performance
Data on Shell=-and-Tube Heat Exchangers
in Geothermal Service

L. Fo Silvester+ and P. T. Doyle*

+Earth Sciences Division

Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

*Heat Transfer Consultants, Inc.
1714 Linda Drive
P. 0. Box 23525

Pleasant Hill, California 94523

DISCLAIMER

This book was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency theraof, nor any of their employees, makes any
warranty, express of implied, or assumes any legal lisbility or responsibility for the accuracy,

or of any i ion, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights, Reference herein to any specific
commercial product, process, or service by trade name, . Of otherwise, does
not necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government ar any agency thereof.

This work was supported by the Assistant Secretary for Conservation and
Renewable Energy, Office of Renewable Technology, Division of Geothermal
and Hydropower Technologies of the U.S. Department of Energy under Contract

No. DE-AC03-76SF00098.

DISTRIBUTION OF THIS DOCUMEKT IS UNLIMITED

37



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



v

ABSTRACT

Aq;lysis of field performance data from a binary cycle test loop
using geothe?mai béine and a hydrocaibon working fluid is reported.
Results includertest loop éperﬁtiona;iproblepsi ahd shell-and-tube heat
exchanger perfofmahcetfactors such as o&erallrheat ttansfer coefficients,
film coefficients, pinch points, and pressﬁre dréps.

Performance factors are for six primary heaters having brine in the
tubes and hydrocarbon in the shells in counterflow, and for a condenser
having codlihg ﬁapér in fhe’tubes and hydrocarbon in the shell. Working
fluids reported‘aré isobutane, 90/10 isobutané/isopentane, and 80/20
isobutane/isopentahe. Pgrfbrménce factors are for heafing each Qorking
fluid ét supercfitical cdnditions in the vicinity of their critical

pressure and temperature and condensing the same fluid.
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SECTION 1 = INTRODUCTION

A Rankine cycle using a secondary working fluid is ideally suited for
converting the thermal energy of moderate-temperature hydrothermal-geothermal
resources to electric power. A typical cycle configuration employs convent=- .
ional shell—and-tube heat exchangers, a hydrocarbon working fluid, and
supercritical working fluid conditions; yet performance data for such cycle
configurations in actual geothermal service are scarce. - Good performance

data could form a basis for the design of a large pilot or commercial power

plant. Conseguently, a program to. test and verify the performance of

shell-and—tube heat exchangers in geothermal service was initiated.

j The earlier portion of~the program~was a co—operative venture between
the Electric Power Research Institute and the Lawrence Berkeley Laboratory
(LBL). The results of that work are reported elsewhere.1 The latter
part of the program- consists of _three parts: ,Part I is the acquisition of ’
heat exchanger performance data in the form of operating parameters, i.e.,'
temperatures, pressures, flow rates, working fluid composition. pPart 1I1I is
the modeling of the data from Part I. Part 111 is a final report detailing_
the results of Part II and the experimental procedures. This report is the
combination of Parts II and III, and as “such serves as the program's final
report. The results of Part I are reported elsewhere.24?,

To obtain the desired performance data, a. test loop ‘was constructed.

‘The test 1oop was sited at the U. S. Department of Energy s Geothermal Test

Facility (GTF) located at East Mesa in California 5. Imperial valley.
Figure 1= 1 is a photo of the test 1oop layout. U
Previous design studies3 4 had indicated that a working fluid com-

posed of isobutane and isopentane was the most promising for brine resource

temperatures of :350°F.r Conseguently, the test program concentrated on three
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different hydrocarbon coqp9§itiopsA8panning th?”qomposition range of
interest: commercial grade: isobutane, 90/10 mole percent isobutane/
isopentane, and 80/20 mole percent isobutane/isopentane. The program.
further incorporated test conditions (temperatures and pressures) proposed
for a commerical installation. - In effect, the test loop was built to
mimic § 50 MW commerical system, only on a much smaller scale, while

providing useful information on the geothermal binary proceés;

Supercritical'Hydrocarbon Binary Process

- The geothermal-binary*~power cycle involves heat exchange directly
from a liquid geothermal brine to a hydrocarbon workipé fluid. In such a
system, the brine is pumped from a well as .a liquid through a series of
heaters. If the heaters are shell-and-tube heat exchangers, the brine
will usually pass through the tubes heating the hydrocarbon flpid flowing
in the shell side. The hydrocarbon is pumped as a liquid at supercritical
pressure to the cold heater and is heated b§ the brine as it passes through
the heater train. At the exit of the heater traing the hydrécarbon has
been heated beyond its critical temperature and leaves the train as a
supercritical vapor.. . .

. The supercritical vapor drives,a,turboégeperator which{extracts
part of the energy imparted to the fluid by the brine, From the turbine
exit the low pressure vapor is condensed in another shell—and-tubé
exchanger, giving up its latent heat.ﬁpvthe atmosphere through a cooling
tower.,_The_fluid~then,passes;to an accumuiato: vhere the cycle is complete.
The hydrocarbon is recycled, aliowing for the continuous extraction of .
-energy from the brine and.its conversion into,electriqity.
;EE—ESE_Ezotherﬁal'indﬁstry, éi&gedrnankine-cycie processes using a

secondary working fluid are called binary cycles. Since the word binary
is well entrenched in the geothermal literature, we embrace the terminology.
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Unknown Areas in the Geothermal Binary Process - = v g R

Although the binary cycle is coﬁcepﬁually simple, practical problems
surround its implementation. These unknown areas fall into two broad’
catagories: those concerned with the design of the heat exchangers, and a

those concerned with the operation of the binary loop as a whole. =

Primary Heat Exchangers

The unknown area in the design of the heat exchﬁhgers centers on the
factors contributing to the accuracy of the design; i.e., for a set of
conditions, the ability to predict the performance of the heaters within
acceptable limits. The design of the primary heaters for the binary cycle
repreéents a departure from the design of more conventional heat exchangers
because the hydrocarbon is heated from a subcooled liquid to a supercritical
vapor. (The prediction of the tube side (brine) performance is not suspect.
Consequently, when we refer to "performance", we mean as dictated by the
behavior of the hydrocarbon). At the cold end of the train the hydrocarbon
is clearly a liquid whose thermodynamic and transport properties are predict-
able and which change nearly linearly with temperature. The hydrocarbon
propertiés in the liquid region do not change dramatically throughout a :
temperature range and are not significantly dependent upon changes in the
pressure and therefore the pressure drop. The liquid region is where
conventionally accepted methods and correlations for heat transfer and
pressure drop would be expected to apply with an acceptable level of:
accuracy. The current level of accuracy for predicting the surface area
in the liquid region is approximately + 15%.

As the hydrocarbon temperature increases, the hydrocarbon enters
the "near-critical" region. The near-critical region lies above and to

each side of the vapor-liquid dome, and extends out into the supercritical
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region astride the transposed critical line* (TCL).  In the near-critical
region all the properties.used in a heaf transfer eelculaeion, i.e., the
heat cepacity, thermal couductivity; uiscosit§, and'density,mshow ﬁarked
non-linear behavior -as functions of temperature and pressure.

" A practical :consequence is that such design factors as the log-mean-

. temperature~difference can no longer be compute& from an exchanger's
terminal .conditions since the temperature—pressure profile is nonlinear
between the terminal conditions. One must then resort to a stepwise
calculation aloug the exchanger. As a result, special design techniques
are required, and an investigation of the validity of standard correlations
as tested against actual performance is desireable.

The correlations required to properly analyze the heat exchanger
performance include models for the thermodynamic properties of the fluids,
their transport properties, the shell side pressure drop and the shell side
heat trausfer coefficient. In the analysis, each individual model becomes
dependent upon the otherse..; This integrated model then becomes the eorrel-
ation to ‘be tested.
| The dependence of one ‘model on another'oan be .seen when the following
points are considered. ‘For a fixed exchanger geometry and mass flow rate:.

1. The heat transfer coefficlent is a function of the local fluid -
properties.

2. The local fluid properties are a function of the local temperature
and pressure of the fluid.

3. The local temperature and pressure are functions of the amount of
"~ heat. transferrred to-the fluid and the pressure loss up to the
point under consideration. v

FThe transposee critical line is the locus of pointsiin the suﬁercritical
region where the heat capacity is a maximum, - :
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4., - The amount of heat transferred and the pressure loss are a function
of the length traveled along the exchanger.

5. The length traveled along the exchanger is a function of the
* amount of heat transferred, i.e., the heat transfer coefficient.

Thevintent of the program was not to develop specific correlations:
but to select the standard forms of existing correlations forvmodeling the
exchangers and to compare the modeling resﬁlts with the observed performance.

Various parts of the integrated model adopted for this study are-
widely used by designers, the.only exception might be the fluid property
algorithms. ' ‘Therefore, such comparisons provide a measure of the un-.
certainty a des;gner could expect for similar conditions.

The importance of understanding how the hydrocarbon behaves in -the
primary heaters can be viewed from the following prespective: The low
level of fouling expected for candidate sites for geothermal binary power
plants means the greater the effect of the individual film coefficients on
the required surface area. In addition, the film coefficients for the brine
gide will likely be 50 to 100% higher than for the hydrocarbon. Thus, the
film coefficient for the hydrocarbon is the major determining factor in
fixing the required surface area. Therefore, correlations with reliable
predictive ability for the hydrocarbon are important for a successful

design.

Condenser

The other heat exchanger of interest is the éondenser; Tovﬁ;ndle the
hydrocarbon condenser loads envisioned for a commercial size plant requires
a large device. Steam condenser technology is not applicable because the
condensate volume change for the hydrocarbon is far smaller (about 30 to 1

compared to 3,000 to 1) than for steam. The result is a large volume offl

s
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liquid that must be carried out of the tube bundle without flooding the
bundle. 2Also, the condenser and its ability to condense the hydrocarbon at
as low a temperature as possible is a major 1imitihg factor on the overall
power plant performance. Consequently, the test program included a series
of tests to obtain performance data on the condenser that would be useful

in the design of a commercial size unit.

Test Loop

The unknown areas concerning the binary cycle as a whole center on the
fact that a complete binary loop had not heretofore been run in actual
geothermal service, nor one the size of the test loop. Consequently, a
goal was to observe and test the stability of the loop as a whole, partic-
ularly the hydrocarbon flow behavior when the heating was subcritical,
supercritical, and when traversing from subcritical to'supercritical |

conditions. The latter test is important in identifying potential problems

for the startup of a commercial unit.
Another goal was to observe the performance of the other test loop
equipment to help identify potential problem areas in design, reliability,

and control.






SECTION 2 - EXPERIMENTAL

EQUIPMENT

The test loop was installed at the U.S. Department of Energy's Geo-
thermal Test Facility (GTF) locatedbon tﬁeAEast Mesa anomaly outside of |
- Holtville, Imperial cOuﬂtf,“ééiiforhia. vConstruction of the test loop
begin in March 1980 with testing in June 1980 through March 1981.

Brine for the test was provided by the GTF wells Mesa 8-1 and Mesa
6~2. Brine was pumped fram the wells using a Reda downhole pump. Mesa 8-1
provided brine for the early testing, but the well temperatures proved too
low. Consequently, the Reda pump‘was relocated to Mesa 6-2 which provided
brine for the remainder of the testiny} “‘Located approximately 1/2 mile east
of the test pad, Mesa 6-2 delivered brine to the pad at 350 psia at 340 to
345°F, with maximum flow of 220 gpm. 3;ine delivery lines to the pad were
insulated.

A chemical profile of Mesa 6?2’15 reported in Table 2-1. The brine
is typical of East Mesa in that Mesa 6-2 has a low TDS an? a high CO5(g)
content making the brine a Cac03(s) scaler. For this reason, the brine
was pressurized well above iﬁs flashipoiht:from wellhead to final discharge.
Also, brine exiting the test loop was maintained above 150°F to prevent

fouling,

Test LOOE: ”',,:"'f“_'i L ERED v _ LTy ST A

The test loop is ‘shown gchematically in Figure 2-1. The wnit consists
of thrée fluid loops:r 5rine,'hydrocarbon, andkcooling water. The three
loops are interconnected through the primary briné/hydrocarbo# heat exchanger
train and condenser/subcooler train. The heat load is rejected to the atmo-
sphere through a wet cooling tower. The high pressure (heater) portion of the
hydrocarbon loop is separated from the low-pressure (condenser) portion by an

expansion valve in lieu of a turbine.
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Table 2-1.

Chemical Profile of Well Mesa 6-2

PH 6.1 - 5.9

conductivity 6000 - 5000 (u mhos)
TDS 5000 - 4800 (ppm)
Hco; , 560 - 617

co, 0

caa” 2142 - 1778

50, , 156 - 160

silica 269 - 260

+

Na 1700 - 1650
K 150 = 120

it 4

ca™t 16 - 9

Fe . 20.1 = 0.7

B 7

NOTES: BAnalysis preformed April 1977 by LBL at GTF site. Sample
taken at wellhead at unflashed conditions. During test operationms,
TDS fell to =4000 ppm, and CO3(g) concentration increased.

L)
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The primary brine/hydrocarbon heat exchanger train consists of six
exchangers, both sides in series, wifh’briﬁe in the tubes and hydrocarbon
in the shells.'vThe primary heat exchangers are labeled B-1 through B-6 in
Figure 2-2 an&v2-1, Table 2-2 lists the m#in features of the exchangers.
Exchangers B-1 through B-5 are idenfiéal; exchanger B-6 has double-segmented
baffles with all other specificétions as.iisged in Table 2-2.

The final design of the ptimary heatérs was a compromise between
several factors. The hydrocarbon heating range spans 120°F to 320°F. The
brine temperature falls from 340°? to 200 to 150°F. Because the brinelexif
‘temperature is below the hydrocar;on exit ﬁemperature, trying to complete
the heating in a single heater woﬁld rgquire 2 heater of unwieidly size.
Several series connected exchangers were therefore necessary.

Next, to better explore the heat transfer and fluid flow behavior .
of the hydrocarbon required data points along the heating curve. The
simplest solution was series connected exchangers with data stétions
located between exchangers.

Finally, to ensure that the heater performance data couldrbe extra-
polated with some degree of confidence to the:desiqn of units suitable for
a commerical éize power plant, the internal configuration was choosen
so that the heat flux and fluid flo& regimes were typical of proposed
commerical size units. The final design came aboutrafter conversations
with various heat exchanger designers. Six 24 ft. exchangers weréinecessary
to span the 120°F to 320°F working conditions for the hydrocarbon.

Unflashed, pressurized brine enters B-6, B-5, or B-4 depending oﬁ the

operation of the inlet valving. The exchangers B-4 through B-6 span the
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Table 2-2. Primary heat exchanger details.

No. of tubes per exchanger: 62
' No. of passes: 1 shell side, 1 tube side
Tube length: 24 ft , R

Tube size: 3/4 in 0.D., 16 BWG.

Tube Material: carbon steel (SA-214)
Tube pitch: 15/16 in., triangular array
Shell I.D.: 8.625 , .
Baffle spacing: 12 in. .
Baffle cut: horizontal cut segmental baffles,
- 13/16 in. from center line
Area per exchanger: 292 ft2

.Number of exchangers: 6

" Nominal dia. shell side nozzles: 6 in.
- Nominal dia. tube side nozzles: 3 in.
TEMA type E shell '

-Exchangers: - B-1 thru B-5

Flow orientation: 30° :
Baffle cut: 13/16 in. from center line
‘cross flow area: 20.3 sq. in. :
“Net -window area: 11.8 sg. in.

Exchanger: B-6 :
Flow orientation: 60°°
Vertical cut double segmental baffles

Center baffle cut: 2-11/32 in. from center line
- Outer baffles cut: 1-13/32 in. from center line

Crossflow area: 20.3 sq. in.
Outer net window area: 10/6 sq. in.
- Inner net window area: 9.9 sq. in.

w

»
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near-critica1>region. The brine valving connecting these exchangers to
~the brine supply allons,the temperature-pressure profile of the heating
fcurve to be adjusted so that data may be more readily obtained throughout
the near-critical region. Spent brine exits B-1 then flows to the GTF
silencer were it was flashed to the atmosPhere.

Superheated hydrocarbon exits B-G, flows through the pressure-reducing
valve, then enters the condenser.' The condenser is. a two pass unit with
vertical pass lanes and external valving that allows the tube bundle(to be
halved. Table 2-3 lists the main“features of the condenser;and Figure22-3
shows the;condenser/subcoolervassembly. Cooling water for,the condenser/
subcooler waspsuppliedbby’the GTF cooling tower.

Theccondensedlhydrocarbon‘is further cooled by the subcooler to about
120°F, then enters the‘hydroCarbon feed pump, Pri,.where itfis‘pressurized
to supercritical pressure andldischarged into s#i to be heated‘upon passage
to the exit of hés, | ‘ | |

Others features of the‘teStbloop include'a hydrocarbon handling system,
a hydrocarbon filtering loop, and ‘a condenser cooling water recirculation
loop. The hydrocarbon handling system consists of hydrocarbon storage
tanks fitted to allow weighing to determine ‘the amount of hydrocarbon added
or removed from the system, high pressure pumps for adding or withdrawing
hydrocarbon fram the loop while it is operating, and the necessary valving.
Figure 2-4 illustrates the arrangement., ;

The hydrocarbon filtering system consists of an inline filter in a
slip-stream around pump P-1. The systemvcan remove particulates down to
0 5 microns in size.

Thefcondenser recirculation loop allows the cooling water flow through

the condenser to be changed to alter the cooling‘water temperature profile.
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Table 2-3, Condenser details.

No. of tubes: 332 . :
No. of passes: 1 shell side, 1 tube side?
‘Tube length: 24 ft. '
Tube size: 3/4 in 0.D., 14 BWG.

Tube material: carbon steel (SA-214)

Tube pitch: 15/16 in., triangular array
shell I.D.: 22 in, :

Baffles: Supports

agide by side
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All heat exchangers and interconnecting piping were constructed of
carbon steel and were insulated.

The test loop was designed for a thermal heat load of 16 million
BTU/hr.,. or- about 1%-of the thermal load for a 50 MW commerical instal-
lation. : Table 2-4 lists the major design points for the test loop based

upon isobutane as the working fluid.

Instruments:
Performance data on the heat. exchangers consisted of - temperatures,

pressures, flow rates, and the hydrocarbon compOSition.

Temperatures: |

Temperatnres mere recorded from mercury-in—glass thermometers.
Thermometers wereAinserted into carbon steel thermowells having a minimum
of 4 inch penetration depth. Thermowells were located where possible in
regions of turbulent fluid flow, e.g., in elbows with the thermowell bottom
pointing up-stream. Thermometer ranges were selected so that thermometers
did not have to be withdrawn from the wells to be read. The thermometers
‘were further enclosedAin’steel armour. guards having a slit for viewing.
Insulating sleeves were inStalled over the armoured guards. The net effect
was to bring the entire thermometer to a uniform temperature and thereby
reduce the thermometer temperatnre gradient‘to a point where stem corrections

were unnecessary. The thermometers) depending on the range, were graduated

in 0.1°F or 0.2°F increments.

Pressures:
Pressures were recorded on two types of Ashcroft precision gauges.
Cooling water pressures were on individual gauges reading in psig. All

other pressures were read from two Aschroft Digigauges reading in psia.
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Table 2-4. Test Loop Design Points

348°F
150 to 200°F

Brine entrance temperature
exit temperature

120°F at 650 psia
300°F at 600 psia

Hydrocarbon entrance temperature
exit temperature

245 psia

Condenser pressure s
Hydrocarbon temperature H 197°F
Subcooler entrance temperature 196°F

exit temperature 105 to 110°F

Cooling water entrance temperature: ~  90°F

exit temperature : 120°F
Hydrocarbon flow rate: 84,000 lbs/hr
Brine flow rate : 98,300 lbs/hr
Heat load: 16 million BTU/hr

Hydrocarbon working fluid: isobutane
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Digigauges were factory calibrated and had an accuracy of 0.1% (0.1 psia).
The remaining gauges were calibrated with. a dead weight tester and had an
~accuracy .of +1.0 psi..

For the hydrocarbon and brine pressures, the pressure tap points were
fed by individual fluid lines to valved manifolds at a‘central location.
The manifolds were connected to the Digigauges, one gauge for the brine and
one gauge for‘tbe)hydrocarbon; Valringﬁon‘the two gauges allowed them to
be separately set to the prevailing atmospheric oressure. Output siénals
from each Digigauge were fed by separate coaxial cables to a.central _
location where the signals were continuqusly monitored and recorded on a

strip~chart.

Flow Rates}

Volumetric‘flow raéés'wéié neasured‘by orifice plates, a venturi, and
turbine flow meters. lThe brinemflow was measured with a venturi and an
orifice plate, the hydrocarbon flow was measured with an orifice plate and
a turbine flow meter, and the cooling water flows were measured with |
turbine‘flowvneters;'A ’ o |

Orifice'plates were-supélied.witbjfactorQ calibration curves; The
hydrocarbon orifice plate agreed with the turbine flow meter to within 1%.

The brine orifice plate agreed with the venturi to within 1-2%.

A The venturi was built by Flow-Dyne, and factory calibrated by Foxborough.
Flows for the orifice plate and the venturi were indicated by differential
pressure gauges located at each instrument (accuracy was 10 1%).>:? )

The turbine flow meters were built by Flow-Technology. The units
were constructed of stainless steel with ball bearings for the hydrocarbon

meter, and tungsen~carbide bearings for the cooling water meters. The

units employed magnetic pickups. Generated signals were fed by coaxial
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i

cable to a preamplifier, whose output was fed by coaxial cable to a central
location for transcription to digital output in gpm. The hydrocarbon
turbine flow meter output was also continuously monitored and recorded on a

strip-chart.

Hydrocarbon CQmpositionz
The methods of determining the hydrocarbon composition are detailed in

the section on Operations.

Data Stations:

" TPemperatures, pressures, and flow rates were' recorded at various
data stations located throughout the'test loop.

For the primary heaters, data station locations are: temperature of
the tube side and the shell side fluids at the entrance and exit of each
exchanger, shell side pressure at the entrance and exit of eﬁch exchanger,
and tube side preéSure at the entrance, midpoint, and exit of therheat
exchanger train.

For the condenser-subcooler, data stations are temperature and pres-
sure at the entrance and exit of each exchanger for both shell side and
tube side.

Flow rate data stations are: venturi and orifice plate at the pfimary
heat exchanger train exit for the tube side (brine), turbine flow meter and
oiifice plate atrthe primary heaf exchanger train entrancerfor the shell
side (hydroca;bon), and sepa?ate turbine flow meters for the coolipé water
at the entrance to the condenser and the subcooler._ |

AHydrocarbon sampling stations are the entr#nce and exit of the pump

P-1 (hydrocarbon feed pump).
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Data Taking:

Data was recorded by hand. - Data scans covered-all data stations.
Three data takers were-used, one for the primary heaters, one for the
condenser /subcooler, and one.for the pressures -and flow rates.  Data scans
were every fifteen minutes during a test rune. Sir to eight data scans were
taken per test run. - After each data scan, the data was processed by the
on-gite computer. The computed heat balances were used to indicate
whether or not the test data was acceptable. Test data was taken during
.daylight hours.only. During the evening, the test loop was still operated,

-usually at the next test run:conditions or the last completed, test conditions.

OPERATIONS

Aygrocarbon Loop cleaning.

An underlying assumption for the analysis of the heat exchanger and
condenser data was that the shell side (hydrocarbon) fouling resistance
was negilible (i.e., zero). To establish this condition required that the
hydrocarbon loop be throughly cleaned prior to testing, and maintained in a
clean state throughout the testing. This meant the shell side of the tubes

had to be cleaned to a state free of scale, rust, and sludge.

| The heaters and condenser/subcooler arrived at the site in a sorry
condition. Large deposits of iron oxide were discovered in the exchanger
shells. Cleaning of the shells was deferred until after the exchangers
were placed and the interconnecting piping installed. -

The only practical way to clean the shell side was chemically. |
The first attempts at cleaning the shells failed, not because the cleaning
solution was lacking, but because the amount of rust and sludge exceeded

the carry capacity of the cleaning solution. A decision was made to loosen

and remove mechanically as much of the rust and sludge as possible before
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attempting another chemical cleaning. This was accomplished by vibrating
the shell exteriors with a pngumatic hammer while the loop was flushed
with water fed from a high-flow diesel-driven irrigation pump. Finally
the loop was flushed with an emulsifying agent to wash out the last of: the
" sludge. Thus prepared, the loop was chemically cleaned by recirqulatingr
through the loop a 5% HCl solution, with addition of ammonium biflouride to
the HCl-solution followed by further recirculation. After the shell side
was determined to be clean by visual inspection of the shell interiors and
interconnecting piping, the solution was dumped. To prevent the clean
rsurféces from oxidizing, they were treated with ammonium citrate solution
which polishes the surfaces and inhibits oxidization. The loop was given a
final rinse with a dilute inhibitor solution. The loop had been designed
so that those pipe runs that would trap water had low point drains, or
could be removed, flushed, and dried. The solution was drained and the
loop dried by passing oil=free air through the p?imary heat exchanger
shells with hot brine running through the tubes, and dischargin§ the
water-air mixture out the subcooler outlet. After several hours the loop
was "bone-dry" as indicéted by moisture sampling of the exiting air.

The pump pit for the hydrocarbon feed pump, P-1, was similarly cleaned
prior to the testing. The pumé was removed from the pump barrél for this
operation. A dip tube was installed in the pit to aid in ¥emoving any
water or sludge that might accumulate in the pump barrel duiing qperation
of the loop. No water or‘sludge was ever detected.

The resulting cleaﬁ‘and dry system remained as such throughout the
duration of the testing as verified by periodic visual inéﬁeétioné and
analysis of the hydrocarb§n; Figure 2-5 illustrates thé clean condition

of a section of the hydrocarbon loop.
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Tube Side ‘Cleaning:

g

géf gbe tube side of all exchangers,was”cleaned.by hydrolancing whichi
: effectively removed all rust and scale.' The primary heater tubes were
;ilanCed prior to the heater tests. Thevcondenser-subcooler tubes were
lanced prior to the condenser tests. ‘?he'cooling water piping‘was chem-
ically cleaned with HCl to reduce tbe~problem of metaliflakingav All"
chemical cleaning and bydrolancingjwas perfornediby Southnest chemical

Company of Imperial, California.

Hydrocarbon Filtering. i

The chemical cleaning left a thin, fine, gray colored film on the
metal surfaces"-This deposit was swept-up'by the flowing hydrocarbon.r
To prevent the particulate matter from damaging the hydrocarbon turbine
‘ flow meter, or the seals on the hydrocarbon recirculation pump, a filter
system was installed in a slip stream around the recirculation pump.

The filtering‘was effective and eventually discontinued when the one
micron filters showed no visible fouling. This occurred after 200 hours of
running. No pump seal problems, nor any failure of the hydrocarbon turbine

flow meter were experienced.

Hydrocarbon Sampling and Analysis:

‘Hydrocarbon samples were taken on a regular basis and analjzed}forihydro-
carbon composition and water content.b Analysis was performed on site by LBL
personnel the same day of the sampling., ‘Analysis was by gas chromatograph.

Four milliliter (ml) 1iquid samples were taken, then fully flashed to
vapor by discharge into a 300 ml evacuated bomb The bomb was placed in a

thermostat held at 50 * 1°C. Tubing wound with heat tape connected the
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bomb through appropriate valving to the gas-sampling injection-valve of
the chromatograph. Gas samples could thus be injected into the chromato-
graph. for analysis. All tubing, valving and bombs were of stainless steel.
The isobutane and isopentane as received were analyzed and the results
checked against the manufacturer's supplied analysis. The results were in

excellent agreement.

Cooling Water Treatment: -

- Scaling of the condenser/subcooler was a perenhial problem. The
condenser was designed to .operate at high condensing pressures (=245 psia),
and high condensing temperatures (=200°F). Thisrwas done to reduce the
head requirements of the hydroqarbon recirculation pump. Since the higher
condensing pressure means a higher condensing temperature, a smaller con-
denser could be built for the original heat load. However, this resulted
in high tube wall temperatures and concomitantly a larger temperature rise
(=30°F) in the coooling water than is common practice (=10-15°F). These
factors exacerbated the foulihg problem since most chemical treatments are
designed for cooler water temperatures. In addition the makeup water had a
T™DS of 1400. fAS~a result, thé?cooling water treatment was never really
completely brought under‘coptrolaV

The selected treatméntxwas>to maintain the phosphate levels by addi-
tion of phosphinates, and control the pH at 7 By addition of sulfuric

acid. Addition of the latter was controlled by continuous pH monitor/

- controller, and the former by a TDS controller set at 2000 TDS.

.

Instrument Performance:
'No problems arose with the data acquisition instrumentation which

performed faultlessly throughout the tests.
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Performance. of the process -instrumentation was likewise faultless.
Controllers performed’equally well in manual or automatic mode once each . .
controller was properly adjusted. No mechanical aids were required to

trim the controllers.

Operating Plan:

The test plan for obtaining the performance data consisted of a
series of separate runs for the primary heaters and the condenser. These
series of tests were repeated for the three different hydrocarbon fluid
compositions. table 2-5 summarizes the test sequence adopged‘forfthe
primary heaters. The idea was simply to run at a variety of exit conditions
that span the region of commercial interest.

- After completing the heater tests for a given hydrocarbon working
fluid, the condenser tests were run. Table 2-6 summarizes the adopted
condenser test sequence. The idea was to span a variety of tube loading
conditions. The proposed conditions, though generally outside the range = -
of commercial interest, are nﬁnetheless important indicators of performance,
especially as regards condensation of the-hydfocarbon mixtures.

Once the test loop was cleaned and the operation of the equipment
verified, approximately 3450 lbs of isobutane was loaded into the loép
and the testing begun. As with most experiments, mother nature had her
say. Events did not proceed as planned. Table 2-7 lists the significant
events.

Because the GTF at the time of the experiment was hosting other
experiments, and Mesa 6-2 was the only pumped well available, tﬁe test
loop was ailocated ﬁést time ih‘two week blocks. Consequentiy, thektime
lapses in Table 2-7 are either for nonallocated tiﬁe or from a downhole

punp failure, two of which occurred during the test program.



-29-

Table 2-5

Heat Exchanger Test Sequence

Run # sy fEE} P pi= oy
1%+ 100 120 | 600 300 245
2 80 120 600 245
3 60 120 600 245
4 40 120 600 245
5+ 100 120 600 300 245
6+ 100 120 575 300 245
7 80 120 575 B 245
8 60 120 575 245
9 40 120 575 7f‘ | 245

10* 100 120 575 300 245

Ty 100 120 550 300 245

12 1 e 120 | 550 25

13 60 120 550 245

14 a0 120 550 | 5

15* - 100 120 550 300 245

mass flow rate of hydrocarbon

Myge =

Tp-1 = temperature of hydrocarbon entering B-1

Pg.g = pressure of hydrocarbon exiting B-6

Tp-6 = temperature of hydrocarbon exiting B-6

Peond., = pressure of hydrocarbon in the condenser
* = all state-points and flow-rates are the same as in Run 1

= brine flow-rate fixed Runs 1 thru 5 o ‘ :
= ‘brine flow-rate fixed Runs 6 thru 9

+
i _
(not necessarily equal to brine flow rate -in Run 1)
+++ = brine flow~rate fixed Runs 11 thru 14
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Table 2-6

Condenser Tést’Sequence

Mye Tp-1 Pcond,

Run # (s$max) (°F) (psia)
g 100 120 245

2 80 120

3 60 120

4 40 120

5¥ \”i 1001“ 120

6 100 120 180

7 80 120

8 60 120

9 40 120

10* ‘, 100 120

11++4+ 100 120 lowest possible Pgonqg.
12 80 120 " " "
13 60 120 " " "
14 40 120 " " n
15+ 100 120 245

16* 100 120 245 (half bundle)

my. = mass flow rate of hydrocarbon
Tg-1 = temperature of hydrocarbon entering B-1
Pcond, = pressure of hydrocarbon in the condenser
* = all state-points and flow-rates are the same as in Run 1
+ = brine flow-rate fixed Runs 1 thru 4
++ = brine flow-rate fixed Runs 7 thru 9
+H+ =

= brine flow rate fixed Runs 12 thru 14
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Table 2-7

Test Loop Events ‘

4-Aug-80.. System filled with isobutane,

shake~down tests begin
14-0ct=-80 Isobutaqe geatef tésts begin
20-0ct—80‘ Isobuﬁaﬁé héager éésts end, run‘time, ¥1é1 hrsf
22-Oct-éo ‘Leéké in coﬁdgnser)éubcooler
14;N6v-80?7’Isobut§ne coﬁdensef tests beéin
17=Nov=-80 90/10 heater tests begin
21-Nov-80 90210 condehéer tests begih
23-Nov-80  80/20 heater tests begin
| 1-Dec-éo 80/20 condense?xtést begin4

3-=Dec-80 Complete 80/20 testing, run time: 2336 hrs.

21=Mar-81 Start isobutane condenser tests ¢

29-Mar-81 Complete 90/10, and 80/20 condenser tests, run time: =198 hrs.

Total test loop run time during teéting: =715 hrs.



-32-

The testing from 14 October 1980 .through 3 December 1981 proceeded
almost as planned. Close analysis of the condenser data, however, revealed
unexplained deviations in the heat balance.‘ The fluid properties were
initially thought to be at fault, but the real culprit was'Vapor'carry over
into the subcooler caused by vortexing at.the accumulator drain.

The vortexing arose from the éécuﬁulato? beiﬁg undersized, aﬁd the
discharge from the hydfocarbon feed pﬁmp,bypass entering the subcooler |
inlet in such a way as to act as an ejector helping to create and mainﬁéin
the vortex. | |

These problems were corrected by relocating the puﬁp byb&ss to tﬁé
pump inlet and installing a view port in the plpe connectlng the accumulator
to the subcooler. By viewing the on-set of vapor carryover, we could readlly
set the maximum allowable hydrocarbon fluid flow{ i.e., tube loading, for a
given condenser pressure and inlet temperature. These modificationé were
in place for the final condenser tests and all went smoothly.

With the completion of the condenser tests in March 1981, the field

test program concluded.

Unusual Operating Characteristics and Problems:

This section details the problems encountered during the operation

of the test loop. Solutions employed are also discussed.

Leaks:

Before cleaning the hydrocarbon loop, a hydrotest was performed.
The test pressure was held for twenty four hours. This approach was
adopted because the viscosity of the hydrocarbon differed significantly
from that of water, and consequently evidence of a leak took longer to

appear with water than with the hydrocarbon. No leaks were discovered.
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After cleaning, but before the final rinse solution was discarded, the
hydrotest was repeated to insure that the cleaning had not created new
leaks.  None were:found.

After completing the isobutane heater tests, the condenser/subcooler
end plates were removed for hydrolancing. Several leaks were evident.
The heatervends were then removed end the tube sheets cheched. Severel
leaks among the six exchangers were found. All leaks were fixed by heli-arc
welding. They included no leaks in B—1, one in B-2 which required plugging,
three in B—3, one in B—4 two in B-S, and two inAB-6.. Thereafter, leaks in
the primary heaters were not a serious problem.

The condenser and subcooler continued to leak off and on throughout’
vthe course of the testing. By the conclusion of testing, the subcooler
had 43 leaks repaired at the cold end, with two tubes requiring plugs,
and 24 at the hot end with two tubes requiring plugs. The condenser
faired better, requiring six repairs with two plugs in the cold end and
four repairs with no plugs in the return weter'box;-”Without exception, all
leaks in the heaters, condenser,'and'subcoolervwere weld failures at the
tube-sheet/tube joint. Inspection of the weld failures'revealed'gas
pockets and debris in the welds;-”¥:

- The weld failures appear to-be from faulty welds or induced by stress
from thermal cycling. ~ The heaters had shell side bellows to. compensate for
thermal expansion of the tubes and the shell. The bellows worked fautlessly
with no leakage. The condenser and subcooler had no provision for thermal
expansion. During testing, the condenser and subcooler experienced numerous
temperature cycles from ambient to operating conditions which no doubt con-

tributed to the weld failures.
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None of the leaks were of such a maghitude as the effect the data.
The test loop was operated with the hydrocarbon side the highest pressure,

s0 that hydrocarbon leakage was presumed into the brine or cooling water.

Cleaning:‘

As mentioned above, the cleaning.method adopted for the hydrocarbon
1oopvworked quité well and producedvexcellént results. The hydfoiancing‘of
the‘tubes wasreffective, simpié, and quick.

| VThe tube éide {(brine) of the heatersrwas hydrolﬁnced only once, just
prior to the étart of the isobutane teéfs, because visual inspecﬁién of the
tubes indicated little or no foﬁlihg, making recleaning unnecessary. |
| The condenserbtuhes were hydrolanced prior to the start of the isobutane
tests, but not prior to the 90/10 or 80/20 fest runs, because it was felt
the tesis could be completed before serious fouling occurred.r This point

is discussed further in the section on the condenser test results.

subcritical/Supercritical Behavior:

No system problems or imbalances were encountered when heating the
hydrocarbon at subcritical conditions as occurred during the condenser
tests, or when running supercritical, even at 550 psia exit pressure which
is 5% above the critical point of isobutane and 4% above the 80/20 mixture
critical point. No problems were encountered when transferring from either

mode of heating.
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SECTION 3 - TEST RESULTS

TEST RESULTS, HEATERS - .

Hydrocarbon Composition:

Hydrocarbons were from industrial suppliers in commercial grades used
primarily as aerosol propellanég;i Mixéuféé weﬁe médeAat thé test site
by blending_isobutane and isopéntane. The resulting compositions were
cal;ed "nominal” to indicate the mixtures that would result had pure
isobutane and pure isopentane been mixed rather than their commercial
grades. For example, a nop%nél}?ﬂ/ﬁo mixtureAwéé made by mixing 0.9 moles
of commercial grade isqbutaﬁe §ith_0;1 moles of:qﬁmmekcial grade isopentane.

The mixtures were:@adétby,addiné a known weight‘of isopentane to the
isobutane circulating in thé test loop. The resulting mixture was sampled
and analyzed. When the composition did not chaqge with ;ime, the fluid
mixture was assumed to be homogeneous. . Homogeheity‘was usually obtained
within several hours ofiﬁ@troéﬁé#ﬁéﬁW;%.tﬁe isppéﬁﬁéhei;’

The as-received isqypﬁéng:§p§ isopeﬁtane were éné}&zed. The results
agreed within 1% of the manufacturer's supplied analysis. Consequently, the
comﬁercial grade isobutane and isopenténe were used as sﬁandards for the
- mixture analysisf The analysis for the primary heater mixtures aré reported
in Table 3-1. Those for the condenser are reported in the section on the
condenser results. All entries in Table 3-1 are in mole percent. The listed

compositions were used for the heater data analysis. Reﬁorted averages for

the listed compositions are the result of 5 to 6 samples for each test fluid

taken during the course of the testing (usually a daily sampling).

Data Analysis, Heaters:l

As mentioned earlier, the intent of the program was not to develop

new correlations but rather to use widely accepted correlations to predict
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‘Table 3-1

Hydrocarbon Compositions for the Primary Heater Tests.

Commercial Isobutane

Component Mole %
Propane , 0.60
n-Butane .2.56
i-Butane 96.84

Nominal 90/10 Isobutane/Isopentane

Component . .Mole %

Propane 0.54 + 0.00
n-Butane 2,30 + 0.01
“i-Butane 86.97 + 0.19
n-Pentane , 0.48 + 0,01
i-Pentane 9.71 + 0.19

Nominal 80/20 Isobutane/Isopentane

Component Mole %

Propane 0.47 + 0.00
n-Butane 2.00 + 0.02
i-Butane 75.77 + 0.16
n-Pentane 1.02 + 0.04
i=-Pentane 20.74 + 0.16
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the performance of the heat exchangers. Consequently, we now present
the basic equations used in the data reduction without derivation or
apology for their source. A gertain familiariﬁy of the :eader with the
equations is assumed. The nomenclature used in‘the foilowing equations

is listed in Table 3-=2.

pata Reduction -~ Primary He&ters, the Basic Equations:

Heat Transfer:
The analysis of the energy transferred as heat within a heat exchanger
begins with

Q= U-A-A-rm - B (3-1)

where Q is the duty, U'isrthe:overall heat transfer coefficient, A is the
area §erpendicular to the heat flux; and,ATm is tﬁe méén temperature
difference in the direction of the: heat flux.

For a shell-and~tube heat exchanger‘ﬁhe:e the heatvcapacify at constant:
pressure, CP, is constant for both fluids, and:U is a constant, eguation
(3-1) may be rewrittén as |

Q= U*A°LMTD C (3-2)

where LMID is the log-mgan-ﬁempéfatufg—diffgrence,

LMTD = (Ta-Tb)/zn(Ta/Tb) s ’, (3-3)
where for our case,

Ta = TBr,in - THc,out (3-3a)

T, =T (3-3b)

b Br,out- THc,in
The overall heat transfer coefficient»may be treated as a series of

‘ connected thermal resistances, i.e.,
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Table 3-2

NOMENCLATURE

~ Surface area, £t

=~ Heat capacity, Btu/lb,-°F

= Diameter, ft.

= Priction factor, dimensionless

= Acceleration of gravity, £r/sec

- Mass velocity, lhn/hr-ttz

- Heat transfer coefficient, Btu/hr-fti-ep

- Thermal conductivity, Btu/hr-fti-ep

= Tube length, ft

« log mean temperature difference, °F

= Nusselt Number, dinen;iqnleu

= Pressure, lbf/inz '

= Prandtl Number, dimensionless

- Pressure drop, lbg/in?

« Heat load, Btu/hr

- Thermal resistance (individual), hr-ft?-*F/Btu
« Reynolds Number, dimensionless

= Fluid temperature, °F

- Overall heat transfer coefficient, Btu/hr-ft2-ep

= Viscosity, lbs/ft-sec

- Fluid density, lby/fe3

= Sleder-Tate correction

SUBSCRIPTS

= inside and outside areas, respectively

= inside value referred to outside surface area
- measured quantity

= brine

= hydrocarbon

= inlet

= outlet

= tube gide
= cross flow

- long flow

= tube side fouling

= ghell side
= ghell side

= tube interior wall

bulk property and tube wall surface property, respectively
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(3-4)

al-
=2

1
*Teoul t Twall * Fshelr ?t h_

where:

hio is the tube side film coefficient referred to
the outside tube area, .

Yfoul I8 thevfgbg side fouling resistggce,
Tyall 15 the tube wall thermal resistance,
Yehell 1is the shell side fouling‘reéistance, and

ho is the shell side film coefficient referred
to the outside tube area,

Each term in equaiiéﬁ (5;4)>is'coméuted‘froh correlations'ﬁhich are
functions of thevthermodynamic”ahd“ttanSpbftlpropertieS'Of'the fluids,
and the qeometry factgrs"of the exchangers.

The equagiqns,selected to predict the tube side heat transfer coeffi-

cient, hj,, is the familiar Dittus-Boelter equation given as,

Mu = 0.022 Reto'gPro'4¢£ f A (3-5)
where:
Bu, = hy, do/kb*"f;{' RCRE o (3-5a)
“Re, =‘Gt§i/u5 o Lo sl f' o 7 (3-8p)
b m a2 .
G, = mBr/(Ntﬁéi o o o - - (3-5e)
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d = outside tube diameter

d, = inside tubetdiaﬁetefﬁf

k, = thermal conductivity of ﬁhe bulk fluid
u, = viscosit;rof‘fhé—buik‘fluid

u = viscositf 6f>the fiuié at £he tﬁbé wall4
cC = hgat caé;qity of the‘bulk £;uid

m__ = mass flow rate of the brine.

N, = number of tubes iﬂthe’ﬁ;attgfchaéger

- At = cross-sectional area of a single tube

In the absence of extensive data, the fouling resistances rg,,; and
Ychell are specified as constants independent of the fluid temperaturéw
and pressure, and the time.,

- . The tube wall thermal resistance is calculated as

= d° 2n(do/di)/(2 kwa ) (3-6)

Twall 11

where: kwall = the tube wall thermal conductivity

Thé shell side heat transfer coefficient, h,, may be obtained in one of

_ twq ways:

if all the terms of equation (3-4) are known except hy, theﬁ a "measured"
film coefficient, h,,, may be obtained from r |

1 1 1 P
h U~ Tfoul ~ Fwall ~ Fshell " & (3=7)
o,m io

Equation (3-7) allows calculating a value for h,, but says nothing about
the component parts of hye The second method of obtaining hy is from

standard relationships for the shell side flow behavior. The shell side
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flow behavior may be envisioned as some combination of crossflow and -

longflow. Each flow can be characterized by a Dittus-Boelter type equation

with the appropriate definitions. For the cross flow we selected:

0.6 _1/3

Nu_ = 0.33 Re "~ Pr'" ¢_
where:
' Nu, = hd /Ky
Rey = Gxdd/ub
Gx = (percent cross flow)'(Seg)'ch/Ax

A = cross flow area

Seg = segmented baffle factor"

Mo = mass flow of the- hydrocarbon

For the long flow we selected,

0.8_ 0.4
Na, = 0.024 Re, gr "0,

where: Nuz = hl dh/kb

Re, = hy &/k, .
Gy = mg /Ay

A = long flow area

4 = hyd;‘a.ul:_l.'(:_,_«l.i.aﬁue{t_‘er‘,, f_,i

(3-8)

(3-8a)

{3-8b)

(3-8c)

(3-9)

(3-9a)

- (3=-9b)

{3-9¢)

Equations (3-2) through (3~9) cdmprise the basic heat transfer equations:

used for the data reduction of the primary héaf éxchangers.

Pressure Drop:

The fluid's pressure droé is a good indicator of fluid flow behavior

in the heat exchanger. For the tubé'side (brine) we resolved the pressure
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drop into three components: channel nozzle losses, tube entrance “and exit

losses, and the tube friction losses. ‘Each component was calculated

separately:
Nozzles:
(6./3600)2 X - ‘ | (3-10)
sp = N/ N : : o
N 2pg144
where: Ap_ = nozzle pressure loss

k. = nozzle coefficient in number of velocity heads
G, = mBr/AN o B (3-102a)
AN = cross-sectional area of the nozzle

p = fluid density in the nozzle
g = acceleration of gravity

Tube entrance or exit:

(6./3600)2 x ; (3-11)
ap_ = —= = :
E 2pg144
where: APE = pressure loss entering or exiting the tubes
k_ = entrance or exit coefficient in number of

E  velocity heads
Gy = B,/ (Ny A)

p = fluid density of the brine at the tube
entrance or exit

N, = number of tubes

A, = cross—-sectional area of a single tube
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Tube friction losses:

., . i 2
i 4 £, L (G,_/3600) (3-12)
F 2pgd, 144 :

AP
- where: APF = pressure loss fram friction inside the tube

e

the in-tube friction factor

L = tube length

The in-tube friction factor, corrected fdr non-isothermal conditions, is

given by S ’ o i
£ = 0.048 L (3-13)
t 0.2 S
Ret ¢t

For the shell side (hydrocarbon) we resolved the pressure drop into four
components: crossflow, baffle window, longflow, and the nozzle. Each

component was calculated separately:

Nozzle:
2. i ‘
(Gy/3600) ko . (3-14)
APy = T 2pgidd T
where ~ AP_ = nozzle pressure loss = -

k, = nozzle coefficient in number of
velocity heads :

GN = ch/AN

-
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AN = cross-sectional area of the nozzle

p = hydrocarbon density in the nozzle

Crossflow:
4 £ N_(N-+1) (G_/3600)2
AP = nR B x/
x ' 2pg144
where: APx = cross flow pressure loss
fn = cross flow friction factor

N_ = number of tube rows crossed

N_ = number of baffles

The cross flow friction factor was given as*

0.48 B
fo= —DB
R e 0.145¢
xh s
where: . <_S_t> 0.6
®n I
St = tube pitch transverse to the flow

hydraulic diameter

of
il

a = 1.000 for 90° tube layouts

500 for 60° tube layouts

«707 for 45° tube layouts

.867 for 30° tube layouts

*(Private communication, P. T. Doyle)

{(3-15)

(3-16)
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= GV

Baffle window-

ap = ind/36°°) Xyina NB
wind = 2pgidd

where: AP baffle window pressure loss
wind
k- ‘= baffle:-window coefficient
wind

Gwind = Hc/ wind

A = area of the baffle window
. wind ‘

Long flow:
4f L (¢ /3600)2
AP p

2 2pgdh144

where:

AP, = pressure loss from long flow

G£ = ch/Az

Al = long flow area

L = tube length

(3-17)

(3-18)

Equations (3-10) through (3-18) comprise the basic pressure drop equations

used for the data reduction of the primary heat exchangers.

R

The mass flows for the brine and the hydrocarbon were computed ‘from the

algorithms for the respective flow indicators using standard analyses.5

A set of fluid pr0perties are needed in addition to the heat transfer

and pressure drop equations. Because of the low total dissolved solids

(=4000) in the brine, the brine was treated as pure water.

The water
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thermodynamic properties were computed from the Hemholtz free energy

equation of Keenan and Keyes®, and the transport properties from existing

relationships.7'8 The hydrocarbon thermodynamic and transport properties
were computed from a computer code developed‘by tﬁe National Bureau of
Standards and LBL. The computer code is based upon extended corresponding
states,9¢10

The computer codes supplied values for the pressure, enthalpy, thermal
conductivity, and viscosity given the temperature and density. Iterative
calculations were employed when given temperature énd pressure, or pressure
and enthalpy. 211 calculations weie done at the specific input values
(T & P, or P & H), with the exception of the heat capacity whichrwas

computed for a temperature interval as

H(T,) = H(T,) (3-19)

where:

and H is the enthalpy.

Data-ReQuction, Primary Heaters, Assumptions:

| The tube inside diameter used for flow area and thermal resistance
calculations was 0.606 inches, which corresponds to a 15 BWG tube wall
rather than the nominal wall thickness of 0.062 inches for a 16 BWG tube.
We used a 15 BWG tube wall thickness because it more closely represenﬁsr
the actual tube wall thickness because of the minimum wall specification
used for 16 BWG tubes. | .

The specification of velocities on the shell side is dependent upon

definition as there are many areas. The identification of various flow



-47-

streams through the bundle of a shell and tube exchanger has been documented
by various investigators and calculation of these flow streams can become
quite complex. The result of such calculations is the definition of a
fraction of the main fluid stream which passes through some average cross-
sectional area. of the tube bundle and is effective in the heat transfer

process.

For a specific heat exchanger with a fixed geometry, the actual flow
fractions for heat transfer and pressure drop may be incorporated into a
constant derived from the datd. This will hold true over a range of:
conditions where the flow fractions or percentage of fluid through the
bundle remains relatively constant. For these reasons the definition of
flow areas and bundle leakages are somewhat arbitrary for a specific data
set. We sought, therefore, defiﬁitions“that are conSistant with those
accepted within the industry. -

For these tests we assumed that 70 percent of the total shell side flow
passed through a minimnm cross-sectional areasfgfhis.cross-sectional area
is located on a plane perpendicular to the flow at the mid point of the flow
symmetry. For heat exchanger B-1} through B-5,: the plane is at the center
of the tube bundle and the area is the net area between the tubes. For
exchanger B-6 the plane is located halfway between the bundle centerline
and the shell and the area is the net area between tubes. By coincidence,
because of the different baffle;configurations and tube layout orientations
the cross; flow area,for each exchanger is;the same .value, 20.3 sq. in.

. For flow through the baffle window, we assumed that all_the,flow
passed through the net area in the baffle window. . The net window area‘is
the total crOssésectional area of the baffle;opening minus the total cross-
gectional .area offtheﬁtubes in the baffle window. The net :window area for

exchanger.B-1 through B-5 is 11.8 sq. in.; for exchanger B-6, the outer
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'winddw area (b§th sides of the central:baffle) is 10.6 sg. in., the
innéf window area is 9.9 sq. in. An average value of 10.3 sq. in. was
used for B-6. |

The long flow mass velocity is parallel to the tubes and was defined
as the totélvflow passing through(the geometric mean area between fhe
net baffle window area and the net cross-sectional free area in the ﬁube

bundle, which is 31.0 sq. in. for each exchanger.

The above geometry factors are therefore,

a -
i

5 0.606/12
do = 0.750/12
- 4 times the net flow area
dh wetted perimeter
= 0.543/12
A, = (rd,/2)%/144
t i
Ax = 20.3/144
11.8/144 for B-1 through B-5
Awin =
10.3/144 for B-6
1/2
{31.0*11.8) /144 for B-1 through B-5
A =
2 1/2
(31.0%10.3) /144 for B-6

Values for the three thermal resistances were also needed. For the wall

resistance, kg a11 = 26.6 (Btu/hr-£t2 - °F) for carbon steel tubes, and

with the above values for d,, d4 and equation (6), r, ;11 = 2.5428 1074,
' Because the shell side of the tubes was prepared to a clean metal

surface, we took rgpnejip = 0.0. Because of the benign nature of the
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brine at the test conditions, and because no tube side (brine) fouling
could be detected visually or from the data, rgqy) was set to zero. We
therefore employed;

rfoul = 0,0

2.5428 10 . (hr-ft2-°F/Btu)

Twall
Tehell = 0°0

The tube side pressure drop>data stations ﬁere located between exchangers.
The measured pressure Adrops needed ‘to be averaged over two exchangers and

corrected for the interconnecting piping. Because of the low measured

pressured drops, the measured values were used directly and the tube side

" pressure drop calculation dispensed with, ' For ‘the shell ‘side, we took,

{1.5 for an inlet nozzle
k =
n

0.5 for an outlet nozzle

0 808 for B-1 through B-5 _
“uina = {o. 721 for B-6

The values of kWind vwere determined from a water-water calibration

. test!! run on B-4 gndKB-G,nand rep:esents the only emprically adjusted

geometry parameter used in the basic equationms.

R ST AN B S Berra s

Data-Reduction, P:imary:Heqte:s,%go,%and hg

Our intent is to guantify the deviation between the actual and predicted

| performance using the basic equations outlined above. oOur approach was to

. introduce into the heat transfer endVp;essure'drop‘equetions a deviation

parameter.
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Since the tube side (brine) was not suspect, we used the tube side"

equations as given. For the shell side heat transfer we wroté,

(3-20)

h =C *h
o o o,corr
where C, is an adjustable parameter and hy corr 15 given by some as
yet unspecified function of hy and hy.
For the shell side pressure drop we wrote,
: 3. ; o
= + -
APg APN,itn Ce 2 APy + APN,outv . A (3-21)
i=1

where Pj is the pressure drop for one of the three shell side pressure
drop components.

The parameters C, and Cg equal unity if the basic equations give a
perfect description of the exchanger performance, i.e., if they predicted
the known surface area and the known pressure drop.

Finally, we introduced an area deviation defined as,

Adev = 100 (Acal - Aexp)/Aexp » (3~-22)

where A gy is the calculated area based upon equation (3-20), and Agy,

is the known area. We define a pressure deviation as:

| Apdeﬁ = APcal - APexp | . (3-23)

where APcaz] is the calculated pressure drop based upon equation (3-21) and

APexp is the experimentally measured pressure drop.
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We first tackle:the function .h,, which will yield a value for Co.
We assume that Co-isra,fixed constant and the functional form for h, is
invariant from exchanger to exchanger. - We start by rewriting equation (3-8)

and (3-9) .as:

znmuz/pr“' ) = a, +' b, Re, - (3-24)
£n(Nu /Pr1/3) =a + h hev : . | (3-25)
x . s Xe o X e Xe . : -
If we had experimental values. for h,, we could.then write, .
-Nu£r= ho’dh/kb i . Cen e - (3-26)
Na =h d/k | (3-27)

and a linear regression of data on equations (3-24) and (3-25) would yield

values for the parameters az, bz and ax, b from which the importance of

to ho could be deduced. Experimental values of ho can only

I4

d h
hy an 1

be determined when a stepwise calculation, such as described later on, is
not necessary. This occurs only for the liquid region which is spanned for
most test conditions by exchangers B-1 through B-3. 1 |

In the liguid region, the IMTD may be computed from the terminal

temperatures (1.e., measured temperatures) of the exchangers, thus allowing

.. .U to be computed from

U= Q/(a LMTD) ” (3-28)
where A is the exchanger area (292 2 ftz) and Q is the brine duty, s0 |
picked over the hydrocarbon duty because the fluid properties of the brine
(i.e., water) are known with greater accuracy than those of\the hydrocarbcn

) We ccmputed hio frcm equation (3-5), U frcm equation (3—28), and
hy = ho,m from equation (3-7). With arset of experimental h values, Nuz

and Nu, were computed and a linear regression applied to equations (3-24)

and (3-25).
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Since equations (3-8) and (3-9) in 'principle apply to pure fluids or
mixtures, we limited the above analysis to the commercial isobutane data in
order to provide a more stringent test of the mixture data. The bulk fluid

properties were the average of those computed at the exchanger terminal - -

- conditions, the Sieder-Tate correction, ¢, was computed as described later

on, and the heat capacity was computed from equation (3-19) with the temp-
eratures taken as the measured terminal*temperatures.

Figure 3-1 is a T-Q plot for a typical data scan. 'The dotted line is

" the temperature profile from a stepwise calculation, and the straight line

is the profile used for the above analysis. To expand the range of Reynolds
numbers, data frcm a water-water calibration test on exchanger B-4 was
included in the analysis. Table 3-3 reports the results. |

We see from the tabulated results that equation (3-24) for long flow

gave the best fit. In fact the value of bz = 0,81 is remarkably close

'to the generally used value of 0.8. However, the value of by = 0.79 is

not in good agreement with the generally accepted value of 0.6. Next we

note that:

[+]
I

£n(0.024C, ) (3-29)

a
X

2n(0.33C ) (3-30)
The values of cz and C, are also llsted in Table 3-3.

The value of Cz = 0 936 (see below) ‘means that we need to multlply
the standard longflow correlation by ~-6% to predlct the surface area of

B-~1 through B-3. On the other hand, Cx = 0,138, plus b, = 0.79 strongly

suggests that cross flow contributes little to the heat transfer.
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TABLE 3-3

Long Flow and Cross Flow Analysis of

Liquid Region Data

Long flow:

a, = -3.7958
b, = 0.81
‘c = 0.936
Cr§ss flow:

| . a =“§3.q907
b =zb.79

c_=0.138 '

long flow for hﬁ = 0.B:

C. = 1.116 + 0.231
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HYDROCARBON

-—- Stepwise calculation
— Straight line - 7

1
1 2 3 4 5 6 7 8

Qx1076,(Btu/hr)
‘ XBL 821-1706

Fig. 3-1 Temperature vs Duty for B-1l through B-3
‘with Isobutane in the Heaters
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With the above analysis, the test data was reanalyzed for long flow
with b, fixed at 0.8. The results were C; = 1.116. Therefore, the
remainder of the data-reduction was based upon,

h° = Co.hz (3-31)

with C5 = 1.116. Figure 3-2 shows the final regression results for
theylonghflsﬁyanalysis, and fiéufe 3-3 shows the results when b, is fixed

at 0.6.

Data—Reducéion, Primary Heaters, Stepwise Equations:

Figure 3-4 displays the test dagé:arééféh'Pfﬁfqééraiqates of pﬁre
isobutane. The dottédhliﬁ;yiﬂ'Fiééféuﬁ—4 i; éhé‘féh.: Thé approximate
.region séanngd by each exchanger is also indicated as B-~1 through B-6. As
previousl& nétédj»exghangers B-1 through B-~3 lie in the liquid regioh,w
- whereas exchangersﬁé-i through B-6 lie in the "near-critical" region.

In the near-critical regioniﬁistepwiﬁe Qalculation is necessary, as}can ?e
Vseen from Figures 3-5 through 3-7.:ZFigu;e 3-5 is a T™Q plot for.a’nomiﬁél
| 80/20 test run. The nonlinear heat releaéé"(uptake)iis typical of*;uper.
jcritical operating conditions.
Figure 3-6 is a plot of tﬁe hydrocarbon's thermoghfs;cal propgf;ies as
; a function of the shell sideitgmperature. The rapid change iﬂjpropéfties
g within B-6 results from crossing the TCL. :Figure 3-? is a plot of ihe
: ;pportantwengineeringbparamete;é“for:theasame test,?9nditions. Sl it

: The basiérequationg.ﬁﬁtliggd earlief for heat é;ansfer and pressure
drop still apply in the near-;¥iiié;1f§é§ion. To overcome the difficulties
'Tbosedlﬁilthe rapidly changing fluid propgrties, the exchanger is broken

into segments (€.g., zones). The width of a zone is such that the basic
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Long Flow Analysis for Cl from Iscbutane and Water-Water Test Data.

0.8_.0.4
Nu, = CpRe Pr
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Fig. 3-3. Cross FloW'Analysis”for C; from o

Isobutane and Water-Water Test Data

Nuy = Cg ReO*6prl/3
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Fig. 3-4 Primary Heater Test Data Area
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equationsAare valid within that zone. The zones are then summed and .
the performance factors extracted from the resulting sums. The stepwise

calculation in reality is nothing more than a statistical averaging.

For the entire exéhanger we write,

Qeor = UgAyy “LHTD O (3-32)

We also write for the jth zone,

tot 3

=t o

Q, = U *A LNTD, (3-33)
We now relate the terms of equatién (3-32) to those of equation (3?33{.,
For the jth zone we compute:
(UA)j = QJ./LMTDj S , .3(§-34)
whefe Qj is the duty of the jth zone of n ;ogaliﬁnes,véhd the LMTéj‘
ig computed from the temperatures at the zone boundarj.
The total duty, Qtotr is computed as:
n . .
Quop = L 0, (3-35)
j=1
The LMTD for the entire exchanger is computed as:
» n
o =0, ./ L AvA)y ) © (3-36)
=1
Finally the‘over-all heat transfer éoefficient, Ug, is bdhputed as:
‘n o e
U= ) (UA) /B, (3-37)
j=1
wﬁere Arot is the total area computed as:
n
A_, = ) A, (3-38)
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Each Aj is computed from: ,

éj %,Qj/(ujtumnj) e - (3-39)

An individual Uy is computed from:

1 (3-20)
Uy =3 T 1
bt Tvall Y Teowm T ho
io o

The overall weighted tube side and shell side film coefficients are -

computed as:

. i} Z(UAli
io,wtd ‘:;Qj/;pmonjhio)

Z(UA)j

5t0)

The individual heat transfer coefficients for each zone used in equation

b wtd = Q,/(TamD

(5-40) are computed as:

' 0.8, 0.4 kb
hio = (00022 Reyt do ¢t (eq. (3-5)) (3-41)
0.8p, 0.4 kb
h = c_ (0.024 Rey dh o) leg. (3-31)) (3-42)
(3-43)

ho,ref ¢s'

All the properties used: 1n equation (3-41) are for the brine, and those
for equation (3-42) for the hydrocarbon. The bulk thermophysical properties

are computed as:

Py = (Pj tRy V72 ' (3-44a)

p = (T, + T, )/2 o (3-44b)
Rp =Ry tkye M2 G
 ﬁ“5 = (u + “jm1 o e (3-444)
= (B, - B, /(T - T, ) ' (3-44e)
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where for example, Py is evaluated at the jth boundary point, and
Pj-q at the preceding boundary point,'etc.*

Looking just at the shell side, we write,.

Q (Tw'-‘T ) . (3-45)

;) = hOA

j b

where Ty is the outside tube wall temperature. We use equation (3-45)

to compute the Sieder-Tate correction, ¢.

We write,
T, =T+ Qi/(hé;refAj) | (3-46)
u, = uw(Tw; Pb) ' : (3-47)
$ = (“b/“w)0.1; 'VVVV‘ (3-48)
ho = ho,ref¢ (3-49)
Qea1 = Py Ay (T - T,) (3-50)
i(Qcal - Qj)/QjI <$§ (3~51)
To=T - (9, - Qj)/(hovAi). ,‘ . (?-52)

*To do the actual calculation, we evaluate all the thermophysical properties
at the n+1 boundary points, then compute an average value for the zone,

. The jth zone refers to the zone bounded by the j-1 and j boundary points.

o/
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First we compute an initial guess for Ty, from equation (3-46). Then
we evaluate u, at T, and Py, equation (3-47); then we compute ¢ -and -
hy, and a calculated duty, Qcal,‘equationsria-48) t°,‘3'5°)" 1f equation
(3-51) holds for a specified §, we stop;-if not we compute a new Ty from
equation (3-52) and repeat the sequence of equetions (5-48)_through (3-52)
until eguation (3-51) is satisfied, The same precedure with the appropriate
equations applies fbr ¢ on the tube side.

We treat the pressure drop equation similarily; we write for the entire
exchanger, | 7

APshell = APN,in * (Apxl+'APwind + Apl) + APN,out (3-53)

and for the ith zone,

APj = Apx,j +. pri a, + AP 2,3 N (3-54)

The relationship between equation (3-53) and equation (3-54) is

. S n »
te, + be i gt A;‘& = 3 APj . (3-55)
i j=1 :
- with
Apx'j = Apx, S (equatien (3—15»)_)
APwind 3 prind o (equatroq (3-17))
Apz'j = Apz;. - (equst}sn (3-18))
Apj = C_ (Apx'jd- Ap wind,§ AP j? 1_&3./1;‘_'0t (3-56)

Data-Reduction, Primary Heaters;*ssepwise Calculational Procedure

The basic and ‘stepwise equations outlined above were incorporated into
a computer code. The calculetional procedure is for a fixed duty and is

outlined below.
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Input of experimental data and known geometry of exchanger

--Compute Duties and Heat Balance-~
QBr = Mgy (Hin - Hoﬁt)Br

QHc = ch (Hout - Hin)

HC

Q -0
Error ='-j§l————§£ x 100

%r

--Set Initial Values for P's and T's--

A0pr = g/

APBr = (Pin'- Pont)Br/n

AHBr = (Hin - Hout)Br/n

PBr,j B Pout,,Br * (j-J)APBr 3=1, n+
Her,5 = Hout,nr * (3-1)am_ j=1, n+1
TBr,j = F1(PBr,j' HBr,j) 3=1, n+1
Per,3 = F2'%8r,3'PBr, 3§’ =1, nH
uBr,j = (TBr,j PBr,j) j=1, n+1
kBr,j = (TBr,j' PBr,j) j=1, n+1
-APHc T~ YWin T Fout)Hc/n

AHHc - Yout T H:i.n)!ic/n

PHc,j = Pin,Hc - (j-1)APHc 3=1,n41
HHc,j = ®4n,He + (j-1{AHHc 3=1, n#

A, = /n j=1, n+1

Exch

(1)

- (2)

S (3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)
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--Stepwise Calculation--

Tae,y = €1Phe, 4’ Hué,j’ ' §=1, n+1 (19)
Pac,y = %2(Tuc,3’ Puc,s’ j=1, n+1 (20)
Yoy = G3(THC'5,‘PHC,15 T (21)
kge,§ = G4(Tﬂé'j, PHc,j) | j=1, n+1 | (22)

For 3Jj=1, nt1 for steps (23) to (36)

(Tyr Ppr Wy, kb, cé) from eq. (3-44a to 3-44f) (23)
hio,j = hio(geyt, Pr, ¢, Aj), eq. (3-5) (24)
(o Ppr Ky ép’uc from eq. (3-44a to 3-44f) | (25)
hy,4 = ho(nefz, Pr, ¢, Ay, eq. (3-42) (26)

Uy = U(hio'j, ho'j, rwail' Teonl)r €2 (3-40) (27)

Tb = TBr - THc,j-1
menj = ('1'a -éTb) /zn(Ta/Tb) | ' | (28)
Ay = AQBr/?Uj .+ TaD ) o (29)
sp, = c's(zsp,ﬁ(’j + AR ayt Alej); eq. (3-56) (30)
P AP

He,j = Fme,5-1 = %%y
Lay=1a, HRy 'fiﬂ S L e
'»Z'Qj?g ) 93 t'AQﬁé"i, ‘f T (32)

.;, y (Ué{j:fri fua)j + 80, /LMTD, B | o (33)
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Br )
L hg = ) o,y * IMID, By (34) -
A
N Br .
Lhy g= Bio,5 ¥ TMTD, hy (35) .
.= . + AP, A 36
) AP, ) AR, + AP, | | | (36) _
A= ) A - (37)

_and if APgyp (= Apné) # WPgal then adjust Cg and repeat steps (19) through

(38) ‘until satisfactory agreement is achieved. Then compute

Q¢ = LAog
’Atot = Acal
D = Q /) () |
U= Qior/(Rpoy LMID)
L oy

Posvta = b
O,]

) (ua),

Do wtd = j b
io,j

At this point the calculation is fini.

Data-Reduction, Primary Heaters, Test Results:

Table 3-4 summarizes the test conditions. Each entry is the average .
of six to eight data scans. The actual analysis, however, was applied to

each data scan. The number of data scans were: 96 for commercial isobutane,
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kTable 3-4

603

Notes: M-brine at 100% = 95408 (1lb/hr)

M~hc at 100%

= 85175 (1lb/hr)

Test # P-Hc(exit, B-6) m-Br m-He Bal*
(°F) (psia) (%) (%) (%)
Commercial Isobutane
1 314 603 98 87 2.3
2 -329 601 o8 7 2.0
3 333 602 % 50 5.4
s 311 600 107 98 0.3
6 308 571 104 - 102 1.0
7 . 326 572 106 84 .2
8 339 571 106 63 3
9 340 572 101 41 1.5
10 312 573 - - 107 - 102 .5
1 - 307 C e - 552 100 100 2.8
12 329 550 109 81 1.4
13 . 310 - 552 67 63 4.5
15 309 552 102 99 1.3
16 298 586 o8 95 1.1
Nominal 90/10 Isobutane/Isopénténe A
17 w304 T ;.o 596 ©-93 100 -5.2
18 323 600 98 82 1.1
19 339 602 84 57 1.6
20 306 571 104 99 -3.6
21 314 567 99 81 -5.3
" 22 314 . 566. 74 58 = -5.9
23 310 . 552 105 92 -3.8
24 326 557 103 74 0.1
25 328 554 . . 9. . s6 -0.5
Nominal 80/20:Isobutane/Isopentane . - .
 25a 313 ; 598 101 106 -8.2
26 312 602 101 104 7.3
27 310 603 o8 102 ~5.9
28 37 603 90 85 -3.7
29 335 508 20 62 1.4
0 307 7 101 110 -14.5
31 319 575 101 83 0.2
32 330 574 920 65 1.4
a3 302 ‘549 105 113 -18.6
" 316 . 550 105 91 1.2
35 339 550 106 68 1.0
‘36 318 105 1000 =7.7
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45 for nominal 90/10, and 68 for nominal 80/20, for a total of 210 data
scans out of 218 total scans taken, with 8 scans rejected for inconsist-

encies in the data.

Heat Balances:

,‘Heat balances were computed for individual exchangers as well as
the;enfire ttain. The exchanger heat balances present a curious dichotomy
as Table 3-5 illustrates. Test run 107, for a 90/10 test fluid, is one of
thermore biatant examples of a good overall heat balance but poor individual
e#changer balances. The heat balances are excellent in thé "liquid" region
spanned by B-1 through B-3, but deteriorate rapidly as the fluid traverses
the near-critical region. Exchanger B-é straddles the TCeregion with fhe
maximum heat capacity occurring near tﬁe entrance to B-6.v .

Test run 141, a 80/20 test fluid, also listed in Table 3-5, illustrates
the results when none of the exchangers encroach into thé TﬁLlieéion;> For
test run 141, B-6 lies just to the left of the TCL region. Most test
conditions of Table 3-4 traverse the TCL region, and show heat imbalances
similﬁr, but usually half the magnitude, to those of test run 107.

Several factors interact to cause the disparity in the heat balances.
Figure 3-8 illustrates on P-H coordinates the pressure drop through the
exchanger train for test run 107. The absence of a horizontal—infleétion
point, and the steep slope of the pressure curve indicates that errors:in the
pressure readings have a small effect on the heat balance.r Figure 3-9 is a
plot of T vs H for test run 107. The plot indicates the sensitive nature of
the heat balance on temperature in the region spanned by B-5 and B-6 as
evidenced by tpe horizontal inflection point. Consequently, uncertainties in
the measured temperaturqs contribute strongly to the hea?»imbalances, For
example, for test run 107, every 1°F change in the exit temperature of 3-5

changes the heat balance by 10%. For many of the data scans, a change
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Table 3-5

Exchanger Heat Balance

vier... Test Run #107 (90/10)

Exchanger

B1

B2

B3 -
B4

BS E
S - -
- B1-B6 |

§

P

3

:**fxgibhanger

" B1

: E B2
gL B3
' B4
B5
B6
B1-B6

QBal (%)

-1 «9
.-39
T -.-503
-19.0
-49.9
+50.8
+0.51

Test Run $141 (80/20)

Qhal (®)

. 1.0
-0.2
=0.6
-8.1
-908
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Fig. 3-8 Pressure vs Enthalpy for Nominal 90/10
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in the hydrocarbon temperatures in the near critical region of 2-3°F yields
satisfactory heat balances (< 3%) for B~4 through B-6.

l”The enthaipyhcdmputed ét a ééiht iﬁ'the liqﬁid‘iegibhwbrﬂiﬁ the "far"
gas'regioﬁ'is typical;y gccurate to %2 Btu/lb, an acceptable error. when
computing a Heét ﬁalance for the entiré train. For the near critigal
fégion, the errois in enthaléy are undouﬁtedly higher. Also, since’Aﬁ:for
an exchanger in the neér-critical,:egion is 10 - 20 Btu/1b, uncertainties
in H are magnified in AH. For example, for ﬁest run 107, every 1 btu/lb
change in AH for B-5 yields a 4% change in the heat balance. |

Finally, temperature measuréments in a region of rapidly changing

heat capacity are notoriously difficult to obtain. We feel, howevér, since
the pressure and temperature readings for the wide variety of test‘conditions
encountered were consistent to *1 psia and 0.1 to 1.0 °F respectively, that.
instrument bias is an insufficient explanation for the heat imbalances;
which leaves fluid properties as the source more by default than p;pof,“as
little or no thermodynamic data exists for mixtures at the supercritical
conditions encountered to serve as a comparison. Plots of the the;mophysical
properties used for the data analysis show the correct qualitative behavior.
As we will see, the heat imbalances have little effect on the performance
calculations if the calculation is forced to fit the experimental temperature-

pressure profile, but have a more serious effect for a design type calculation.

Fouling Resistance:

The scaling components of the Mesa 6-2 brine are mainly calciumrcarbonate «
and silica. Calcium carbonate cannot be precipitated fromvsolutioh by perely
lowering the temperature; a rele;éerfrom solution of dissolved carbon dioxide
is required. Silica can be precipitaééd'from solution by lowering the brine &;J

temperature. Since the brine pressure was always sufficiently high to prevent
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COy(g) evolution, carbonate precipitation was not considered a problem.
However, to assess the importance of scale formation, the overall measured
heat transfer coefficient, UA, as a function of time for exchanger B-1

iwas examined.

Exchanger B-1 was dﬁoéééh‘hééause it is the déldest'exchanger, and
because its Uy can be computed directly using the four terminal exchanger
temperatures without rgso;t;ng to a zongd_ana}ys;s,‘thefeby avoiding the
necessity OfveXpliciéiy'ihti§ddcihg a value for rfoui; while implictly
including its effects in Uy. BAlso, because B~1 is in the cooled liquid
region, the value of Uy willlnot be greatly affected by the composition
range spanned by the test fluids, so the values of Up for all three test
fluids may be compared thereby allowing for a greater time spread.

The test sequence had been arranged to allow for evaluating changes in
rfoul by having the last test run for each test fluid be a repeat of its
first test run (see Table 3-4). Any change in Uy computed for the first
and last test runs could be attributed to changes in rggy).

Test runs 1, 16, 17, 25R, and 36 (see Table 3-4) were analyzed and
Uy values for each data scanjcomputed usi£g équation (3-2) and (3-3).

The resulting Uy values were regressed against real time. The tube side

- of the exchangers were cleaned prior to the start of testing and never

thereafter. When the test 1dop was not operating, the exchangers were left
packed with brine; consequenﬁly, the times used in therregréssion are
accumulative rather than thevsum of the actual running time since the
chemistry of the brine does not stop because the brine stops flowing. Our
interest is in the change in Uy, however it arose.

Table 3-6 reports the résults; the first equation is for all three test
fluids, the second equation ;s for commerical isobutane. The time spanned for

the analysis was 1172 hours for equation one and 805 hours for equation two.
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Table 3-6

Results for reo,) from Uy for B-1

Up = (321.6 * 0.3) + (0.0035 £ 0.0004)* time (hrs) (1)

Up(iCy) = (322.4 % 0.3) - (0.0027 # 0.0007)* time (hrs) : (2)

NOTE: The quantities in parenthesis are the values determined
by regression analysis and their standard deviation.



"
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The value of the slope is sufficiently small and outside the exper-
imental accuracy in Uy to Se considered experimehtally zero. No signi-
ficance can bhe attached to the sign of the slope for either equation.
The results for commercial isobutane were included separately to see if
they differ significantly fiam the combined data set. The results show

no statistical differences. Based upon the above results, we set

Tfoul = 0.0 for .all further analysis. Figure 3-10 is a plot of the

results.

" Performance Factors:

The heater test data was processed by two different methods, each

:employing the calculational procedure outline under stepwise calculations.

Heater performance involves two major factors, the pressure drop and

. the heater transfer., . Since each affects'thé.other,"evaluating the selected

pressure drop and heat transfer correlations separately is difficult.

‘Method One attempts to'evalua#e;the_hgqt~transfer correlations not by elim-

inating the pressure drop but rather by forcing conformity to experimental

values, whereas Method Two aliows the preésure drop and heat transfer

effects to interact freely.

: Method One:

" In the first method the computed témberafﬁré-pressuré‘profiie for

the entire heat exchanger train was forced to conform to the experimental

profile. This was done by evaluating all six exchangers separately. For

each exchanger the four terminal temperatures, pressures,.énd;both flow -

L

rates, all as measured, were input to the analysis program. Each
exchanger's entrance and exit state point was fixed at the measured
values, The computed hydrocarbon pressure drop for each exchanger was

made to conform to the experimental pressure drop through the adjustment
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of the Cg parameter. Since the entrance énd-exit pressure and temper-

" ature were fixed, so were the enthalpies; therefore the AH for each hydro-

carbon zoné was based upon fﬁé overail hydrocarb&h AH:and not a 1st law
heat balance applied to each zone, albeit the calculation used the brine
side duty in evaluating the eichanger's performance.

The forced fit of the temperature-pressuré profile minimizes the error
in the overall area deviﬁtion; By not iteratihg on the pressurevdrop, any
error in the calculated pressure drop would alter tﬁé teméerature;préssure
profile and compound the ovefall error in the prediction. The first method
approximates the level of prediction :a designer could expect if he were able
to predict the pressure drop éxactly. By conforming to the experimental
temperature~-pressure p#ofile, we validate (or inﬁalidate) the sglected heat
transfer correlations sihce wé have7§u§pressed’that‘part of thekCalculation
that projects a temperature—pressuré préfiie. B |

The performance facﬁérs a?e the area, the,dvérall'meaéured heat
transfer coefficient,Zthéfweighteé'iMTD, and the measured shell side film;
coefficient. 2 camparéién between the prgdicted area and the known area is
given in Table 3-7. Ailventries afé the éver;ge of the individual values
from the data scans for the cited geéf fluid.” Becgugg exghaqger B—Gldiffers
from B-1 through B-5, the resﬁlts f§rrh-6‘are repérted sepgrgtgly,_

The Bgey values are based upon the total exchanger area for -B-1
thfough B~-5 and B-6 respéctivélfiv Thé avéraged individual‘exéhanger areas
aré listed, plus their standard deviation, Std, and the percent devi#tion,
% Dev, from the known exchanger area.

The values of AdéQ;{and the individual areas for B-i throuéh B~-5
are in excellent agreement with experiment. The value of Cg varies

little for the three test fluids and show-a positive deviation of 1 to 9%.
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Table 3-7

Exchanger Area form Method One Septwise Calculation

Commercial. Isobutane

= 0.66 ¢+ 1.51% C' = 1,011 &+ 0.052

Aev
2 2
Exchanger A (ft7) std (£t7) S Dev
~ cal
B~1 297.8 + 5.81 1.9
B-2 307.4 + 9.84 5.2
B3 . 285.6 + T4 -2.3
B~4 283.9 2 9.5 ’ ;208
B-5 295.9 + 17.0 1.3

Neminal 90/10 Isobutane/Isopentane

Ldev = 1,38 + 1-09‘ C' - 1.088 % 0.055

. 2 2
Exchanger Acal(t't ) std (£ft") % Dev
B-1 290.3 + 4.3 ~0.7
B-2 299.8 + 7.0 2.6
B~3 293.2 k4 9.3 0.3
B~-4 303.8 + 21.8 4.0

Nominal 80/20 Isobutane/Isopentane

2 2
Exchanger Acal(tt ) std (ft’) s Dev
B-1 . 282.1 b 4 1.5 -3,.8
B-2 291.2 * 5.0 -0.3
B-3 282.7 3+ 13.2 -3.3
B~4 286.2 + 20,2 =-2,0
B-5 284.8 + 25.0 -2.5
Exchanger B-6

Commercial Isobutane

Q

A

dev *22.4 + 13.6%

= 1.016 ¢ 0.182

A

= 2
cal '226-7 + 39.7 (£t4)

Nominal $0/10 Isobutane/Isopentane

By, = -19.4 & S.an C, = 1.196 £ .0.156

A

2

Nominal 80/20 Isobutane/Isopentane

A = -15.9 11.0% (] «184 0.09
dev * [ ] =184 3

A, = 245.5 £ 32.1 (£t2)

-cal
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The results stronglf suggest that the heat transfer and pressure drop
algorithms chosen for modeling the exchangers are adequate for design
purposes provideo the temperatureepressure profile'is known and adequate
fluid properties are employed. This conclusion is further reinforced by
the;excellent fit to the mixture data for correlations scaled against the
"pure® data.

“The results for exchanger B-6 are also listed in‘Table 3-7. Exchanger
B-6 in most test conditions straddles or lies to the-right of the TCL
region. We feel that the oonsistent;area'deviation of = -20% for nearly
all the data scans is a result of the heat'transfer and pressure drop
algorithm sensitivity to fluid property variation. wWhether or not the ’
fluid properties are accurately described in’ the B-6 region is moot as
little if any experimental data, particularly for the mixtures, exists for
the region. The results simply imply that given the fluid property base
used, the computed shell side film coefficient is too large compared too
theiactual film coefficient. The implication is that the predioted
enhancement in the film coefficient from. the increase in the heat capacity
in the TCL region does not fully exhibit itself in the form of increased
exchanger performance, a fact consist with work by Tleimat14.

| Figure 3-11 is a scatter plot of Agey for B-1 through B-5 for the
individual commerical isobutane data scans. We see that the maximum

excursion is less than t 4%,

Tables 3-8 and 3-9 list the other measured performance for B-1 through

B-5 and B-6 respectively. Each entry is an averaged value of the data
scans for the test cited. . Runs where only'B-1 throuéh B-4 were in50peration

were excluded.



-82-

Area deviation (%)
@)
O
o

] | | 1 ] ] | o
0O 10 20. 30 40 O 60 70 80
Data scan number

XBL821-1713
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19

20,

21
22
23
24
25

25A
26
28
29
30
a
32

34
35
36

- b b b b
RBWNSODIOOONN =

316.7
334.9
305.6
345.5
340.6

306.0
343.6.
341.3

315.1
344.7

316.6
330.9. .

310.2
316.4
324.6
307.6
314.3
337.8
317.8

Thf,out
(*F).

205.2

218.0
207.9
201.9
213.0

- 239.3
206.3
1205.5

212.7
- 201.0
1 207.3

202.4.

220.0
191.9

202.7 .

204.3
193.4
218.0

219.4

-192.6
197.7
201.5
229.6
192.9
210.3
222.6
196.4
208.4
230.1
206.1

Mpy
(1bs/hr)

93200
93365
102357
99136
101133
101006

101684
95408

95938

64052

97556

93051

80142 -

98963
44921

70876

100440
28306
75479

96328
96656
85599 .

86270
. 96560

26514
85921
100502
100389
100746
100603

Table 3-8

The,in
{psia)

140.6

131.5,
152.1
152.2

142.8
138.1
157.0
161.1
146.5
146.3
162.1

119.1
118.0

130.1
118.4.
124.0

121.7

121,5.
134.8

125.6
122.6
126.9

130.0°

134.8

133.0"

129.5
140.7
129.2
123.3
138.2

Phe,in
(ps1A)

=e= Commercial Isobutane ===

666.8
653.9

675.8

651.8

639.4.
635.7
656.3.

633.1

- 6168

'584.4
' 632.8

THe,out
(°F)

292.0
309.7
290.4
285.3

- 295.8 .

339.2
286.4
281.5
293.9

T 279.1.

281.8

Phe,out
(psiA)

620.4
616.3
619.9
593.0
593.2
585.9
596.0

575.3

571.9

5617

575.7

by (& X
{1lbs/hr)

74513

60547
83088

86505
- 71180
53484
86811
88175

69052

53366
84258

——- 9/10 Isobutane/Isopentane =—

655.9

637.0

65048 .

639.4

603.9

625.9

621.9.
593.5-

298.4
322.6
289.5
317.9
316.4
288.0
329.6
329.7

615.6

612.2
591.3
588.2
577.4
572.7
575.4
565.2

=== 80/20 Isobutane/Isopentane

675.1
684.3
654.3

634.5°

656.2

635.0

612.1
636.9
615.6
602.5
675.4

302.0

315.8
304.7

316.6

296.2
302.5
307.1

.293.5

298.3
324.1
304.8

615.5
622.1
614.8

608.2

592.8

591.3 "%

584.9
569.7
568.6
565.6
619.8

69858
48672
84485
68725

49535

78711
62899
48090

90258
88362

72582 -

53067
93821

55691
26419
77524
57842
855958

75087 .

Performance for B-1 through B-5 from Mathod One Calculation

Duty

(Btu/hr)

x10~6

9.92
10.4
10.4
10.2
11.0
10.7
10.3.

9.2
10.7

6.2

9.4

10.8
9.4
11.4
13.9
9.9
11.5
12.6
9.4

12.0
14.5

10,0 -
8.9

1.5
10.4

8.9
1.4
10.8
1.1
1.4

IMTD.
(°F)

17.4
18.7

16.7.

16.8
17.8
19.8
16.4
15.5
17.9

16.6°

15.7

19.6
19.5
20.0

24.1-

21.0
19.9
22.4

19.8 .

21.6
24.7
20.1
17.5
20.7
19.3
17.6
19.8
19.4
20.7
20.4

Un hg,m
391 670
379 628
425 746
415 730
424 739
372 580
429 © 761
403 711
407 708
261 432
408 715
379 607
330. 529
391 660
393 663
322 537
394 662
386 . 630
326 - 530
380 633
402 686
341 551
351 562
380 635
369 597
348 560
393 660
3is2 620
368 .575
383 634

8.5
8.1
10.7
11.3
8.8
9.1
10.5
8.9

1.4
13.7
9.4
7.0
11.2
8.7
6.8
10.6
8.0
8.2
10.1

-88-




Table 3-9 o .

Performance for B-6 from Method One Calculation

R Tpr,4n  TBr,out _ "Br  THe,in  PHe,dn THo,out  PHuc,out  PHe -Duty IMTD Uy  ho,m
. # (°r) (*F) (lbs/hr) (psia) (psla) (°F) (psia) (1bs/hr) (Btufgr) (*F) :
x10
-=-=- Commercial Isobutane -—=
1 339.4 309.9 93200 292,0 620.4 314.5 603.0 74513 2.85 24.2 403 674
2 338.9 327.1 93365 309.7 616.3 329.2 600.8 60547 1.15 13.4 295 416
5 339,5 307.7 102357 290.4 619,9 311.0 599.5 83088 3.37 25.0 462 820
6 342.8 303.3 99136 285.3 593.0 -307.6 570.6 86505 406 29,1 478 888
7 342.6 319.7 101133 295.8 593.2 325.9 572.2 71180 2.41 22.1 373 576
10 344.9 305.8 101684 286.4 596.0 311.5 572.6 86811 4.13 29.9 474 860
11 344.3 . 300.0 95408 281.5 575.3 307.4 552.1 . 85175 4.36 31.1 480 917
12 344.6 321.6 95938 293,9 571.9 328.7 549.9 69052 2.29 22.6 346 .523
13 338.0 296.3 64052 279.1 561.7 310, 1 551.8 53366 2,76 27.0 350 631
15 344.4 301.7 97556 281.8 575.7 309.3 552.2 84258 4.32 31.6 468 861
=== 90/10 Isobutane/Isopentane ==
18 342.3 316.7 93051 298.4 615.6 322.7 599.7 69858 2.48 21.7 392 641
19 341.5 334.9 80142 322.6 612.2 338.8 602.5 48672 0.55 - 6e3 - 30% 445
20 342.6 305.6 98963 289.5 591.3 306.5 5§70.6 84485 3.80 '24.2 - 538 1119
23 342.8 306.0 100440 288.0 572.7 310.1 551.6 78711 3.83 26.6 493 933
-== 80/20 Isobutane/Isopentane =—-
25A 344.0 315.1 96328 302.0 615,.5 313.0 598.8 20258 2,90 18.8 528 4085
28 342.3 316.6 85599 304.7 614.8 316.6 603.0 72582 2.29 16.5 554 9244
29 343.8 330.9 86270 356.6 . 608.2 -33447 598.5 53067 1.16 12.9 309 453
3o 344.6 310.2 96560 296.2 592.8 307.0 574.4 93821 3.45 21.4 551 1193
31 344.9 316.4 96514 302.5 591.3 . 318.8 575.5 75087 2.86 19.4 505 989
32 342,.8 324.6 85921 307.1 584.9 329.6 573.8 55691 1.64 18.9 296 426
33 344.5 307.6 100502 293,.5 569.7 302.6 548.7 96419 3.85 21.9 602 1419
T34 345.2 .314.3 100389 298.3 568.6 316.6 550.4 77524 3.23 22.5 492 925
as 345.5 337.8 100746 324.1 565.6 338.9 . 550.3 57842 0.81 9.7 286 391
36 344.7 317.8 100603 304.8 619.8 315.6 602.9 85595 18.3 8535 1054

2.82

_vs—
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fn(Nu/R%4)= £n(1.116 x0.022)
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Fig.i"'3-412. Nusselt Pl’ot“fbr Primary heater Tests Based

on Method One Calculation
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In Table 3-8 the values of ﬁm vary from 429 to 261. The general
trend of Uy is to lower values with increasing mole fraction of iso-
pentane (for example, compare test runs 7, 21, and 31). However, the
Nusselt humbers for the individual exchangers for each test fluid when
blotted againét the Reynolds number are in excellent agreement with
éredicted values as Figure 3-12 demonstrates. The line in Figure 3-12 is
equation 3-24 with the plotted points selected from among all three
test fluids for exchanégr B-1 through B-5 and the water-water test data.
The agreement is excellent.

The values of Uy, for B-6 vary from 538 to 295 and are larger than
those for B-1 through B-5 because of the enhanced heat transfer in TCL
region. For B-6, the effect of fluid composition on Uy is harder ;o

detect because of the greater uncertainty in the values of Up.

Methoé‘Two:

The secoﬁd~method of prediction treats the entire train of heaters
(B-1 through B-5) as one long heat exchanger. Only the temperature and
pressure of the cold end are provided. The calculation proceeds from B-1
through B-5. Errors in the pressure drop prediction are accumulative as
the pressure and temperature at the outlet of each zone is the in;ét value
for the next zone. The second method is representative of the task a heat
exchanger designer performs for an actual design wﬁere only the terminal
conditions may or may not be specified and the calculated exit pressure can
oﬁly be compéred to the specified (in our case, measured) pressuré.

For this calculational scheme, Cg is fixed at 1.0115 and a first
law heat balance is forced on each zone. The Cg value was obtaihed_as
the average of the individual values for the data scans for the commercial

isobutane tests run with C, fixed at 1.116.



-

-87=-

Rather than run all the data scans and report out averaged values,
one data scan representative of each test run was selected for analysis.
The resulting performance parameters are compared'in Table 3-10 to those
obtained from the first calculational method. The Adev values are for
the total area of B—1 through B-5. The quantities: subscripted with *m"
are measured values from the first calculational method. The subscript
1 and‘2:refer'respective1y to;the first and second calculational methods,
and the subscript ”dev” .are computed relative to the measured quantity.

We noted that with few exceptions U and. Um agree quite well, as do
ho, and ho;ﬁ, and Pgey i8 within)acceptable limits. However, Agey
varies considerably. An interesting point is the consistently smaller
computed pinch point versus . the experimental value, P—Pt1. This means
the temperature-pressure profile as computed 1ies closer to the brine duty
line than 1ndicated by experiment.k The result is a smaller LMTD for many
zones and a concomitantly larger area.

The relationship is nicely demonstrated by the T—Q plot of Figure
3-13 for test ‘run 21 (nominal 90/10 test fluid).' The dotted~1ine is the
experimental hydrooarbon curve (method one calculation), the solid line the
computed h;drocarbon curye (method two calculation). Both curves are
qualitatively:identica1.¥ Note'however;“the rapid increase in the computed
temperature and the severe transition after the pinch point. There appears
to be a critical pinch point>of"around 8 to 10°F, ‘below whichathe calculated
pinch point and the area\deviate stronglp;frcmkerperiment.b ‘

Figures:3—14 and 3-35 illustrate'theiprice,paid in area”and pressure
drop to heat the'hydrocarbon at supercritical conditions. ~ Figure 3-14 is a
temperature versuskarea profile for test run 25A. The hydrocarbon temper-

ature rises 148°F (125 to 273°F) in the first half of the train, but only



Table 3-10

”Perfdrmance for B=-1 through B-5 for Selected Data Runs Using a Method Two Calculation

Test Adev U U Ugev ho hom - hgey IMTD, IMTDy . Pgev P-Pty P-Pt4
Run # (%) (%) ’ (%) - (*PF) (°F) (psia) (°F)

-

L4
&)
-

Commercial Isobutane

1 1.9 395 391 1.0 682 670 1.8 16.9 17.4 -0.7 7.9 8.3
2 5.5 388 379 2.4 651 628 3.7 17.3 18.7 5.1 - 6.8 8.1
5 30.4 429 425 9 753 746 - 0.9 12.8  16.7 0.6 ~ 5.5 8.5
6 18.6 422 415 1.7 751 730 2.9 14.1 16.8 0.2 7.0 9.1
7 23.3 = 423 424 -0.2 736 739 ~0.4 14.4 17.8 ~1.3 5.2 8.2
8 3.5 380 372 2.2 601 580 3.6 18.5  19.8 -6.8 2.2 2.6
10 19.4 431 429 0.5 768 761 0.9 13.6 16.4 -0.7 6.7 9.0
1 4.4 410 403 1.7 731 M1 2.8 14.7 - 15.5 «0.3 8.6 8.5
12 12.2 414 407 1.7 727 708 2.7 15.6 17.9 =4.0 6.0 8.0
13 -5.6 300 261 14.9 509 432 17.8 15.0 16.6 -0.2 7.2 6.6
15 13.9 418 408 2.5 744 715 4.1 6.9 8.6

13.4 15.7 .2|°

Nominal 90/10 Isobutane/Isopentane

18 34.6 394 379 4.0 671 607 10.5 14.0 19.6 0.4 : 4.7 8.5
19 52.8 344 330 4.2 563 529 6.4 12.3 19.5: 6.4 3.4 8.1
20 113.4 421 391 7.7 741 660 12.3 8.7 20.0 -6.2 2.6 10.7
21 99.0 411 393 4.6 1 663 7.2 11.6 24.1 -8,8 "2.7 11.3
22 601,7 48 322 -85.1 591 537 10.1 20,0 21.0 =15.0 -7 ‘8.8
23 161.8 424 394 7.6 742 662 12.1 7.1 19.9 ~71.0 1.4 941
24 24.4 404 386 4.7 678 630 7.6 17.2 22.9 -4.7 5.9 10.5
25 38,2 336 326 3.1 554 530 4.5 13.8 19.8 =2.5 4.1 8.9
Nominal 80/20 Isobutane/Isopentane .

25A -2,3 399 380 5.0 686 633 8.4 21.0 21,6 -0.7 10.1 11.4
26 -0.1 423 402 5.2 747 686 8.9 23.6 " 24.7 -3.0 12.4 13.7
28 9,0 364 391 6.7 611 551 10.9 17.3 20.1 2,0 6.8 9.4
29 57.7 366 351 4.3 601 562 6.9 " 10.6 17.5 14.8 2.5 7.0
30 3.8 405 380 6.6 703 535 10.7 18.8 20.7 1.0 9.4 11.2
31 22,9 397 369 7.6 668 597 1.9 14,6 ' 19.3° 2.6 Se1 - 8.7
32 41.8 369 348 6.0 613 560 9,5 11.7 17.6 245 3.0 6.8
k) 4.6 415 393 5.6 723 660 9.5 17.9 19.8 =0.2 9.0 .. 10.6
34 17.9 407 382 6.5 688 620 11.0 15.4 . 19.4 1.1 5.4 8.0
35 31.4 406 368 10.3 672 575 16.9 14.2 11.1 6,6 - 3.7 8.2
36 11.3 410 383 7.1

696 634 9.8 17.2 2044 0.6 - 7.0 10.1 -

_88_
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40°F (273 to 313°F) in the last half. Figure 3-15 is a pressure versus
temperature profile for test run 25A. The hydrocarbon pressure drops 33
psia (675 to 642 psia) in the first half of the train, and 43 psia (642 to
599 psia) in the last half.

From Table 3-10, if we restrict our attention to those teet rﬁns (1, 18,
and 26) that are located around the original "design conditions, we see, with
the exception of the 90/10 test data, that Adev values are quite small.
0vera;1, we conclude that the selected correlations appear adequatef As for
the coneistent area deviation for B-6 (see Table 3-8), its overall effect
must be weighted by the fact that B-6 contributes only one sixth the total
area eo that the 20% error makes only a 4% overall contribution.

We find no major discrepancies, i.e., our selected correlations were
not totally inappropriate. The present results indicate good to excellent
agreement for the particular configuration and test condition investigated.

The main intent of the program, to verify the exchanger performance
with existing correlations, has been achieved. This does not imply that
different design correlations and thermophysical properties could or would
achieve the same level of accuracy between prediction and actual performance.
We have employed a relatively simple, straightforward approach. Proprietary
codes exist which are far more sophisticated, especially with regard to
pressure drop and flow calculations, which if used to process the experimental
data probably would give different results. Weycennot perform such tasks,
but strongly suggest any designer analyze that portion of the experimental
data base closest to his design conditions so as to scale his own correl-
ations against actual experimental data.” We feel the ultimate value of
this program is the data base. Consequently, we have appended the‘raw data

scans for the test runs.
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TEST RESULTS, CONDENSER -

Hydrocarbon Composition: -

The method of preparing the hydrocarbon test fluids and their chemical
analysis were as described under Hydrocarbon Sampling and Analysis, and
Hydrocarbon Composition for the primary heaters. Table 3-11 lists the test
fluid compositions. o | |

Numerical instabilities were encountered in performing the dew point
and bubble point calculations needed for the condenser data analysis
because of the low mole fractions of propane, n-butane, ‘and n-pentane.
Consequently, for the condenser data analysis, the isobutane composition
was set equal to the‘snh ofithevpropane, n—butane, andrisobutane mole

fractions as listed in Table 3-11, and the isopentane composition was set

equal to unity minus the isobutane composition. .

Data Analysis, COndenser:'f

Whereas the intent of the primary heater data analysis was to validate
the heater performance, for the condenser the intent is to report "measured”
quantities such as overall heat transfer coefficients, shell side film
coefficients, Reynolds numbers, etc. These measured quantities could then
be used as a benchmark for larger or more complicated condenser designs.

We have adopted this approacn because nodeling of condensers, though a well
traveled road, ends in as many different locales as the modeling vehicles
employed. iwe have attempted to maintain a simple approach wnose results
would have the widest applicability. Consequently, we have choosen
"conventional"™ models and dispensed‘with any stepwise calculations across
the tube bundle. The following presentation of basic equations reflects
this approach. A certain familiarity of the reader with the equation is

assumed. Nomenclature used is listed in Table 3-12.
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| Table 3-11

Hydrocarbon Composition for the Condenser Tests

Commercial Isobutane

Component -t Mole %
" ‘Propane - ' : 0.33
n-Butane 3.28
j-Butane 96,39

Nominal 90/10 Isobutane/Isopentane

Component Mole %

Propane 0.33 £ 0.01

n-Butane ' 2:,97 £ 0,02
i i-Butane 87.22 £ 0.06
: n-Pentane 0.45 £ 0.05
; * 0.01

! . i-Pentane 9.06

Nominal 80/20 Isobutane/Isopentane

Component Mole %
Propane 0.26 £ 0.00
n-Butane 2.55 £ 0.00
i-Butane 74.90 £ 0.06
g n-Pentane 1.05 £ 0.00
! i-Pentane 21.24 % 0.06

C
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Data Reduction—-Condenser, The Basic Equations:

A modified form of the basic heat transfer equation was used for the

condenser:

ona =vucondAcondMT

D (3-57)

where Qconds Ycondr &nd Acond'have their usual meaning and MTD is

the mean temperature difference computed as,

MTD = F*LMTD - o : (3-58)

where ILMTD is the log-mean-temperature difference defined for the

condenser as

IMTD

vap Téw,out
= Tliq -,?cw,in

= (Ta- Tb)/zn(Ta/TS) ‘ (3-59)

and F is a correction factbf for hon—isothermal conditions* defined as

F = -a/N, * fn(1+ *n(1-b/x)) (3-60)

where:

2
n

vap '

Tiag ™

Tcw,in =

Tcw,out =

= n(1-p)/(1-b))/(x=1)

‘1 (number of tube passes)

(T - Ty T )

vapor ‘ cw,out‘- Tcw,in

(T Tcw,in)/(T )

cw,out vapor - Tcw,in

r*é -

hydrocarbon dew point temperature at
condenser pressure, Pgond

hydrocarbon bubble point temperature at Pgong
cooling water inlet temperature

>cooling water outlet temperature

*(pPrivate communication, P. T. Doyle)
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Table 3-12
HOMENCLATURE -
gurface area, £2

Heat capacity, Btu/lbn-q'

Diameter, ft
Acceleration of gravity, ft/sec

Mass velocity, lb,/hr-ft
Heat transfer coefficient, Btu/hr-ftzﬂr

Thermal conductivity, Btu/hr-ttz-!r
Tube length, ft

Fluid mass flew, 1b /T

Nusselt number, dimensionless

pressure, 1lb t/ :I.n2

Prandtl number, dimensionless

Heat load, Btu/hr

thermal resistance (individual), hr-ft2/Btu
Reynolds number, dimensionless

Fluid Temperature, °F

Log mean teﬁpenture difference, °F

Mean temperature difference, °F

Overall heat transfer coefficient, Btu/hr-ftz-'r

Viscosity, lbs/ft-sec
Fluid density, nam/n;3

Bulk mole fraction of hydrocarbon component, dimensionless
SUBSCRIPTS

Bulk property

Inside and outside areas, respectively

Inside valve referred to cutside surface area

Cooling water

Hydrocarbon

measured quantity

inlet

outlet

shell side

tube interior wall

C
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The overall heat transfer coefficient may be treated as a series of

connected thermal resistances, i.e.,

1 1 1 |
v h *Teoul ¥ Fvall t Tenend h (3-61)
cond io .

where:

h is the tube side film coefficient referred to the outside
io tube area,

rfoul is the tube side fouling resistance,

r is the‘sheiiiside'fouiing'resistance,:
shell . '

ho is the shell side film coefficient refetred to the outside

tube area
Because we &are interested in measured quantities, we rearrange equa-

tions (3-57) and (3-61) to yield,

u = Qé&nd"%wd”"“’ ' o (3-62)
h o= - : 1 — (3-63)
o,m 1 . - ‘

v_ T Twall " Troul T Tshell rhi

The last three terms in equation (3-63) were computed from correla-
tions which are functions of the thermophysical fluid properties and

gecmetry factors. As with the ptimary heaters, the tube side film coef~

ficient was computed from the Dittus-Boelter equation, given as,

. 0.8 0.4
Nut 0.022jRet Pr (3-64)

vhere:
Nu, = hiodb/kb

Re, = thi/u_’b
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(7]
[

mchP/(ﬁtAt) - | o _
d = outside tube diameter

d, = inside tube diameter

k= ﬁhermal conductivity of the bulk fluid

u, = viscosity of the bulk fluid

C_ = heat capacity Qf the bulk fluid

m =vmass.f}ow‘:ate of'the,cpoling“water

~ N_ = number of cooling water tube passes

Nt = number of tubes

At =, cross~sectional area of a single tube

The tube wall thermal resistance was computed as
r 1y = 4.anad/d)/(2 pk ;) (3-65)
The relationship for rg,,) is discussed later.
The other condensing parameters of interest are the Reynolds number,
the Nusselt number and the clean overall heat transfer coefficiént.

The condensate Reynolds number, Rey,, is given as

4
Rey_ = —ib  (3-66)
where:
I' = tube loading i
= Bpe/MNegh -

M = mass flow of the hydrocarbon
Ncs = number of condensing streams

L = tube length (-
Uig T the hydrocarbon bulk viscosity at

the bubble point
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The Nusselt number for no vapor shear effects is given as,

”,Nuc,é ho,mdc/kliq (3-67)
where:
u2 1/3
a = lig
€ g pliq(plj.q - pvap)
kli ‘'="liquid hydrocarbon thermal conductivity at the
9 pubble point
Lg = acceleration of gravity
pliq = bubble point hydrocarbon density
pvap = dew point hydrocarbon density
The clean overall heat transfer coefficient, Ugjeans 16 given by,

- - 1 (3-68)
clean ~ _1 r : :
"Um ‘ foul

The above equations assume wet tube wall conditions. The wet tube
wall model was adopted because in all test runs the cooling water exit
;eﬁpefaiﬁre,ﬁaé'welilbelowxfhé hydrocafboﬁ dew point‘téméeratufe for the
set condenser pressure. . The condensing mechanism is therefore liquid on
the tube wall in contact with vapor. cohséquently, ﬁhe dew point temper-
ature is ‘used in the model‘rather'than'thé“tEmperatufe of the incoming

superheated .vapor.
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Data Reduction, Condenser, Assumptions:

The condenser basic equations we used have no empricially adjustable

parameters; only the correct thermophysical prdperties are needed. The

cooling water properties presented no problems and were taken to be those

for pure water. The hydrocarbon properties require the dew point and

bubble poiht temperatures.

The temperatures for equation 3-66 through 3-67 were specified as

Tvap,cal
Tliq,cal

Tliq,exp

T
vap,exp

where:

Tvap,cal

Tliq,cal

Tliq,exp

THC,ou.t
T
vap,exp

ZiC4

F (P

1 cond'?iC4) (dew point) (3-69)

Fz(Pcond'zic4) (bubble point) (3-70)

THc,out (3=71)

Tliq,exp + (Tvap,cal - Tliq,cal) (3-72)

is the calculated dew point from fluid
property algorithms

is the calculated bubble point from fluid
property algorithms

is the experimental bubble point

is the measured temperature of the hydrocarbon
exiting the condenser

is the experimental dew point temperature

is the bulk mole fraction of isobutane

The fluid property algorithms were written to allow calculation of the

bubble point and dew point temperatures given the condenser pressure and

hydrocarbon composition using the standard method of equating component

-
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fugacities across the phase boundary. When the computed bubble .points were
compared with experimental datal? and the measured condenser hydrocarbon
exit temperatures,,the hydrocarbon algorithms were found to yield bubble
points five to ten degrees higher than the experimental data or the hea—
sured exit temperatures. However, the computed isobaric temperature
differences across the ccme were in much better agreement with experiment.
Since the experimental data was limited, the algorithms could not be
reliably readjusted. The simplest approach was to take the bubble point
temperature as the measured hydrocarbon exit temperature, Tﬁc out*

The condenser tests were run such that the condenser s two down-
comers, where the exit temperatures were measured; were never flooded with
liquid so that Tyo,out includes a minium ofrsubccoling.

The dew point temperature‘cocld_not; however, be directly measured,
The hydrocarbon domes are retrograde, which ﬁould require a two-phase
expansion from the throttle valve to produce a condenser inlet state on or
very near the dew point.; Since no provisions existed to indicate where in
the two-phase region the expension should start, and since such a procedure
would of necessity rely directly upon calculeted temperatures and physical
properties, the 'simple approach of'requiring:the hydrocarbon exiting the
primary‘heaters;tofbe fully in ‘the gas phase was adopted, albeit the exit
conditions were often subcritical.: The above procedure eliminated any
possibilityaof liquid :carry over to the condenser and insured that the
incominqigas Wasfful;y superheated.*'The‘exit cohditions.fram»the heat
exchangerftrain~were set'bysnoting theqhydrocarbon temperature. distribution
and operating at fiVe to ten'degrees above the ccmphted dew point for the
heat exchanger~train'exit"pressure. Consequently, the measured Tyq,in is

a superheated gas temperature. To establish a dew point temperature, the
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calculated temperature difference across the dome at Pigopgq was added
to Tliq;exp° Equations 3-69 through 3-72 summarize the temperature
assumptions.

The temperatures used in the condenser analysis are therefore, .

Tvap TVap,exp
T1iq = Tiiqg,exp = THc,out
Tew,in = Tew,in (measured)

Tew,out = Tew,out (measured)

The geometry factors are:
4y = 0.75/12
d; = 0.560/12

Ay = (¥dy/2)2/144

N, =2

Ny = 336
Ngg = 36 for full tube bundle
18 for half tube bundle
L = 19.6
g = 32.17406

Values for the three thermal resistances are also needed. Fb; the
wall resistance, kya1)] = 26.2 (Btu/hr-ft2-°F) for carbon steel tubes.
With the above values of the tube diameters, equation 3-65 was used to -
compute ry,71. Because the shell side was throughly cleaned and = .
maintained in such a state throughout the tests, rghe1] was taken ‘as
" zero. The values of rg,,1 depend on the run time, and are discussed
‘below. We therefore have

3.484 104 (deg~°F-hr-ft2/Btu)

0.0 / o

Tywall

Tshell
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The bulk properties used in computing the tube side film coefficient
were computed as
kb = (kcw,in + k )/2 ‘ (3-73)

cw,out

% = ew,in * Yew,out?’? ' (3=74)

(ch,out - ch,in)

)

C (3-75)

P (Tcw,out - Tcw,in
i.e., as the average of the entrance and exit values for the transport
properties, and as a constant heat capacity based on the entrance and exit

enthalpies, H, and temperatures, T.

Data Reduction, Condenser, Test Results: .

Table 3-12 summarizes the condenser test conditions. Each entry
is the average of five to eight data scans. The actual analysis was applied
to each data scan. The number of data scans were: 48 for commercial
isobutane, 39 for nominal 90/10, and 46 for nominal 80/20, for a total of
133 scans: out of 140 total scans taken, with 7 scans rejected for data
inconsistencies. The reported heat balances are relative to the cooling

water duty and the duty is based .on the cooling water.

Fouling Resistance:

Because of the test conditions employed, the tube side fouling could not
be taken as zero. Changes in rfoul could, however, be determined by using
a differential resistance method of analysis.
. . For any'data‘scanﬁatltimeitgp
1 1 -p (t) -1

-r R ——————
,m(to) Um(to) nall foul o hio(to)

(3-76)




Table 3-12

Condénser Tegst Sunmary

Test # Tew,in Tew,out Moy The,in  ThHc,out:  Pcond Mye Puty x 1076 Q.
(°F) (°F (1bs/hr) . (°F) .. (°F) (psia) (1bs/hr) {Btu/hr) (%)

Commercial Isobutane
1 111.0 131.3 496945 212.0 173.8. 205.1 81502 10.50 1.2
2 110.7 126.7 479748 171.4 = 157.7 172.3 62858 7.59 2.1
3 79.9 - 98.8 376760 238.5 124.9 115.9 39096 7.08 1.2
4 86.7 112.5 374758 170.9 151.7 159.3 76893 9,65 1.6
5 84.2 106.8 373982 214.6 . 140.4 139.8 53564 8.43 1.3
6 105.4 125.8 442385 " 206.1 163.9 184.6 66793 8,95 1.2
7 116.0 135.9 432733 203,7 174.0 205.7 ' 69858 8.55 2.4
8* 98.2 113.1 507173 197.9 172.7 203.0 62136 7.48 2.4

Nominal 90/10 , : :
9 118.9 . 140.8 399152 211.4 . 180.5 "205.5 70218 : 8.71

0.9
10 , 102.2 125.2 350826 200.3 168.2 182.8 72713 9.43 . 0.3
11 , 94.5  115.5 423201 206.9 154.6 162.0 61968 8.85 1.0
12 78.9 96.9 370304 221.0 125.7 . 108.4 38442 6.63 1.1
13 82.1  117.4 193197 205.4 142.9 135.8 44237 . 676 1.1
14 118.8 139.1 399854 211.9 176.8 '201.8 63615 8.08 1.0
15 99.0 115.6 484015 206.7 177.5 201.7 63615 7.98 1.3
Nominal 80/20 .
16 113.5  138.6 393314 213.6 182.8 °  205.3 76699 9.99 4.6
17 97.6 123.0 403376 213.2 172.6 174.5 71887 10.20 5.1
18 83.7 . 121.9 262970 210.3 167.4 *160.6 69382 9,99 4.2
19 78.4 - 114.9 243898 . 191.4 155.8 1140.9 61428 8.88 4.9
20 76.0 90.4 434426 226.5 113.3 90.3 . 33158 . 6e21 2.8
- 21 81.9 . 102.8 433223 244.6 131.3 ~  131.0 47448 9.03 4.4
22 109.1 135.5 387783 242.6 189.7 204.6 76464 10.41 3.7
23% 94.4 " 114.9 486591 243.1 196.0 219.6 79766 9.92 5.4

*Half bundle test

C
i P ’ + !

-70T-
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If the initial test conditions are repeated at’ some later time, t4, and we

assume that,

o,m(t ) - h (to) =0 . (3-77) -

then we have

Ar. = 1 1 _ (1 1 ) (3-78)
foul Um(ti) U (t) hiott1) h, (t)

Further assuming that the change in rggyy between time t, and t4 is
linear, we have

At =t -t (3-79)
[o]

1
drfoul - Arfoul (3-80)
dt At

The fouling resistance at any time on the interval t, to t4 is then

given as

o Arfoul
rfoul(tr= Y foul * T At (t - to) to< t< t1 (3-81)
where r:oui is the initial fouling'resistance at time to which in lieu of

other data must be specified.

The condenser tests werevstructured so that for each test fluid, the
last test run was a repeat of the initial test run, thus allowing rgo,1/At
to be determined for each of the three fluids tested. The condenser tubes
were hydrolanced just prior to the start of testing. A value of O.bOOS for

f ul was chosen to represent the just-cleaned tubes. since the tubes

were not cleaned again during the course of testing, the value of rf al for the
90/10 test was taken as the last value of rg,,; for the commercial isobutane

tests, and t, for the 90/10 test was set equal to the time of the last com-

mercial isobutane,test. The same procedure was followed for the 80/20 tests
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only with the last values of the 90/10 test used as the initial values for —
the 80/20 test, etc.

Using the average of the individual data scans for test runs 1, 7, and
9, 14, and 16, 22 (see Table 3-12), and the above method of calculatipn, -
the three fouling resistance equations listed in Table 3-13 were derived.
The three equétions of Table 3-13 ﬁere then used in computing hgy,m and
Uclean According to equation (3-68) through‘(3-75) for the individual

data scans. Figure 3-16 is a plot of rg,,] versus real time.

Performance Factors:

Each data scan was analyzed using the basic equations and the appro-
priate fouling resistance. Table 3~14 lists the performance factors for
one selected data scan from each test run. Figure 3-17 is a plot of Up
and Ugjegn for the full bundle test runs of Table 3-14 against the test
run number. Figure 3-18 is a plot of hy,m for the same test runs against
the test run number.

From Figure 3-17 we see that Uy and Ugjean decrease with increasing
isopentane composition. These results are in qualitative argument with
experimental data on single tube condensation13. The implication is that
more surface area would be needed for a mixture than for pure isdbutane
running at the same condenser pressure as the mixture. However, we note
from Table 3-13 that the performance éf commercial isobutane‘ahd nominal
80/20 mixture can be comparable for similar conditions; and in some case
the mixtures perform better. The other factor is the mixtures:higher
temperature gradient for condensation for the same condenser pressure which

apparently offsets the lower value of the film coefficient.
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Table 3-13

Condenser Tube Side Fouling Resistance

‘Commercial Isobutane Tests

' 10~6
rooq = 00005 + 12.98 107" t(hrs), 0 < t < 55.75

Nominal 90/10 Isobutane/Isopentane Tests

3 -6

r = 1,224 10°° + 8.575 10 ° t(hrs), 55.75 < t < 104.5

foul

.Nominal 80/20 Isobutane/Isopentane Tests

r = 1,642 10"3 + 16.01 10-6 t(hrs), 104.5 € t < 198.25
foul
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Test # Time
(hrs)
Commercial Isobutane
1 8.5
2 - 10.25
3 26.75
4 31.50
5 - 34.75
6 51.50
7 53.50
8% 54.75
Nominal 90/10
9 76.50
10 78.50
11 81.25
12 98.50
13 100.00
14 102,00
15* 104.50
Nominal 80/20
16 149.25
17 151.25
18 153.25
19 169.75
20 174.50
21 176.50
22 196.4
23* 198.00

*Half bundle test

: rfou;x 1

0.610
0.633
0.847
0.909
0.951

¢ 1.169°
. 1195

1.211

1.402
1.419

14442

1.590
1.603
1.620

1.642

2.090
2.110
2.130
2.295
2,343
2.363

2,562

2.578

Table 3-14

Condenser Performance for Selected Data Scans

U

m

156
151
159

. 147

149
145
141

178

128

128

131

126

17

127
169

114
116
M
106
135

152

111
159

Uclean

173
166
183

170
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175
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227
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157
162
158

144
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156
269
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218
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.. 200
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334
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h
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1274
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809
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Nu

«224
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«260
«232
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«232
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«319
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222
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«336

«195

«202
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«286
«360
.204
<409

Rey

2480
1764

909
2080
1365
1936
2112
3711

2151
2052
1625
876

1112
1881
3786

2280

1962
1842
1536

660
1044
2244
4913
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Figure 3-19 is a plot of Nu versus Rey. for the results of Table
3-13. The left hand section is for laminar conditions; it is then followed
by a transition region ana a turbulent region where the film coefficient
increaéeé sharpiy. Moét 6f the ééét aatﬁ félis ih fhé transition region
with the half bundle tests in the turbulant region and at conditions more
likely choosen for a commercial application.

For those wishing to do a more detailed analysis than presented in

this report, the raw data for the condenser runs is appended.

Lj



-113-

ol — 1 | T T
0 I- -
el .
at Q
= ° &
|3 '-O ‘ V -
o] o ‘
(o)
ol 0 PP ° s
|| [ -
oL L — A ‘ 1
5001000 2000 3000 4000 5000

XBL821-1729

Fig. 3-19 Condensate Nusselt Number vs Condensate Reyholds Number




—11Y —



-115-

SECTION 4 -~ SUMMARY AND CONCLUSIONS

A Rankine cycle using a hydrocarbon working fluid shows promise for con-

verting the thermal energy of moderate-temperature hydrothermal geothermal
resources into electric power. In order to ‘obtain performance data on the
binary process a test loop employing state-of-the-art shell-and-tube
heat exchangers was constructed and installed at the U.s. Department of
Energy's East Mesa Test Facility. The test loop has provided performance
data on heating isobutane and udxtures of isobutane/isopentane at super-
critical conditions in the vicinity of their critical pressure and temper-
ature and for condensing the same fluids. The results and analyses of
those tests are reported herein. | |
The test loop consisted of three fluid loops: brine, hydrocarbon, and
cooling water.‘ The three loops were interconnected through the primary
brine/hydrocarbon heat exchanger train and the condenser/subcooler train.
An expansion valve was used in lieu of a turbine, and the heat load was
rejected to the atmosphere through a wet cooling tower. The test loop was
instrumented to record temperatures, pressures, and flow rates for the
’brine, hydrocarbon, and cooling water entering and exiting each exchanger.
| Problems encountered during the operation of the test loop and their
solution were~. | - | o
ykbi. ‘The shell‘side of the exchangers'wasﬁsuccessfully cleanedrusing
‘b a’ﬁcl/ammonium}bifluorideeammonium citrateisolution which gave
‘excellent results.ib" ‘ | o
2. Hydrolancing of the exchanger tubes proved quick, simple, and
gave excellent results.
| d. Suspended matter swept up by the circulating hydrocarbon was

effectively removed by filtering.
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Instrument performance was excellent with no failures in flow
meters, thermometers, pressure gauges, or controllers.

Leaks in the heat exchangers occurred during the testing. Aall

leaks were from weld failures at the tube/tube-sheet interface.

all leaks were repaired in the fieid hy heli-arc welding.
Analysis of the hydrocarbon taken frcm the test loop during
testlng showed no detectable levels of water.

The test loop was stable for allytest conditlons encountered,
both for subcritical and supercr1tical operatlons, and for

traversing between either mode.

The test data for the primary heaters and condenser covers an area

of commercial interest.

the heat transfer industry. BAnalysis of the primary heater data yielded

area predictions, overall heat transfer coefficients, shell side film

coefficients, mean temperature differences, exchanger pinch points, and

shell side pressure drop predictions. We found that:

1.

2.

3.

Heat transfer and pressure drop correlations applicable in the
liquid region (non-critical region)»that yield state-of-the-art
accuracy can be used as a basis for a stepwise performance cal-
culation of a supercrltlcai binary heat exchanger traln. 
Thermodynamlc and transport property algorithms are an integral
part of the performance correlation, Ihe use of other property
data will produce results different from those found in this
investigation. |

when the heat transfer and pressure drop correlationsremployed

were empirically adjusted, though the standard forms were not

The test data was analyzed using models common to

O

»
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modified, to .give a high degree of accuracy for liquids well

removed from the critical region, the C6rre1ations could then be
used, unadjusted, for performance calculations of the experimental
data from the liquid region through the transposed critical region.
When the hydrocarbon temperature-preséure profile along the exchanger

train is known (in our case measured), the area calculated from

. the correlations agreed generally within 2% of the overall train

area with predicted individual exchanger areas varying from -0.3

-t0 5.2% from the known values.

When the hydrocarbon temperature-pressure profile along the
exchanger train was calculated. (as in the case of designing an
exchanger train) significantly greater error in the calculated

area resulted. The errors appear due to uncertainties in the

.. P=-H=T correlations, primarily in the near-critical region where

the temperature pinch point occurred. Experimental temperature

pinch points ranged froam 2,5 to 13.7°F with most values between 8

-to 9°F. ' The P-H-T correlation generally predicted pinch points

smaller than the experimental values resulting in over—-prediction
of the required area; The overall train area calculated for
commercial isobutane and nominal-80/20 isobutane/isopentane
averaged 11% higher than the actual area. : The calculated area for

nominal 90/10 :isobutane/isopentane were much worse, averaging 70%

-higher.

_For the 80/20 mixtures, when the operating pinch point was 10°F

or greater, the calculated area was less than 12% :larger than the

known:area. In general, for'pindh points less than 10°F, the
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calculated areas deviated from 10 to 600%. Based upon the .
calculational methods of this report, an increase in the operating &'j
temperature pinch appears necessary to reduceerrors in the area
to acceptable levels, particularly for the 90/10 mixture. -
7.  Additional experimental work on the thermodynamic properties
in the near-critical region appears necessary toriﬁprove the
accuracy of performance predictions for 90/10 mixtures, and for
temperature pinch poihts of 10°F or less.
8. For the hot exchanger, the correlations consistently underpredicted
~the area by approximately 20%. The results are consistent with
. other investigators14 that concluded the increased heat transfer
effect near the Transposed Critical Line is less than predicted by
standard equations. Errors in the predicted area represented
about 4% of the overall train area and appear not to introduce
unacceptable error for design of industrial heat exchanger trains
spanning the temperature interval explored in this investigation.
However, investigation of heat transfer in the near critical
region is of interest and should be pursued and more fully
understood.
9. Fouling of the brine or hydrocarbon was not measureable throughout
the duration of the’ tests.
iO. The overall heat transfer coefficients (Btu/hr-ft2-°F) varied
from 390 to 425 for commercial isobutane, 395 to 326 for the
nominal 90/10 mixture, and from 351 to 402 for the nominal 80/20
~mixture. |
Analysis of the condenser data yielded overall heat transfer coef-

ficients, shell side film coefficients, mean temperature differences, and Q ]
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tube side fouling resistance as a function of time, We found . that:

1.

2,

3.

4.

The relationship between time and fouling of the cooling water

- side as determined by measurements outlined in this investigation

was necessary for 6btaining the hydrocarbon condensing coefficients.
Assuming a wet tube wall for calculation of the mean temperature

difference, and including the desuperheating duty in the total

"condensing heat load were applicable for the test conditions

encountered.

The overall condensation coefficients for isobutane, 90/10 and
80/20 mixtures show é slight decrease with increasing isopentane
content in agreement with earlier work. 13 The condensing'
coefficients (Btu/hr-ft2-°F) for the fu11 bundle tests were 190

to 240 for.overall condensate Reynolds numbers of 600 to 2000.

The half bundle tests increased the Reynolds number to 3700 to
4900 yielding condensing coefficients of 300 to 380.

The data further confirms the departure from Nusselt typé condens-
ation as higher tube loadings are achieved. For all the data
taken, the condensing coefficient was essentially constant until
Reynolds numbers of about 3700 were reached were the coefficient
increased by 50%; No data was taken in the range of Reynolds
number from 2200 to 3700, therefore the actual departure point was

not determined.
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ABSTRACT

» Analysis of field performance data from a binary‘cycle test loop
using geothermal brine and a hydrocarbon working fluia is reported.
Results include test loop operational problems, and shell-and-tube heat
‘ exchanger performance factors such as overall heat transfer coefficients,

film coefficients, pinch points, and pressure drops. —j>
7

- Performance factors are for six primary heaters having hrine in the
tubes and hydrocarbon in the shells in counterflow, and for a condenser
hav1ng cooling water in the tubes and hydrocarbon in the shell. Wbrking
fluids reported are isobutane, 90/10 isobutane/isopentane, and 80/20
isobutane/isopentane. Performance factors are for heating each working

fluid at supercritical conditions in the v1cinity of their critical

pressure and temperature and condensing the same fluid.
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Appendix B

Heater Test Raw Data

Nomenclature

C3 ~

N-C4
I-C4
N-C5
I-C5

PI101

BR
HC

PI204

w101
TW102
TW103
TW104
TW105
T™W106

TW201

composition
composition
composition
composition
composition

of propane

of n~-butane
of isobutane
of n~-pentane
of isopentane

Brine pressure

Brine
Hydrocarbon

Hydrocarbon pressure

Brine temperature Bi-out

Brine
Brine
Brine
Brine
Brine

temperature
temperature
temperature
temperature
temperature

thrbﬁgh T™W207 same
only for the hydrocarbon

at B1/B2
at B2/B3
at B3/B4
at B5/B6
at B6-in

location as TW101 through TW207
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ISOBUTANE HEATER TEST DATA




HEATER TEST CATA RUMN FTRei
C3 (FCLE C/7(0)= .60

NUM OF EX(HENCEZRS=E€

PI108 (BE=IM)= 314.2 (PSIA)
PI108 (B4/22)= 304, ¢

PILC8 (B1-0LT)=297.1

PI2C4 (B1-It)= 6678 (PSIA)
BI204 (B1/3Z)= E60.E

PI2C4 (BZ/B3)= €51.¢

PI2C4 (B3/84)= 643.C

PI204 (B4/BE)= €33.0

PI2C4 (BS/BE)= €21.4

PI204 (BE-CLT)=60L,1
HEATER TEST CATA RUMN KTR=1
C3 (MCLE C/C)= «6C N-C4=ZofE€

NUM OF EXCHENCGEFS=€

PI108 (BE=IM)= 314.C (PSIA)
PI1(C8 (B4/32)= 304.¢
PI108 (B1<CLlT)=297.¢
PI2C4 (B1i=Ih)= 6673 (PSIA)
PI2C4 (Ei1/B2g)= 66141
PI204 (BZ2/32)= 652.0
PI2C4 (B3/B4)= 643,42
PI2C4 (B&s3E)= B£32,.¢

PI204
PI204

(ES/BE)= 62C.¢
(CE-CLT)I=€0 3,1

HEATER TEST OATA RUM +TRet

C3 (MCLE C/C)= «68C N=C4=2.%€

NUM OF EXCHENCEKRS=E

PI1C8 (BE=-IN)= 314.T (PSIA)
PI1C8 (B&4/R3)= 304.7
PI108 (B1-CLT)=297.1
PI2C4 (Bi-Ir)= €6E.8 (PSIA)
PI204 (B1/82)= 6€0.7
PT204 (F2rBl)= 651.3
PI2C4 (B3/BL)Y= 642,€
PI204 (B4/3E)= 632.¢
PI2C4L (BE/8€)= €2(.¢C
PI2C4 (EBE€-CLT)=603.¢

N=C4=2.%¢€
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CATE 14=0CT=8¢

I-C6=G6,84

N=C5=0.

TIVE G7-0C
I«CS5= (.

ER FLCW RATE (LBS/kR)= 51203.8
FC FLOW RATE (LBS/ER)= 7432444

TWi01=20¢.0
THL02=24844
TRi103=269.4
TH104=282,40
TWi105=292.1
TW10€6=310.°%
TW107=339,¢

TW2C1=13G.7 (CEG~F)
TW202=22147
TWEC 3=25€.0
THECL=2T72.7
TW2(c€=283.E
TWZ2LE=2G243
TWZL7=314,.8

OATE 14=0CTY-8C TYIME C7-1€

I=C4=96,84

N=CS=0,.

I=-C5= G,

BR FLOW RATE (LBS/KR)= 9321C.4
HFC FLOW RATE (LBS/EFR)= TL3I4cS.4

TH101=204. €
TH102=248.0
TW103=226%.1
TWi0&=281.8

TH105=232,10
TW106=31C .4

TW107=339.4

CATE 14-JCY=8C

I=C4=30.84

N=C5=0,

TW2(1=139.4 (CEC~F)
TRZ(2=221.3
THE(3=255.¢
TWZ(4=272.¢

TWZL5=283.5
TWZLE=292.2

TW2G?7=214,.€

TINE C7-3C

Y-Cc5= 8,

ER FLCW RATE (L3S/HR)= 92207.1
HC FLOW RATE (LBS/ER)= 7LBIE.7

TW101=204. 8
TH102=26L7,8
TH103=26%.2
THi104=281,.¢%
TW10E=291,.9
TW10€=303,. 8
TH107=339,2

TWE(1=13G.7 (CEC~F)
TWZ(Z=221.1
TWEL I=2E56,8
TW204=272.2
THZ(E=283.44
TH2(€=2¢%2,.0
TWZC7=314,0



HEATER TEST DATA FUN FTRe1

C3 (MOLE C/()= €0
NUM CF EXC(FENGERS=6
PI1CG8 (BE-IN)= 314,32

PILCE (EB4r8I)= 30S.C
PI1G8 (B1-0LT)=297.1
PI2C4¢ (BL-IM)= 66€eC
PI2C4 (B1/8c)= €€0.°
PI264 (B2/8B3)= 651,32
PI204 (B3/8L)= 6L2, €
PI204 (B&/BE)= 63243
PI2C4 (BE/B€)= 62C.¢
PI204 (BE=OLT)=603.¢

HEATER TEST DATA RUM
C3 (MCLE C/C)= «6C
NUM OF EXCHENCGERS=6
PI108 (BE=IN)= 313.¢
PI108 (B4L/BI)= 304,.€
PI1C8 (B1-CLT)=297,.(

I2G4 (Bi<Ih)= GEE.S

P1204 (B1/8Z)= 660.1
PI20& 1(B2/33)= 650.¢
PI2C4 (BI/BL)= ELL.C
PI204 (Bu/sBE)= 631,€
PI204 (BE/B€)= €20C.1

PI2C4 (BE~-OLT)=6U2.E

L Y N R Y e Y R L L T I I ™™ rry Y I Y P

HEATER TEST DATA RUM KTR=1 - -

C3 (FCLE C/C)= L8C
NUM OF EXCHENGEFS=<E

N=C4=2

(PSTA) -

(PSTA)

HTR=«1

N=CLzZ,5E

(PSIL)Y

(PSIA)

h-Ck:EA!E
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DATE 14-0CT<80
I-Cik=96e8% N=CS5=0.

BR FLOW RATE (LBS/KR)= 93203.8

TIME 07-4¢S

FC FLOW RATE (LBS/KR)= 7L7¢€E

TW101=205.0
TW102=247.¢
TH103=269.1
TW104=281,€
THi105=291,.8
TH106=30%.4
TW107=33%,8

J=CL=86.84 N=CSz{,

BR FLOW RATE (LBS/kR)=
FC FLOW RATE (LBS/ER)= 74472.¢

TH101=20¢%.2

TH102=248.0
TH103=26941
TH1G4=28147
TH1052291 48

TH10€=309.8

 TH1C7=339.4

CATE 14-0CT=8C
‘leaC4=96¢84

NeC5=0,

“TW2C1=14044 (CEC<F)

T“cﬂz 2‘-.(.
TWZC 3=255.8
THECL=2172.2

THWE(E=283,3

THE(€E=292.0
YWEC7=315,0

CATE 14=0CT=80 TIME (8=0C

I1-CS

THZ2(1z440.7 (CEG=F)

TW262=221,°%
TW203=2E5.¢
TWZ(4=272.4
THE(E=283.3

THZ(€=292.0

THEL7=314,7 -

TIM C8=-1F

1-C5= G.

9320084

I-C%= 0.

" BR FLCH PATE (LBS/HFR)= GI11€3,8

PI108 (BE=~IN)= 313,¢" (PSIA)
PIL108 (B4/33)= 3ou., HC FLOW RATE (LBS/ZHR)= 74€73.€
- PI108 (Bi-0OLlT)=29€.7 S » i
PI204 (BileIM)z €E€,7 (PSIA) ~ TW101=205.€ TH204=141.2 (cec F)
PI2C4 (B1/BE)="660.t - - THW102=248.3 THNEC2=221.8
PI204 (B2/R3)= 651.1 TH103=26943 THZ(2=28¢E,0
PI204 (B3/BL)= 6LZWZ T TH106=281.8 TW2L422172.€
PI2C4 (B4/BE)= 631.¢ TH105=29249 TWZ(5=283,.5
PI2C4 (BE/3¢€)= 62041 TW106=31041 TW2062292.4
PI204 (BE-OLT)=60Z.E TH107=33¢C,€ TW2LT=315.2




HEATER TEST DATA RUM HTR-1l

c3

(FCLE C/0)=

«60

NUM CF EXCHENGERS=6

PI10e
PIiCE

PI1C8

PI204
PI2C4
PI2G4L
PIZ2C4
PI204
PI204&
PI2C4

(BE«Ib)= 313,°F
(B4s83)= 0L
(B1-0LT)=29%¢€.¢

(B1-Id)= €66.1
(B1/8¢)= 65¢.7
(B2/83)= 650.¢€
(B3/B84)= 642.C
(E4/BE)= 63147
(BE/3€)= 620.C
(BE-CLT)=€0C.¢

N=C4=Z.%E€

(PSIA)

(PSIA)

HEATER TEST DATA FUMN KTR-1 -

C3

(FOLE C/70)= 46C

NUM OF EXCHEINGERS=E

PIige

PIics
FI108

PI2C&
PI2C4
P1204

PI2C4
PI2GY
PI204&
PI2C4

(BE=IM)= 313,.4

(B4sBI)= 3CL.E
(B1«0LT)=2G€ &

(Bi=-IM)= EGES.7
(B1/B&)= €59.¢
(B2s3%)= 650.1
(E3/B4)Y= 641, ¢
(B4/85)= 631,13
(BE/3€)= €1C.€
(BE-CLY)=6GC.2

KNeCLz=2et6

(PSIA)

(PSIA)
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CATE 14-0CT=-8¢ TIME C8=-3¢

I=C4=%6¢84 N=CS=0,

I-CS

C.

BR FLOW RATE (LBS/KR)= ©3192.1
HC FLCW RATE (LBS/KR)= 74391.0C

THL01=20547
TH102=24L84 4
TW103=269.3
TWL04=281,.7
TH105=231.7
TWi1C€=310.0
TH107=33%.4

TWZC(1=14l.4 (CEC=F)

THE(2=221.¢

THZ03=2E¢€.0
"TRZ(4=272.5

THZ(S=283 44
THZ(62262.0
TRZ(7=313.8

CATE 14-0CT=-8C TIML C8=4F

I-CQ=96.SQ

N=C5=0,

1-C5= (.

BR FLCW RATE (LBS/HK)= 9218€.2
HC FLCW RATE (LBS/ER)= 74292.%

TW101=20€.1
TH102=248.¢
TW103=269.3
TW1C4=281.€
TH105=231,¢
TWi0€=30¢C. €
TW107=338.7

TH2(1=214243 (CFG=F)

TRZ(2=2223
THNE03=2C€.0
TH2EL=272.5
TWeCS=28343
THZ(€=291.8
TH2(7=313.7

LYY XYY R Y PYLY R TR R R R RN YL R R LA R Y L R R YL L ERE LA A B K A A L A L A A

HEATER TEST CATA RUM FTR=2 DATE 14-0CT=-8C TIM 10-QC

C3 (FCLE C/C)= (6( NeClU=z2+%E T=Cl4=z=C%6484 N=CS5=0, I-C5= 0.

NUM OF EXCHENGERS=E

PI1CE

PIi08
pIicse

PI204

PI2CY4
PI20&
PI204
PIagu
PI2GY4

PI204

T YT TR T WP REPFRYPYF YRR PR YRR R YL Y RSP Y REY R LR PR PP P PN FEEY Y 2 )

(BE=IM)= 312.°%
(84/83)= 303.3
(B1-0LT)=295.7

(E1=IN)= €55.0
(B1/82)= €%C. ¢
(B82/83)= 644¢3
(B3/3L)= €638.4¢
(B4/EE)= €2¢.E
(BE/BEY= 61€.8

(BE=CLT)=€01.1

(PSIA)

(PSIA)

€R FLOW FATE (LBS/ER)= 923€G.0
HC FLCW RATE (L8S/HR)= €(EZE.E

TW101=217,8
TW102=263.8
TH103=2824.4&
TW134=293.2
TW105=30¢C.¢
TH106=32744
TH107=33%:4

THZ2C1=12044 (CEG=F)

YH2(2=23€.7
TWEG3I=270.8
THZL422ES.0
TWZ(5=293.5
TRZ0€=310.4
TRS0T=321.0



HEATER TEST OATA RUMN HTR~Z

C3 (MCLE C/7C)= o60C

NUM OF EXCHINGERS=6

PI1CSH
PI108
PI108

PI204

PI2CL
PI2CY
PI204
PI204
PI204

1204

(BE=-IMN)= 31244

(B4/33)= 3031

(B1-0LY)=2%E.€

(Bl=IN)= 65¢,(
(B1/8¢)1= 65C.C
{(B2783)= E4I.€E
(B3/734)= 637.€
(B4/BEY= €2C.¢
(ES/B€)= 61€43
(BE=OLT)=601.0

(PSIA)

(PSIA)

HEATER TEST DATA RUM +TRe=Z

C3 (rCLE

CIC’t .60

NUM CF EX(F‘NG‘FS-G

PIiCS

PIL108
PI108

PI2C4
PI204
PI2C4
PI204&
PI204
Pi2C4
PI204

HEATER TEST CATA FRUM FTR-Z

(B6=IM)= 312.¢

(B4s83)= 30340

(81-01T)=295.,5

(B1-It)= 654.¢
(B1/8¢)= 650.0
(B2/BI)= 643.5
(B3/BLY= 637.¢
(BLsBE)= 628.¢
(BE/BE)= 61€.°5
(BE«CLT )=600.¢

C3 (FMCLE C/7C)= .60

NUM OF EXCHEZNCERS=zE

PI1CS8
PILCSE
PIL106

PI2CH

PI204
PI2C4
PI20C4&
PI204
PI2C4
PIZ2C0&

(BE-IN)E 31244
(B4/B3) =303,

(B1=-CLT)=29%.¢

(B1=It)= 654.¢C

(81/3Z)= 65041
(B2/B3)= 64347
(E3/8L)= 63745
(84/85)= 62¢42
(BE/BE)= 61€.€
(BE-OLTI=6014%

N=C4=Za.%E

(PSIA!

(PSTA)

N=C4=2,.,¢€
tesTay

(PSIA) .
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NeC4=2,S€ I=C4=26,84 N=(5=(,

ER FLOW RATE (LBS/ER)=
HC FLOM RATE (L8S/KR)= 6C4TGa1

TW101=218,1
TH102=263.7
TH103=282.¢
TH104=293.3

 TW105=306.3

IN10E=328,3
TW107=33%.4

- DATE 14-0CT-8¢C

I«CL4=96+84 N-CS5=4(.

CATE 14=0CT-8C TIMt 10-3C

TWZ(1=131,.0

TWE(2223€.7

TH2(G3=27049
YHZ04=28E,0
THEGE=223.5

TWZ0€E=310,9

TNZ2(7=328,8

TIME 10=4€

- TeC5= e

Gl3Eu.S

(CEG-F$

" I-C5= Q.

ER FLOW RATE (LBS/FKR)= 933€6.3
FC FLOW RATE (LBS/ER)= €CALT7L4L.E

TW101=218.4
TH102=263 .9
TH103=282.5
THL04=293 44
TH105=306€.0

- TW10€=328.0

1072339 4%

1=C4=%6.84 N=CS=0,

ER FLOW RATE (LBS/FR)=
FC FLOW RATE (LBS/ER)=

THL01=218.0

THW102=263.7
THW103=282,.3

. TH104=293,1

TH10S=305.¢€
TH106=3274

- TH107=338,8

CATE 14=0CT-80 TIME 11=0C

TWZ02=23€47

. LA L A B R 4 X A T X % N B & 7 K T X & & E & X L X L X N B 1 ¢ X L E 2 T 1 B ¥ & B ¥ R L B £ 4 & XK L X L % A X X ¥ & & 2 ¥ N N % ¢ ¥ % 1 N J

TH2(1=13140 (CEG=F)
THZ02223€.5
TH2(3=270.9
TWZC4=285.2
THZ(E=293.5
TH2CE=311.0
TW2L72328,1
1-C5= 0.
9336544
€0ETLT7
THZC1=131.€

(CEC=F)

THECI=270.7 =~

THEO 4=2B4,.9

TWZ(E22C83 44

TW2(E=310.2

THZ(7=310.1




HEATER TESY DATA FRLM ETR=2

C3 (MOLE C/7C)= .6¢C
NUM CF EXCHENCEFS=€E

PIice (B6~-IM)= 31Z.2
PI108 (B4/B2)= 30340
PI1Cs (B1-0LlT)=29E%.4

PI204 (El<IM)= 65,2
PI204 (B1/BZ)= BLC.1
PI2CL (B2/Bl)= 642.4€
PI204 (B3/8L)= €E3€43
PI204 (B4/BE)= 628.1
- PI204 (BES/BE)= 61547
PI204 (BE=OLT)=600.4

rrrrrrryxyxxrrxrryryr YR YRR R AL R LR Y R R LR L R AR 4 L XA KL AL A AL LA AR A A AL & BN

N=Cl=Z,%€E

(PS18)

(PSIA)

HEATER TEST DATA RLN HTR-gZ

C3 (MCLE C/7C)= .60
NUM OF EX(HENCERS=E€

PIL1C8 (BE=IM)= 312.°¢

PIL1G8 (B4L/B2)= 303.¢&
PI108 (B1-0LT)=295.7

PI204 (Bi1-I})= 65347
PI2CG4 (B1/Bc)= 64S.3
PI2C4 (B2/BI)= 6LZ.E
PI204 (B3/8&)= €3€.S
PI204 (B4sBE)= 62844
PI204 (BS/BE€)= 616.(
PI204 (BE=OLT)=600.2

YIRS EE YR YT R YT Y YRR R L R PR Y R R P L P 0 L O 2 X N 2 K 2 & L I & B 1L B LA R L L B L B d b d d Bl il

N’C“=2056

(PSIA)

(PSIM)Y

HEATER TEST OATA KUN FTR=2

C3 (MCLE C/C)= J6C
NUM CF EXCHENGERS=E

PI108 (BE-IM)= 312.€

PI168 (B4/EI)= 303.c¢
PI108 (B1=CLT)=2SE.8

PI2C4 (81-IM)= €53,.2
PI204 (81/8Z)= 64%9.1
PI204 (B2/BI)= 642.€
PI204 (B3/BL)= €3€,.5
PI204 (B4/3E)= 62841
PI2GL (BS/BE)= 61641
PI204 (BE=CLT)=600.8

N=C4=¢.t

(PSIA)

(PSIA)

CATE
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I-C4=96,84

ER FLCW RATE (LBS/FR)=
#HC FLOW RATE (LBS/ER)=

TH101=218,.0
TH102=263.¢
TW103=282,1
TW104=292.47
THi105=304.C
TH106=32647
TW107=338.8

CATE 14=-0CY-81(

I-CL4=96.84

ER FLOW RATE (LBS/HKR)=
HC FLOW RATE (LBS/FKR)=

TH101=218,.2
TH102=26347
THiC3=282.0
TW104=232.7

TWICS=304Le &
TH106=32€.3
TH107=338,.8

I-C4=96,84

ER FLOW PATE (LBS/FR)= S23€1.9
KC FLOW PATE (LBS/FR)= €C8E2,3

THi0i=218.2
TH102=263 ¢4
THW103=281.9
TH1G4L=292.2
TW10E=304.0
TH10€=325.¢
THL107=338.1

NeC5=0,

NeCS=0.

N-C5=G.

‘44=0CT=8C TIML 11-2%F .

TWZ(1:21231,9 (CEG=F)

TW2(2=23€.€
THWZ63=270.5
TH2C4=284.7
THNZ(5=293.0
TW2CE=30Q,.1
TH2CT7=328.4

TIME 11-3C

TW21=132.9 (CEC~F)

Tw:02-23£..
THECI=270.5
THZC4=284,.7
TWZ(5=229C«9
THRZ{6=308.5
THE(7=328.€

CATE 14-0CT<80 TIM 11-4S

TWZ(1=132.€ (CEG~=F)

THWEC2=23€.€

THW2(3=270.3"

THEZCL=28La 4
THZ(E=222.€
TW20€=307.9

TW207=232847

T-C5=

g3365.4
€03CE.S

I-CS

\.}
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HEATER TEST DATA RUM FHTR=3 CATE 15-0CT-8( TIVW 11-1%

C3 (MCLE C/7C)= (6. NeCl=Ze%€ J=Clk=06,84 NeC5=0, "IC5= 0,

NUM OF EXCHENCGERS=4
ER FLCW RATE (LBS/FR)= 93508.¢€

PIL1C8 (EBE=~Id)= 307.7 (PSIA),
PI108 (B4/82)= 3034€ HC FLCW RATE (LBS/KR)= 38€5S5.7
(B1-CLlT)=2S€E.C = :

PIice

PI2064 (E1eIN)= 640e1 (PSIA)  TH101=25G.€ -

TWE(1=127 4 (CEG=F)

PI204 (B1/EZ)= €38.¢ TW102=305.2 THEC2=280.8
PI204 (B2/783)= 632 -1 TW103=331,¢€ THZC3I=31C.€
PI2C4 (BI/34)= €25 TH1C4=339.0 TWZ(4=333.3
PI2C4 (B4/BE)= 617.5 THW105=3364¢ TNZ(E=337.9
PI204 (BE/B€)= €0CS.( TW10€=32247 THECE=33 bl
PI2CL (BE-CLT)=601.¢E TN187=311.3 TH2L7=333.2

HEATER TEST CATA RUM HTR=3 DATE 15-0CV-8C TIVM 11-3C

C3 (FCLE C/C)= +6C N=Cl=Zef€ J=C4=96484 N=C5=0, I«CS= 0.

NUM OF EXCHFENCERS=U

ER FLOW RATE (LBS/ER)= 93877.2
#C FLCW RATE (LBS/kR)= 3£€11.°

PI108 (BE«IN)= 307.€ (PSIA)

PI108 (B4/sB3)= 303.7
PI1C8 (B1-0LlT)=2%€.0(

PI204 (BleIM)= 63S¢4 (PSIA) TH101=250,4 = THEZC(1=126€.4 (EEG-F)
Pr2C4 (B1/sBC)= 637.5 ‘ TH102=306.€ THEG2=281.€

PI204 (E2/B3)= €32.4 - TH103=3324 4 THhZC3=31€.¢

PI204 (B3I/34)= 625.1 TH104=338.9 THZ2(4=333.8

PI2C4 (B4/BE)= 617.C TH105=3364 & THE{E=337.9

PI204 (BE/SE)= 60E.E TH106=3224 ¢ THZCE=334.0

PI2Cé (BE-CLT)=601.7

HEATER TEST DATA RUMN HTR=3

C3 (FCLE C/7()= 60

NUM CF EXCHEINCEFS=4

.Cl.‘

CTH107=310.¢

JeC4=G6484

‘NeC5=0,

THE(T=333.C

 DATF 15=0CT=8C TIML 12=32

I=-CS5= G,

‘BR FLOW SATE (LBS/KR)= 9ZS5g8.8

PILC8 (BE=It)= 312.4 (QSIA)G, ‘
o HC: FLCW RATE (LBS/ER)= 44S02.7

PIiOSV(BHIB’)- 303 -1

PI204 (Ble1M)= 64EJL (PSIA) ~ ~ TW101=269.0 - TWZ(1:128.1 (CEG-F)

PI20L (B1/BZ)= B4S.E. - IW102=293.¢ TWZ(2=2€E%.4
PI204 (B2/91)= 6Li.k © . TN103=31€67 TWZ(3=2€844
PI204 (B3/3L)= 633.€ . TH104=332.¢ TH2(4=2322.¢%
PI2CL (B4/BE)= €23.C . TH105=335.0 THZC5=334ab

PI204 (BE/EBE)= 612.7
PI204 (BE~OLT)=6023.2

"TW10€=338,8
"TW107=33S,.¢

TW20€=33C.4
TH2(7333€.€
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HEATER TEST DATA RUM HTR=3 CATE 15-0CT-8( TIVM 12-LE

C3 (FCLE C/C)= 60 NeClzZe$€ I=C4=z96,84 N=C5=0, 1-C5= 0, _
NUM CF EXCHENGERS=4 o
PI1G8 (BE=IM)= 312,% (PSIA) - ER FLOW RATE (LBS/HR)= ©2777.4
PI108 (BL/33)= 303.2 FC FLCW RATE (LBS/KR)= 4LSEI 4 -
PI108 (B1-0LT)=295.7 N .
PI204 (B1-It)= B47.E (PSIA)  TH101s24941  TW2(1=138.7 (CEC~F)
PI204 (B1/82)= E4E.1 | TH102:293,3  TWZ(2=2€8.9
PI2G4 (B2/83)= 64O, ¢ TH103=31€.4  TWZ03=298,.4 .
PI204 (83/84)= 63344  TH104=332.€  TWZ(4=322.€
PI204 (BL/BE)= €22.%  TW105=335.1  TWZ(5=33&.7
PI204 (BS/BE)= 612.6 TN10€=338,9  THZ(E=335,8
PI204 (BE=CLT)=602. ¢ TH107=339,2  TW2i7=337.1
HEATER TEST DATA RUMN HTR=3  CATE 15-0CT=80 TIME 13-0f
C3 (MCLE C/CV= .6€ N-Cl=zZef6 I-Ctz=96484 N=C5=Ce I-C5= .
NUM CF EX(HENCEES=
PI1d8 (BE=IM = 312.1 (PSIA) ER FLCW RATE (LBS/¢F)= 92592.8
PI108 (B4/B2)= 30Z.€ KGC FLOW RATE (LBS/KR)= 4L9E€Z.7
PI108 (B1-CLT)=29%,1 |
PI204 (BieIN)= B47,7 (PSIA) TH101=248,8 ~ TH201=139,0 (CEG-F)
PI204 (B1/BZ)= 64542 TH102=293.€6  TWZ[2=2€9.1
PI2C4 (B2/B3)= E4T.E TH103=316.2  TW2(3=296,2
PI204 (B2/3L)= 632, ¢ THi04=332.8  Tw204=323.1
PI204 (B4/BS)= €22.2 TW105=334.€  TH2(5=333.€
PI204 (BS/BE)= 611.Z TH106=338,4  TWz(6=335.4
PI204 (BE=OLT)=601,¢ TH107=338,7  TW2(7=33€.6
HEATER TEST DATA RUN KTR=3 CATE 15-0CT-8C TIME 13-1€%
C3 (MOLE C/C)= «6G K-C4=Z.f€ I-C4=9648& N=C5=0.  I-C5= GC.
NUM CF EXCHENGERS=4
PI108 (BE=IM)= 312.3 (P3IA) ER FLOW RATE (LBS/ER)= 9Z776.4
PI108 (B4/23)= 30246 FC FLOW PATE (LBS/EF)= 4LS44,1 -
I108 (B1=0LT)=29%.4 - - )
PI2G4 (B1-Th)= E47.€ (PSIA) TH101=249.0  TW2(1=139.,3 (CEG=F)
PI204 (81/32)= 64S.1 TH102=293.4  TWZ62=2€9.1
PI2C4 (B2/E3)= €40.2 TH103=316.2  TWZ(3=2G9842
PI204 (B3/8L)= 63344 TH104=332.%  TH204=322.8 _
°1204 (B4/BE)= 62244 TH105=335.0  TW2(5=334,2 T
PI2C4 (BE/2€)= €11.6 TH10€=33848  THW2C€=335,€ -/

PI204 (BE=0LT)=60243

TH107=338.¢

THZ07=33€.% -
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HEATER TEST DATA RUM HTR=S -CATE 15-0CT-8C TIME 16-0(

C3 (MCLE C/C)= 60 N=Ci=2,t€ J=Clz=96,84 Ne=C5=0, I-CS5= G

NUM CF EXCHINGEFS=€

PI1G8
PIiCE

(E€=IMNY= 27€¢,€ (PSIA)
(E4/B2) = 2€9.(

BR FLOW RATE (LBS/KHR)=102517.2
#C FLOW RATE (LBS/rR)= 81€08.,1.

PI1C8 (B1-0L7)=260s¢

PI2C4 (Bi-IM)= 67€«C (PSIA). TW101=207.¢ THZ2(1=152.0 (CEC-F)
PI2CL (B1/BZ) = 66BE.2 S L TW102=24€e2  TW2(02=221,.7

PI204 (B2/83)= 65€E.€ TH103=267.1 THE03=2E3,€

PI2L4 (B3I/BL)= BLELC TH104=273.9 THEGLU=2T70 .4

PI2GL (B4/BE)= 63344 TW105=290,2 THECE=281.5

PI204 (BE/3€)= €1%.€ TH106=307.€ THE(€=290.3

PI2CL

(BE-CLT)=59¢C.C

TH107=33%.¢

TWEC(7=310.9.
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HEATER TEST DATA RUM KTR=5 DATE 15=-0CT=-8C TIME 1€E-1%5

C3 (MCLE C/C)= o6C KeCbzZef€ TaC4=96e84 NeC5=0e 1-C5= 04
NUM OF EXCHZNGERS=6€

PI108
PIiC8

(BE-I$)‘ 28441 (PSIA)
(847833)= 2€¢<. L

ER FLCW FATE (LBS/#R)I=1062340.0
HC FLOW RATE (LBS/KR)= 8322%.€

C3 (FCLE C/7C)= «4FD

NUM OF EX(H‘NGERS:&

ﬂ‘CQSZQEG

I«C4=96s84 N=C5=0.

PI1C8 (EB1-0LT)=260.¢€

PI204 (B1-IM)= 67€41 (PSIA) TH101=207 € THZ{121C248 (CEC~F)
PI2Cy (B1/8C) = 6E8.2 : TH102=24642 THEC(2=221.7

PI2CG4 (B2/B33)z 65€47 TH103=267.3 THW2032253.9

PI2C4 (B3/BL)= 6LELL TH104=279.¢ THECU=270.3

PI204 (EB4/BE)= 633,.¢€ TH105=23C42 THZ2{E=281,€E

PI2C4 (BE/BE)= €61¢S.€ TH106=307.8 TREL6=2290.4

PI2C4 (BE=-CLT)=5C¢C.5 TH107=339,¢ TWEC7=310.¢

HEATER TEST DATA RUM KTR-E CATE 15-0CT<8C TIME 1€-3(

PIL0G8 (BE=Ih)= 280.C" (PSIA) SR FLCW RATE (LBS/RR)=102162.€ -
PIL1C8 (B4/BI)= 269.1 FC FLOW RAYE (LBS/ER)= 83448.5
PI108 (B1-0LT)=261.c ’ : o -
PI2C4 (Bi=-Ih)= 67S.¢ (PSIA) TH101=207.7 TWe(1=182.2 (CfG~F)
PI2G4 (B1/%c)= 667- TH102=24Ee 4 THeG2=221.¢

PI204 (BZ/B3)= BSE€. & TH103=267.3 THE03=253.8

PI2C4 (B3sBL)= ELS.E TH104=279,.¢ THEL4=270+4

PI204 (BL/BE)= €33.c¢ TW105=29042 TWZlE=z261,.¢

PI204 (BE/BE)= B1CSeE TW10€=307.8 THZCE=29C 44

PI204

XYY XYY EYYREEIY AR PRI DXL Y Y Y AN YA Y Y Y YA TREYY Y L K LA AR AL R L R

(BE~CLT)=5¢2C.C

TW107=339.¢€

THECT=311.C

I-C5= 0.




HEATER TEST DATA FUN KTReS
C3 (FCLE C/7()= 61 N-Ci&s=¢
NUM CF EXCHENCGERS=E

PILCe

PIiC8
PIL108

(BE=IN)= 28041 (PSIA)
(B4/E3)= 269.2
(B1<0LT)=26144

PI2C4
PI204

(B1-It)= 67E4L

(PSIA)
(81/32)= 668,2 ‘

PI2C4 (B2/EB2)= 656.E
PI2C4 (B3/84)= BLE.4
PI204& (B&/BE)= €334
PI2CL (BE/B€)= €2C.1

PI204 (BE=0LT)=58C.4
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HEATER TEST CATA FUN HTRe5
€3 (FOLE C/C)= .60

NUM CF EX(HENCERS=E€

PI1C8 (BE=IN)= 28BCG.1 (PSIA)
PI1C8 (Bu/82)= 26%.2
PIL108 (B1-CLT)=261.L
PI2C4 (Bi-IM)= €7E8.4 (PSIA)
PI204 (B1/3Z)= 667.¢&
PI2C4 (B2/B3)= 65€.F

PI204

PI204&
PI2CY4

PI204

(E3/7EL)= BL4E,L1
(B4/3C)= 633.¢€
(E€/8€)= 620.1

{(BE-CLT)=5G¢,7

HEATER TEST CATA FULMN FTReE
C3 (FCLE C/7C)= €L N=C4=2.FE

NUM CF EXCHENCGEFS=€

PIL108 (BE-IN)= 27CS.S (PSIA)
PI1(8 (B4/BI)= 26¢C.1
PI1G8 (B1«0LT)=261.2
PI2C4 (Bi-ItM)= E675.¢ (PSIA)
PI204 (B1/8Z)= 667.¢&
PI204 (E2/B3)= 65€.7
PI204 (B3/8L)= 6LE.1
PI204 (BL/3S)= 633.F
PI2C4 (BS5/8€)= €1CS.8
PI204 (BE-OLT)=59¢.3

B K L & & A & B L L X L X X K 1 L &4 N X X XXX LELIEXERZELELF L REYYYYEREYEYELEXREEYTREYYELELLELLYRREERREERYXZXT N J
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MNeClz=2,tE

- -148-

CATE 15-0CT«8C TIME 1€=4f

‘I=C4=96484 N-CS=(,

I=C%= Q.

ER FLOW RATE (LBS/kKR)=10¢1%¢.¢
KC: FLCW RATE (LBS(&R)f 82182.5

TW101=207.¢
TH102=2464 €
TH103=267 o &
TH104=28040
TH1GE=290 ¢4
TH106=308.0
TH107=33%,8

CATE 15-0CT-8C

TWZ(1=152,.3 (GEC F)

THZ02=222.0
THWZC 3=2%3.8
THELu=270.5
TWZ2(E=281.¢€
THWE(E=290.4
TH2C7=311.0"

TIVE 17-0C

I’cu=96.3“ N-CS:&. I-CS: e

ER FLCW RATE (LBS/KR)=102332.7
HC FLOW RATE (LBS/HR)= 82917.3

TH101=208.1

TH1G62=2464€E
TW103=267.¢
THL104=279.9¢
TN105=290.2
TH106=307.5

TW107=339.3

TWZ(1=1%2.4 (CECG~F)
TWZ02=222.1
THZE3=254.0.
THEOL=2T70.5
TWZ(E=281.6€
TH2(6=290.3
TWZC7=31C.8

CATE 15-0CT-8C TIM: 17-1%

I=-C4=96.84

N=-CS5=(,

I-C5= G,

ER FLCW RATE (LBS/HR)=10c30.8

KC FLCW RATE (LBS/tF)=

TW101=208.1
TW102=24LE.E
TH103=267.5
TH104=280.1
TW10E6=290.3
TWL106=307.7
TW107=338.4&

82938.1

THWE(1=152.2 (CEC-F)
TWZ02=22243
TH2( 322540
TH204=270.6
TW2(E=z281.7
TWZCE=290.5
THEC?7=311.0



HEATER TEST CATA FLN HTR=S
C3 (FCLE C/C)=

60

NUM CF EXCHENCERS=€

PI1GE -
(BL/BI)= 2€S,7

PIt08
pIics

PI2G&
PI204
PI2C4&
PI204&
PI204
PI2C4
PI204

HEATER TEST OATA RUN FTReS
C3 (MCLE €7C)t +6€ N=C4zZefE T-C4236e84 N=C5=0.

(B6=IN)= 280.¢L

(B1-CLT)=2€4.¢

“(Bl=IM)= 67C.2

{(B1/32)= 6€ET.3
(B2/s83)= 656.1
(B37BL)= €LS,€
(B4/8€)= €334
(BS/BE)= 61¢.7
(BE=OLT)=5CC,E

NUM OF EXCFHENCGEFS=€

PI1C8

PI1C8

pPILCE

PI2C4
P1204
PI2C4
PI2C4
PI2C4
PI264
PI204

HEATER

€3 (MOLE C/7C)=

(BleIM)=

(BE=It)= 28C.€E

(BL/BY)= 26543

(B1-0LT)= 261.&

€7E.8
€6E,4(
557(0
6L Es b

(B1/82)=
(B2/83)=
(g2/8¢)=
(B4/BE)= 6334 ¢
(B5/8€)= 62041
(BE=OLT)=59C, 8

JEST CATA RUN FTRep

60

NUM CF EXCHENCGERS=€

PI1Ce

PI1G8

PIL08

- PI264
PI2C4
PI204
PI2G4
PI20C4&
PI2G4
PI204

‘NeCk=2s €
(PSIA)

(PSTA)

{PS18)

(PSIA) . TH!
S TH102=247 40

N-C&‘C..é

(BE=IN)=:25248 (PSIA)
(B4/BI)= 24Z4E . -

(BL1=0LT)=234el

(BleIb)= 65Z.€

(B1/82)= 6LI,
(B2/8)= 631.E
(E3/BLY= 62047
(B4/BE)= 60841
(BE/BE)= SS3,.¢&
(BE=OLT)I=571.C

(PSI3) -
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CATE 15-0CT-80 TINE 17-3C

‘I=CL=96+ 84

H=C5=0.

I-C5= 0.

ER FLOW RATE (LBS/RR)=192507.4
HC FLOW RATE (LBS/HR)= 8Z€S2.8

© TWN101=208.1

TH102=246.¢C
TH103=267.€
TH104=280.1
THN105=290.¢
TH106=307.%
IN107=339.4

THE(1=152.1
TH202=222e 4k
TRZC3=2%4.1
TWZCL=2T70,8
TNZ(5=281.7
THZ(E6=290.5
TWEl7=310.9

"CATE 15=0CT=80 TYINME 17=4%

(CEC~F)

I-C5= Q.

ER FLCW PATE (LBS/FR)=102504.3

" HC FLOW RATE (LBS/FR)=

TH101=208.2

TH103=267.7
"TH104=28042
TWi106=290.4
THW1G6=307.€
TH107=339.1

CATE 1€=0CT<8¢(:

I=-C4=%6.84

- THE(1=1%2.1
TWE02=22245
TREL3I=254.2
THECL4=270,.8
THE(E=281.8
TWEC6=2CS0.5

THWECE7=311.1

TIME G7<3C

NeCE5=0.

18269540

(CECGeF)

I1-C5= ¢

ER FLOW RATE (LBS/FR)= 9€412.2
FC FLCW RATE (LBS/FR)= B€4S7.1

TN101=201.7
TH102=239 ¢4
TH103=260.5

- THNL0L=2T 443

TH105=285.3

" TH106=304.0

THL107=343,€

THWe(1=1%1.6
THZ02=214e3
TWZC 3=24E.E
THZO4=2€4e0
TWE(E2276.0
TRZ2(E=28C.7
TWZC7=308,7

(CFC F)
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HEATER TEST DATA RLM HTR=E CATE 1€=0CT=8C TIME C7-45

C3 (FOLE C/7C)= +6C  N=C4=Z.%t€E I~-C4=96.84 N-C5=0. I-C5= Q.

NUM OF EXCHENGERS=6€

ER FLCW RATE (LBS/hR)= 95231.1

PIL108 (BE=IM)= 252.3 (PSIAY
' - FC FLCW RATE (LBSIhR)z 86?&1.5

PI108 (B4/82)= 242.1
PI108 (B1-ClT)=23443
PI204 (El1«IM)= 653,2 (PSIA)

TW101=201,7 TH461‘151¢7 (CFC-F,

PI2CL (BisBc)= 644ac
PI2C4 (B2/BI)=-6324¢
PI20&k (B3/8&4)= 621.2
PI2C4 (B4/BE)= 608.F
PI2C4 (BE/BE)= 594,.1
PI204 (BE~OLT)=571.¢

‘TH10E2=239.2
THW103=26044
TR104=274.1
TH105=285,.2
TW106=303+8

TH107=343 ¢4

THZCZ2=224:4

TWZ03=24€sb - .
TH2CL4=2€3,9

THZ(5=275.9
THZLE=285,5
TH2(7=308.€

’ P T T I Iy ryrxxxyrxyxyrrer xR R R X R R L R E Y R SR L X X RN LA AL ERLYT R LESLRNENLSLNLL A

HEATER TEST DATA RUM KTE-€ DATE 1€-0CT=-8C  TIWL C8-0(

C3 (FMCLE C/()= 46C N=CL=Zet€ I=C4=96484 N=C5=0s I-C5= 0,
NUM CF EXCHENCERS=E

PIL1Ce (BE~Ir)= 25i.¢ (PSIR) ER FLOW RATE (LBS/HR)= Gc228.4
PI108 (B4/BI)= 241.S FC FLOW RATE (LBS/HR)= d€701.0
PI108 (B1-0LT)=234.C

PI204 (BieIN)= €52,G (PSIR) TW101=201,.¢ TWZ(1=1%2.0 (CEG=-F)

PI2C4 (B1/BC)= Bhkec
PI2CY4 (E2/83)= €32.32
PI2C4 (B3/3L)= 621.C
PI204 (E4/BE)= 608.1
PI2C4 (BS/BE)= 593,.¢&

PI204 (BE=OLT)I=E71.3 TW107=3434¢ TW2C7=308.5
HEATER TEST CATA RUNM FTR=E CATE 1€-0CT-80 TIMEL (8-if
C3 (MCLE C/C)= +6C N=-C4=2.5& I=-C4=96.,84 N-C5=0. I-C5= €.

NUM OF EXCHENCEFS=z€E

TH102=239,2
TH103=26044
TW104=274,.0
TH105=285.2
TW106=303.8

TWE(2=214.5
TWZ03=24€.5
THECL=2€3 .9
THE(S=275.9
TWZCE=2E5,5

PI1C8 (BE~-IM)= 251.¢ (PSIA) ER FLCW PATE (LBS/FR)= CtEEE.C
PI108 (B4/B2)= 241, ¢ +C FLCW RATE (LBS/HR)= REETO.L
PI16G8 (B1-0LT)=233.¢ : :
PI204 (Bi-It)= 651.¢ (PSIA) TW101=201.8 TWZ2L1=1%2.2 (CEG=F)

PI2C4 (B1/3c)= €64lec
PI2C4 (B2/s/B2)= 631.2
PI204 (BI/3L)= 61¢.E
PI2C4 (B4/BE)= €07.2
PI2C4 (BEsBE)= 593,23
PI204 (BE=CLlT)=57043

YTz R X R R Y R R LR LR L L R LA T LR LA LA K L AN R AKX A L KN

TW102=239.1
TH103=260.2
~TW104=273.¢
~TW105=2844¢
"TW10€=30344
TW107=34L3,.2

TWE(2=214.5
TWEG3=24E.2
TW204=2€347
TH2(5=275.¢€
TWECE=28543
THWZ2L7=2307.9"
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HEATER TEST DATA RUMN HTR=6 DATE 1€-0CT=-BC TIM €8-3(C

C3 (FOLE C/C)z 460 NeCkz2,%€ I=Cl=96484 NeC5=0, 1-C5= 2.
NUM OF EXCHENCEKS=6

PI108 (BE=IM)= 2B81,% (PSIA) BR FLOW RATE (LBS/HER)= SEBEE.S
PIL1C8 (BL/E3)= 24i.¢ - tC FLCW RATE (LBS/KK)= BEEEC.E -
PI1C8 (B1«0LlT)=233,7 SR , -
PI2C4 (Bi-IM)x 651.2 (PSIA) = TH101=201.8 THZ(1=152.3 (DEG=F)
PI2C4 (B1/BZ)= 64ce L ‘ TH102=23%.0 THE(2=214.4 '
PI204 (B2/sBI)= 630, ¢ TH103=260.14 THNZ03=24E.2

PI2C4 (B3/BL)= 61S.° TH104=273.7 TR204=2€3.6

PI204 (E4/BE)= 60€E.E TH105=284,.8 THWECE=275,.€

PI204 (BE/BE)= 592.3 TWi106=303.0 TH2(€=285.2

PI204 (BE-CLT)=56¢C.¢ TH107=342.7 THECT=307.5

2 T X A X XX XS AR NKZ L L & 2R L L LAY R XL XYY Y X R XX I XX LR X X 2 L K 4 & K& B X B 0 A 2 L N J

HEATER TEST DATA RUN FTR-€ OATE 1€-0CT-8C TIME CE-&E

C3 (MOLE C€/C)= 60 NeCizZef€ IeCl=96484 NeCS=0, -1«C5= 0,

NUM CF EXCHENGERS=6

PI108 (BE=IN)= 25Z.1 (PSIA) BR FLOW RATE (LBS/HR)= 9S044.3
PIL1C8 (Bu4/BI)= 24147 EC FLOW RATE (LBS/kR)= 8€130.7
PI108 (B1-0LlT)=233,7

PI264 (Bi-IM)= 6%51.1 (PSIA) TH131=202.0 THZ(1z1C2.4 (CEG=-F)
PI204 (B1/Bc)= 6Lciec TH102=239,0 TH2G2=214.5 '
PI204 (BZ2/83)= 63044 TH103=26042 THEC3I=24Ee

PI2C4 (B3/BL)= €1C.¢ TH104=2T73.7 THELL=2€3.€

PI204 (B4&/BE)= 60€47 "TH105=284.7 THECE=275,.5

PI2C4L (BE/BE)= B59Z.¢ THW106=3024 4 TREZ(€E=2E5.1

PI2C4

-...‘......‘..6-‘.‘.-..-.-... Y IR RPN YRY YRR YRR AR RE R 2R L 2 W J

HEATER

C3 (MCLE C/(C)=

(BE=OLT)=570.¢

TEST DETA KUM FTR=E

s€0 N=C4=2

THL07=34L2,2

DATE 16-0CT=8¢

1=CL=964 84

N=C5=0.

TW207=307,.4

TI¥ €3-CC
I-CS= Q.

NUM CF EXCHENCEPS=E

PI108 (BEeIM) =z 25141 (PSIA) - - BR FLCW RATE (LBS/HR)=z S€ZZ0.5
PI108 (B4/83)= 241 FC FLCW RATE. (LBS/FK)= B€333.4
PI108 (B1<CLlY)=23343 ‘ ' ’
PI2C4 (Bi1eIP)=z €51.2 (PSIA) -THW101s202.2 THE(121%2.8 (CEG~F)
PI204 (Bi/BZ)= Bule7 SR TW102=239.4& "TWE(Ee=21449

PI20k4 (82/83)= 630.¢ TH103=26044 TW203=24E.€

PI204 (B3/B4)= 619.€ TH1CL=273,.8 TW2C4=2€3 .8

PI204 (B4/BE)= 60G7.1 ~TNL05=28448 TWELE=275.7

PI204& (BE/BE)= £59C.F¢ TW106=303.2 TH2(€E=288,.2

PI2C4

(EE-CLT)=570.4

TH107=342.1

THZ(T=3(€E.4
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HEATER TEST CATA RUM KTR=€ CATE 1€-0CY-80 TIME (9-1f

- C3 (FOLE C/C)= «6L N=Cu=245€ I=Cu=96.84 N=C5=(, . I-CE= C.

NUM OF EXCHENCGERS=€
PIL10E (BE=~IN)= 251.°% .(PSIA)

PI108 (B4/83)= 241.¢L
PI108 (81-0LT)=233.4

BR. FLCN RATE (LBS/ER)z 9¢218,7
FC FLOW RATE (LBS/HR)= B8€302.3

PI2C4 (Bl-I})= €£5C.¢
PI204 (B1/8Z)= 642,32
PI2Gy (B2/B3)= €30.14
PI204 (B3/BL)= €1C.C
PI204 (B4/B€)= 60€E.E
PI2C4 (ES/B€)= Ecc.1
PI204 (BE-OLT)=56C,¢

TH101=202.4 THEC1=1E3.,0 (LEC=F)
TH102=239+3 THEG2=2344¢
- TW1i03=260 43 TH2CI=24€.S
TWL104=2T73,7 TH2G4=2€34E€
_TH1GS5=284L. € ‘TW2(5=27E.5
TH106=302.8 THe(6=28E.0
TH107=341,8 THZ(7=305,7

(PSIA)

L L R L KA K & K ¥ X L X K N X r X X J --.-.---‘->. LA L K 3L L X ¥ 2 2 % 2 X X B 2 X ¥ N 2 N ¢ X F 2 L JF L L 2 E R R XN X E ¥ F ¥ 2 W 3

HEATER TEST DBATA RUM KTRe7 OATE 1€=-0CT-8C TIVE 10-3C

C3 (FOLE C/7C)= 4€L N=C4=Zet€ I~-C&=S6.84 N=CS=C, I-CS= G

NUM OF EXCFENGEFRS=E

PI108 (B6-IMN)= 2574 (PSIA)
PIL1CB (B4/BI)= 24 7ol
°I108 (B1+CLT)=2364¢

ER FLCH RATE (LBS/ER)=10(83C.5
EC FLOW RATE (LBS/FK)= 7(€8%96,0

PI2C4 (B1-IM)= 638€.7 (PSIA) TW101=212,.€ THE(1=141,.8 (CEC~F)

PI204
PI2C4
PI2G4
PI204
PI2C4

(81/92)= 63342

(E2/83)= 624, ¢
(83/8L)= 61E€,7

(B4/REY= 6070
(BE/BC)‘ 56032,2

TR102=254e 4
TH103=273.7
TW104=284, ¢
TW10G5=295.0
TH1CE=318.8

TWZ02=228.8
THECI=2€EL1 .5
TWEC4=27€,3
TWZE(E=288.4

THZLE=2G5.4

PI204 (BE-CLT)=572.1 TW107=341,.8 THZC7=324.€

A A R L R L XX A AL XY XL EZEE LA PRI TS E R YL RN ELEYXEEE XN EREFE YR XN

HEATER TEST DATA RUM KTRe7 CATE 1€=0CT=8C TIVE 10=4S

C3 (FCLE C/()= 60 N=-Cy4=z=2.t€ I-C4=96.84 N=-C5=C. I-C5="0.

NUM OF EXCHENCGEFRS=E
PI108 (BE~-IM)= 257.1 (PSIA)

PI10G8 (BL/B2)= 24E.7
PI108 (81«CLT)=23¢.¢

ER FLCW RATE (LBS/KR)=1C(8Z28.%
FC FLOW RATE (LRS/FHF)= 71101.€

PI2CL (Bi1-IM)= €3¢,1 (PSIA) TN1C1=212.7

TWE(1=142.4 (CEG=F)

PI204 (B1/Ec)= 633.4 - TH102=254, ¢ TWe(2=229.1
PI2C4 (B2/BI)= 62%.1 TWL1G63=273.7 TWEC3=2€L1.€"
PI2C4 (B3I/BL)= 61€.7 - TH104=284¢ TH2GU=2T7Ee 4
PI204 (B4/BE)= €07.1 - TH105=295.1 "TWEZ(C=ZEEek

PI204
PI2G4

(BE/S€)= 593.3
(BE-CLT)=572, ¢

TH10€=319.1
TH107=342.0

TWE(€=2¢S5.5

- TWel7=325.9
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HEATER TEST DATA RUN FTR<7 CATE 1€~0CT=80 TIME 11-0C

C3 (FCLE C/C)= o600 AN-Cl=Zef6 I=-Cl=96e84 N=CS=C(e. I-CS5= C.

NUM CF EX(H2NCERS=€

PI1G8 (BE=It)= 257.2 (PSIA! ER FLOW RATE (LBS/ER)=1C1003.4
PI108 (B4/B3I)= 24E,7 " HC FLOW RATE (LBS/ER)= 7107447
PI108 (B1-0LY)=238.¢ ALl

PI204 (BleIM)= 6384€ (PSIA)  TW101=21248 °  TW201=142.€ (CEG=F)
PI204 (B1/8Z)= €33.1 ' TN102=254. 4 THe(2=229.0 '
PI2CL (B2/BI)=z= 62447 TH103=273.¢€ TWE03=2€1,.5

PI204 (B3/BL)= Bl€«€E THi04L=2804.5 TH204=27€.3

PI2C4 (B4/sBE)= 606,86 TH105=295.0 "TH2(5=285.3

PI204 (BE/BE)= 592,¢ - TH10€=319.2 THE(€2285,.5

PI204 (BE=OLT)I=572.0 “TW107=342.1 THEC(7=325.3

LA E X K E L X XL X N X1 X L R Y X Y 8 E N K4 2T ¥ ryyy eyt X % X ¥ralyxisyx sy Y R P REINEYT Y R]

HEATER TESY DATA RUM FTR=7

C3 (MCLE C/7C)= +6C

NUM CF EXCHENCEPS=€

PI108 (B6-IM & 257.1° ER FLCW RATE (LBS/KR)=101001.5
PIL108 (B4/BI)s 24€ L " HC FLOW RATE (LBS/FR)= 710€S.4
PI1C8 (B1-0LY)=236.€ AT

PI204 (BL-IM1= €3%.2 (°SIA) © THLO1S213.0  THEC1=342.7 (CEGeF)
PI204 (B1/BZ)= 633 L TH102:254.2  TWZ(2:228.9 -
PI204 (B2/83)= 62,1 TNL03=273.€  TWZ03=2€1.€
PI204 (BI/BL)= €E1€.€  TH104=28kek  THZ(4E27€.2
PI204 (B4/BE)= 60742  TW105:295.2  TWZ(E=28E.4
PI204 (BE/BE)< 592,z C TH106=319.4  THZ(E:2€5.4
PI204 (BE-CLT)=E72.3 TH107=342.€  TH2(7=325.8
MEATER TEST DATA FUN FTRS7  CATE 16-0CT=8C TIN 11-3C

C3 (FCLE C/C)= o460

NUM CF EX(H&NGERS=E

PI1C8.

»N'C@:chﬁ

(PsIA)

NeC4=Z45E

I-CL=Cbe 84

J«CU=G6.,84 N=C5=0,

ER FLCW RATE (LBS/ER)=10117¢.€

N=CS=C,

CATE ‘1€-0CT«8( TIME 11-1¢

Y-C5

(BE-IN)= 25€.€ (PSIA).
PI108 (B4/B3)="24EsS HC FLOW RATE (LBS/hR)=z 71039.S
PI1G8 (B1-0LT)=23€.4 ;- R
PI204 (B1eIM)= 63C.4 (PSIA)  -TH101=2124¢ ~ THZ(1:143.0 (CEG=F)
PI204 (B1/BZ)= 63Tk -~ - YNLO2T254eE  TWZ(22229.%
PI2C4 (B2/83)= 624 S  TW103=2734€  THWZ(3=2€1.5
PI204 (B3/BL)= 61EE TW104z284eE  THZ0L=z27Ee%
PI204 (B4/BE)= 60EE TW105=295.2  THZ(5=2€5.4
PI204 (BE/BE)= 592.€ C TW106=31947  TH2(€=295.7

PI2C4

ceeeosweascaass .-d------“-.-o- I I L L I T I L I Iy

(BE~OLT)I=571.¢

- TH107=3424€

~THELT=22€.€

- J=C5= 0,




HEATER TEST CATA RUM FTR<7

C3 (FCLE C/7()= +60

NUM CF EXCHENCEFS=€

P1108
P1108
PI108

PI204"

PI2G4
PI204
PI2C&
PI2GY4
PI204&
PI2C4

(BE=IN)= 25€,.¢&
(EL/B2) = 24€EL
(B1-0LT)=238,1

(B1=IN)= 63C,.E
(B1/BZ)= 533.7
(BZ2/33)= 62843
(B23/84)= 617.C
(B4/8E)= 60742
(85/8€)= 5%3.4
(BE=CLT =572

N‘CQSZQEE

(°SIA)

(PSIAY
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CATE 16-0CT-8( TIM 11-4¢

~JeC4=96.84

N«CS5=(,

319C5= 0e

"BR FLOW RATE (LBS/HR)=101178.€"

THW101=213.0

TW102=2544€
~TW103=273.¢

CTN104=28L .7

THlﬂs- gd.o

. TW10€=320.2

TH107=34L2.¢

THE(1=143.0

TWE0E=22%.1

THWZ03=2€14€
THZCL=2T7€.5
TWeCE=285,5
TWZLE=2CED
TWEl7=32€.8

~ FC FLOW RATE (LEQIPR)-,7103 .

(CEC-‘)

o

HEATER TESY DATA RUN hTR-7

€3 (MOLE C/C)=

«6C

NUM OF EXCHENGEFS=€

PI108
PI1CS
PI108

PI2C4
PI2C4
PI204
PI2t4
PI204
PI20&
PI2C4

(BE=IM)= 25€,7
(B4/B3)= 2LEL1
(E1-CLT)=238.C

(Bi=It)= €63<.8
(B1/BC)= €3&.C

(B2/B3)= 625.¢
(B2/8L)= €17.2

(B4rsBE) = 607.c
(BE/B€)= ©C2.

(BE-CLT)=57¢. C

(PSIA)

(PSIR)

HEATER TEET CATA RUN £TR=7

C3 (MCLE

C7C)= J€&C

NUM OF EXCHZNGEFS=E

PI106
PI108
PI1C8

PI2C&
e12CL
PI204
PI2C4
PI204
PI204
PI2C4

(BE-IM)= 253,.¢
(B4/B3)= 241.¢
(B1-CLlT)=233.1

(B1-Id)= 641.(
(B1/8&)= €3%.¢(

(B2/83)= 62€,°
(E3/BL)= €18.1
(E4q/s2€)= 608,42
{BE/8€)= 5C3.¢
(EE-CLT)=E72.2

NeC4=Z4tE

(PSIA)

(FSIA) -

CATE 16=-3CT-8C

NeClzZ,t€ I=C4=96.84

N-CS:O.

TIMt 12-CC:

I=C5=

0.

BR FLOW RATE (LBS/HR)=1061170.2

HC FLCW RATE (LBS/kHR)= T7150%

TH101=213 4%
TW102=25Le3
TH103=274.0
TH10L=2B84.7

TW105=295,€
TR10€=3204

TW107=343.4

CATE 1€-3CT-A(

I=CL=36,84

N=C5=0s

THWZ(12143.5

TWez(2=229.1

THWZ03=2€1.8
TWZl4=2T7€ 4

.?»

(QEC=F)

TWe(E=28C,€

TH2(E=2¢S€.0
TWZ{T7=327.4

TIM 12-1F

1-C5= 0.

BR FLOW RATE (LBS/KK)=1018€C, €

FC FLCW RATE (LBS/PE);'Z!?iQ.Q ,

TW101=213,.7
"TH102=254. €
TH1 03=274 2
TH1G4=285.0
TH105=296,1
TWiC€=321.0
TW107=343.5

THEZL1=143,.¢

THE(2=22%,%
THZ03=2¢€2.0

TNZ(4=276.7
THZCE=285,9

THE(E=2CE 8
TH2(7=327.2

(CECG=F)

LT R X X Z X R R AN NI 2 2 N EENEE X LERERN AL ALY RTELEELRE Y XREENYREEE T B R L E LR LKL X 1 1 N J
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HEATER TEST CATA RUM HTR«B DATE 16-0CT-80 TIVE 130

C3 (FCLE C/C)z «6f N=Ci=Zat€ I=ClLEZ96.84 N=CS=C. I-C5= Q.

NUM OF EXCHENCERS=€E

PI1G8 (BE=IM)= 25€,7 (PaIAI ER FLCW RATE (LBS/KR)=1010C3.5
PI1C8 (EL/EI)= 24€.2 FC FLOW RATE (LBS/KER)= 53303.1
PI108 (B1-0LlT)=238+C :

PI2C4 (B1-IM)= 63E.0L (PSIA) TH101=23%. 4 THE(1=13844 (CEG-F)
PI204 (B1/82)= €31, ¢ ©  TH102=284.€ THE02=25845

PI2CL (B2/B3)= 625.€ TH103=306.C THZ(3=2¢%0.C
PI204 (B3/BL)= ©17,.C THi04=328,¢ TH2C4=311,€
PI2C4 (B&/BE)= hOC.C TH1G5=338.7 TH2(E=333.2
PI204 (BEs/BE)= S8E.E€ TH106=341,8 THECE=336G.1
PI204 (BE-OLT)I=S5€C.¢ TH107=344,.0 THE0T=341.0

HEATEF TEST CATA RUMN MTR=3 CATE 1€-0CT=8C TIME 13-1F

C3 (MCLE C/7C)= 46C N=Cu=Z2¢%€ I=C4=96,84 N=(5=0, I-C5= 0.

NUM OF EX(HENCERS=E

PI1C8 (BE-IN)= 25€.E (PSIA)  BR FLOW RATE (LBS/KR)=1(1008.8
PI108 (B4/83)= 24€E.G KC FLOW RATE (LBS/HER)= 53E94.4
PI108 (B1-0LT)=237.5

PI204 (BieIN)= 63€,2 (PSIA) TH101:239.2  TH201:13840 (CEG=F)
PI204 (B1/BZ)= 531.¢ © . TH102=28447  TH2(2=258.€

TH103=30640
 THi04=328,8
TH105=33 8, €

TH1062342,2

TH107=34440

PI204
PI204
PI204
PI204
PIZ2CL

(B2783)= 625,¢
(83/34)= 61E.E
(B4/EE)= H01.¢
(BE/B€)= 58,4
(BE=CLT)=5€C,E

TWZ03=2¢0.1
TW2(42312.1
TH2(5=333.¢
THZCE=338.8
THEL(7=341.8

HEATER TEST DATA RUN FTRe~8 CATE 1€-0CT=8C TIM 13=3¢

C3 (MCLE Cr7C)= L,60 -C&‘ca.é ToC4=96484 N=C5=0, I-C5= 0.

NUM CF EXCHENCERS=E

ER FLOW RATE (LES/EF)=161002.5
MC FLON RATE (L3S/FR)= 5260840

PI1CS8

(B6=IM)= 25€.8 (°¢IA)
PILgeE '

(B4/83)= 2LE.T

PI1C8 (B1=-0LT)=238.C

PI204 (E1=IM)= 63€¢1 (PSIA)  TW101=23%44  TWZ(1=137.8 (CEG=F)
PI2C4 (BisBZ)= 632.¢€ o TH1C2=284.9 THE(2=258.8

PI204 (EZ2/B3)= €2€.¢€ TW103=30€, 4 TW2(3=2€0.i

PI204 (B3/8L)= 617.7 TH104=328,¢ TH2(4=312. 4

PI204 (B4/BE)= €02.¢ THW106=339.18 THE(E=334,.0

PI2C4
PIZ04

(BE/PE)= SBC. 4
(BE=OLT)I=57L.7

TH10E=341,.¢€

TW107=34i4e0

TWZ(E=33G,3
THWZ2(T=34L1,8




-156-

HEATER TEST DETA RUN FTR=-8 OATE 1€-0CT=-8C TIME 13-4%

C3 (FCLE C/7C)= o460 N=ClUs=24%E J=ClL=z96.84 N<C5=0. I-C5= G,

NUM CF EXCHEINGERS=€
PI108 (BE~Ib)= 25€.¢& (PSIA)

PI1€8 (E4/BI)= 24€.1
PI108 (B1-0LT)=238.0

BR FLCW RATE (LBS/HR)=101007.7
FC FLCW RATE (LBS/KR)= 5334¢€.¢.

PI2C4 (B1=IM)= €3E,7 (PSIA)
PI2C4 (B1/E&)= 63243

-~ TH101=239.2 THZ(1=137,8 (CEr-F)
TW102=28¢E.0 THZ(2=258.¢

C)

PI204 (B2/B3)= 62€.4 TH103=30€.4 TWEE3=29C. 3'v
PI2C4 (B3/BL)= €17.% - TH1064=329.3 TH2(4=312.8
PI204 (E4L/BE)= 60c.€ TH105=33G9,2 THNZ(E=334.0
PI20L (BE/B3€E)= SBELC TWi106=342. € TW2(€=33G.2
PIZ2C4 (BE~-OLT)=5T1.¢ TH107=346.4

TRHEC7=342.3

L DX R R X X X X L LR E L L. X & L B A A A & K L 2 & J Y Y YIRS R Y B L N X B L K R L 2 LR 2 L 2 A L X 8 KA 2 A K 4 A i J

HEATER TEST DATA FUMN HTR=-8 . CATE 1€-0CT-8C TIME 14-0CC
C3 (MCLE C/(C)= 460 AN=Cl=zZef€ I=-CL=9E.84 N=C5=0. - I=C5= G
NUM OF EX(FENGERS=E

PI1C8 (BE~IM)= 25€,7 (PSIA) BR FLOW RATE (LBS/KFR)=101003.°

PI1G8 (B4/EI)= 24€.c¢ FC FLCW RATE (LBS/ER)= 53324.3
PI108 (61CLlT)=23€.0

PI2C4 (81-IM)= 635.¢ (PSIA) TRN101=23944% TW2(41=138.1 (CIC~F)
PI204 (B1/Bc)= 632. ¢ THi02=23 4et THE(2=2E844
PI204 (BZ/33)= 62€.7 TH103=30€.2 THZ03=2G042
PI2C4 (B2/BL)= ©B17.7 TW104=328.5 Thett=311.¢€
PI2064 (B4/sBS)= 602.€ TW105=33943 TWZ(5=333.8
PI2C4 (BE/3€)= 58E€.3 TH10€=34L3.2 TW2(€E=33G9.0
PI2G4 (BE-CLT)=571.¢ TH107=34k.2 TRZL7=341,€

HEATER TEST CATA RUMN FTR-8 CATE 1€-0CT=-80 TYIVt 14-1F

C3 (MCLE C/C)= +€0 NeCkz=Zeft€ I=CL=96¢84 N=C5=0. I-C5= C.

NUM OF EXCHINCERS=E

BR FLCW RATE (LB8S/HR)=1010023.%

PI108 (Be«IN)= 25€.7 (PSIA)
: FC FLCOW RATE (LBS/HR)= 53331.1

PI1CE (B4/sBIY= 24€Eec
PI10€ (B1=CLT)=238.1
 TH101=239.4

PI204 (Bi-IM)= €XE.E (PSIA) THE(1=138.0 (CUC=~F)

PI2C4 (B1/B2)= €3C.¢ TH102=26Ue7 TWeh2=258.¢€
PI204 (B2/33)= 62€43 TH103=30€43 TW203=290.3
PI2C4 (B3/684)= B1T7.tL THW104=328,.8 TWEl4=31C.0C
PI204 (BL/RE)= 602417 TW105=33¢S.2 TWZ(E=334.0
- PI204 (BE/EE)= SBE.Z TH106=343.5 TWZ2C€=339.1
P12C4 (BE-CLT)=571,.¢ THL107=3kbe2

LYY YRR TN PR RN LT X AR ELE L LD A L L AL L O A K I R A R d ol b b tdadd b bl Al el

TWEG7=344,.E€



HEATER TEST DATA RUN FTR«8

C3 (FCLE C/C)= (60
NUM CF EXC(HENCERS=€

NeC4=24E

CATE 1€-0CT=-8¢
€ 1«C4=96484 N=CS5=0,

-157-
TIME 14-3C

I-C5= 0.

PI1C8 (BE=IM)= 25€.7 (PSIA! - ER FLOW RATE (LBS/ER)=101004.€
PI108 (BL/8Y)= 24LE, S ~#C FLOW RATE (LBS/ER)= 531331.7
PIL108 (E1-CLTY)=238.C S :
PI204L (Bi=IN)= E63E,€ (PSIA) TW101=239.+4& THZ(1=138.0 (CEC~F)
PI204 (B1/BZ)= €31.¢ : - TH102=285.0 TRE(2=2%8.8

PIZOL (B2/B3)= 62€.C TH103=30€.¢ THW203=2904 4
PI204 (B3/BL)= 617.C THW104=329.3 THZL4=312.€

PI204 (BE4/BE)= 60242 THW105=339.5 THE(S=334.2

PI204 (BS/BE)= SBG.¢& - TH106=34344 THZCE=339.4

PIZ2CL (BE-OLT)IZ5T71,.¢ . TH107=36L4e & THZ2(T=341.5

HEATER TEST LDATA RUMN HTR=8

C3 (FMCLE C/7C)= €0

NUM CF EXCHENGERS=€

- -‘..-.----“-.-‘-.-.--...-...-‘....-.--‘..-.“.-..’-..----..‘..- LR L X XX N J

HEATER TEST DATA RUMN HTR=Q

C3 (FCLE C/7(C)= ¢6C DheCl=2et€  I=Clh= 96.8& NeC5=0, I-C5
NUM CF EX(FENCEPS=4 ‘
PI1C8 (BE=IM)= 253.7 (PSIA) ER FLOW RATE (LBS/kF)= 101‘18.4
PI108 (BL/33)= 24€.E - ~ HC FLOW RATE (L3S/HR)= 3‘61,-c
PI1Ce (Bi-OLT) 240.2

PI204& (Ei «It)= 60€sk (PSIA) - TWL01=27748  THZ(1=13€,.8 (CEC-F)
PI2C4 (E1/8Z)c €04eC . TH102=325.1 THeEC2=2C1.8
PI2C4 (BZ2/BI)= 5GE.1 TH103=343,.€ TWZ03=334,.€
PI204 (B3/BL)= 591.¢ - TH104=345.5 TH2(4=342.C
PI2C4 (B4/BE)= 58C.2 ~TH105=345.0 TWE(E=3L5.2
PI204 (BE/BE€Y= STE,3 TH106=3324¢€ TRECE=341,2

PI204

(BE=OLT)=572.¢

NeCl=24sE€ T=Cl=96,84 NeC5=0,

CATE 1€-0CT=8C TIM. 14=4€

- I«C5= 0.

CATE 1€-0CT-8C

TW107=32€.¢

PI1Ce (BE-IM)= 25€.€ (PSIA) ER FLOW RATE (LBS/FR)=10101€.2
PIL1C8 (BL/BI)= 24E€.2 : “#C FLCW RATE (LBS/ER)= 5L034.8
PI1CG8 (B1-0LV)=238.1

PI204 (E1-IM)= 63€¢1 (PSIA) = TW101=238,€ - THWZ(1=139,0 (CEG=F)
PI2C4 (B1/BZ)= 631.€ - TH102=284.E€ THE(CE=2C58.4

PI204 (B2/B3)= €25.€ TW103=305.2 THZ203=28%,.€

PT204 (B3/94)= €17.C - TW104L=328,¢ THZ(4=311.9

PI204 (BL/sBS)= 60¢c.( TH105=33%.4 THZ(5=333.€

PI2G4 (BE/B€)= 58%,.4 - TW10E=343 € TH20E=33C. 4k
PI2C4 (BE=OLT)=570.2 TN107=344 5 THELT=342.0

TIME 15-3¢C

TWE{7=34L1.0



HEATER TEST DATA FUK FTR=C
C3 (FCLE C/C)= «60
NUM CF EXCHENGERS=4
PI108 (BE-It)= 252.2 (PSIA)

PILC8 (B4rsBY)= 248.C
- PIics (Ei-GLT) 24C.0

PI2G4 (Bi-It)= 6CE&€.7 (PSIA)

PI2C4 (B1/BZ)= 60¢€.E
PI204 (B2/83)= 5G68.1
PI2C4 (B3s/BL)= 591.,2
PI204 (B4/BE)= 583.¢€
PI204 (BE/BE)= ST€.E
PI204 (BE-OLT)=572.¢
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HEATER TEST DATA RUN KTR<9

C3 (MCLE C/C)= 6( N=Cu=z=Z.%E

NUM CF EXCHEANGERS=4

PI108 (BE~It)=z 253,43 (PSIA)
PI108 (B4/sEI)= 24E.E
PIL108 (B1«0LT)=240.1

PI2C4 (B1-IM)= 60E.€ (FSIAY
PI2C4 (B1/Bz)= £0C.¢&
PI2G& (B2/s/33)= SC<,. €
PI2C4 (E3/BL)= 593,.3
PI2C& (B&/BEt)= S85,.¢
PI2C4 (BE/3€)= 578,3
PI2C4 (BE-CLT)=57c.(

LA L P B K X R L XN ERE R Y AEREFEE LAY R XL PRI LY X XY 2 X X PR AR RNV 3 N 3

HEATER TEST DATA RUM KTR=C

C3 (FCLE C/()= 460 N=C4=Z,t

NUM CF EXCHENGERS=4

PI108 (BE-IN)= 25343 (PSIA)

PIL108 (B&4/22)= 248.°F
PI1C8 (B1-CLT)=240.1

PI204 (B1=IMY= 6077 (PSIA)
PI2(4 (B1/82)= €0€.7
PI20& (B2/83)= 5S57.6
PI2G4 (B3/BL)= SG4.C
PI204 (B&/EE)= 587,13
PI20L (BE/BE)= 57C.C
1204 (BE-CLT)=B7c.C

R X I PR YRR R YR L ES LR A L S XL N L L L L K A A X L ENXALRLELELLEYERRER RS X L X J

N-Cﬁ~‘. .e
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CATE 16-0CT=8C¢ TIME 15-4¢

‘JeCL=96,84%

" TH106=332.3

TW1G7=325.4

THWZ(6=341.€E
TRZL7=34(0.€

 NeCS=0s °~  I=C5= Cs Q:;
- BR FLOW RATE (LBS/HR)=101692,0 .
HC FLOW RATE (LBS/FR)= 3489C.3.
TH101=277.5 TH2(12136.7 (CFG=F)
IN102=32447 TR202=291,.6€ .
T TWL03=34347 TH203=33€.€
TH104=345,5  TH2(4=342.9
CTH105=34540  TWZ(S=34544
TH106=332.3 THZ(E=34141
TH107=325.€ TH2(7=340.8
DATE 1€-0CT=-8C TIM 16-1F
1=CL=96.84 Ne=CS5=0. 1-C5= 0.
BR FLOW FATE (L8S/FR1=101729,0
FC FLOW FATE (LBS/ER)= 31821.5
TH101=276438 TW2(1=137.2 (CFG=F)
TW102=324.8 TW2(6222%1,.8
TH103=343.0 TW2C3=33€.2
TH104=345,2 TNZ(4=342.5
TH105=3blk, € THZCE=36540
TN10€=332,0 TW2(€=340.8
TW107=325.0 TH207=339,€
DATE 16=-3CT=-8C TIME 16-3C
J«C4=9bs 84 - N=CS=0, i=CE= L.
SR FLOW RATE (LBS/FF)=1015€2,3
FC FLCW RATE (LBS/ER)= 3E36€.1
TW101=275.8 TWZ2(1=137.¢ (CEG=F)
TH102=32444 TWZ£22291.3
TW103=343.0 TH203=33€.0
TW104=345.3 TW2T4=342.0 —
TW105=345,0 THWZLE=345.€ W
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HEATER TEST CATA RUM HYR=10 CATE 1€<-0CT«8C TIVME 17-3C

C3 (FCLE C/C)= +6C N=CLz2.%€ I=C4=06484 NeCS=(0. 1-C5:= €,

NUM CF EXCHENCERS=€

PI1GE (BE=IM)= 25;-.,(PSIﬁ) ~ER FLCH RATE (LBS/RR)=3G1837.0
PI108 (B4/BY)= 2Lc.( _HC FLOW RATE (LBS/FR)= 8€893.,2
PI1G8 (B1~0LlT)=233.¢ o sl
PI2C4 (Bi=IN)= €58.¢ (PSIA) - TW101=206.0 TWZ(1=156.4 (CEC=F)
PI204 (B1/8Z)= 6474 coT U TH102=241 6 8 TW202=218.€ SR
PI2C4 (B2/B2)= 635.2 TN103=262.¢ THEC3=249,3

PI204 (B3/BL)= 623, THN104=275.8 THECL=2€€,0

PI204 (B4/3E)= €610.€ TH105=28647 THECE=277.5

PI206 (BE/BE)= 595.¢€ ~TH106=305.7 THZ(E=2 tEL L

PI2C04 (BE=CLT)=5724C TW107=345.0 THE2LT=311 44

HEATER TEST CATA RUM HTR=3G  CATE -16=0CT«8C TIML 17«4S

C3 (MOLE C/C)= 460 -N=C4=2,56 I=-ClL=S6.84L N=CS=0. 'I-CS5= Q.

NUM OF EXCHENCERS=zE€

PI20&

LA XX 2 R X R XL YR B D2 X A NX XA L B LA B J T XTIz rxrryxrryryxx X R LR R Y R R YRR O LR L L X J

(BE«OLY )=57247

TH107=345.0

THEET=311.4

PILCE (BE~IN)= 25347 (PSIA) U ER 'FLOW FATE (LBS/FKFR)=101€S8.€
PI1C8 (EL/EBI)= 2U4ZeT “FC FLCW RATE (LBS/ER)= 8(8“5.&
PI108 (B1-0lT)=233.€ . o

PI2CH (B1-IM)= €5C.€ (PSIA) 'TN101=2C6-1 - THEZ(1=156.7 (CEC-F)
PI204 (Bi/8Z)= €4E€E.S oo T TH102=2614€ TW202=21¢.8
PI2C4 (BZ/B3I)= 634.7 . "TH103=262.¢ THZ2(3=249.3
PI2C4 (BI/sBL)= 62343 ©o THLCL=2T75.8 TRZO4=2€€ 1
PI2C4 (BL/BEY= €1C.¢ L THLDS=28€4¢ TW2C(E=217.4
PI2C4 (BE/BE)= SCt.k “ - TH106=305.¢€ "THZLE=2¢EE 4
PI2C4 (BE-OLT)=572.1 LTWL0T7=344 € TW207=31440
HEATER TEST DATA RUN FTR=10 CATE '1€=0CT-80C TIMt 18=0C

C3 (MOLE C€/C)= o606 N=-Cuz=Z2,5€ ~I-Cl=96.A4  N=C5=0s  I<C5= C.
NUM OF EX(P&NGEPS:E

PI1C8 (BE=-Ih)= 254ed (PSIA) 7 BR FLCH RATE (LBS/PR)=131€EJ;3
PIL1C8 (BL/EI)= 2u2.F , HC FLCH RATE (LBS/EF)= $€800.4
PI108 (B1=CLlT)=234.¢ Sl S
PIZG# (B1-IMN)= 65€¢4 (PSIA) - - TW101=206e4 THZ(1=157.1 (CEG=-F)
PI204 (B1/82)= ELT.E o - .TW102=242.1 TH202=249.1
PI2CL (B2/81)= 63C.€ " -YN103=26340 TRECI=249.5
PI204 (B3/BL)= 624.1  TH104=27€.0 THE(C 4=2€€.3
PI204 (B&/BE)= 61141 - TWiCS=28€,.¢8 TW2(E=277.€ -
PI2C4 (BS/BE)= 5CS€.3 TH106=305.¢ TWZ(6=28E.5




HEATER TEST DATA RUM FTR=1¢

C3 (FOLE C€/C)= .6C

NUM CF EXCHENGERS=€

PI1CE (BE=IN)= 252.¢€
PI108 . (B4/B3)= 24243
PI10f (B1-0OLT)=23&4C
PI204 (Bl=IM)= 65€45
PI2C4 (B1/BZ)= 6u7.6

PI204 (B2/83)= ©63E.€
PI204 (B378L)= €24.1
PI20L4 (B4/BE)= 611
PI204 (BE/3€)= 59€.1

PI2G4 (BE~CLT)=5723.C

N=C4=C. %6

(PSIA)

(PSIA)
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1'3“3960 84 N'C5=0.

CATE 16-0CT=-80 TIMt 18-4F

I-C5= C. +

e
-

ER FLOW RATE (LBS/FF)=101651.,3

TH101=206€+¢
TH102=242.C

~TW103=26340
T THA04=2T754C
. TH105=286. &
‘TH10€=305.8

- TW107=345.0

HC FLCW RATE (LBS/KR)= 8ET73.7 .

- TW2C1=157,3

TWEl2=219.1

THZ(3=249,.5 g

(CEG=F)

TMEZ(4=2€Ee3

THZ(5=2177 .6

TWN2(G€E=28BE €

TH2L7=311,¢€

HEATER TEST DATA RUM KTR-10

€3 (FCLE C7C0)= (6¢C
NUM OF EXCHZMCGERS=E

PIL1G8 (BE=IM)= 252,¢

PI108 (B4/BI)= 24+
PI1CG8 (B1-0LlT)=234.5
PI204 (Bi«IM)= 65€4€
PI2C4 (BA/BZ)= 64E.4
PI204 (E2/B2)= €3€.1
PI20L (B3/34)= €24e7
PI204 (EB4/BS)= 611.°¢

PI20C4&
PI2C4

(EE/BE)= S59€,.¢
(EE=-CLT)=E72.¢

NeClUz=Z,CE

(PSIA)

(PSIAY

IsC4=96484 NeCS=0,

‘DATE 1€-0CV-8C0 7TIM 18-3{

- 1=C5= Q.

ER FLCOW RATE (LBSE/KR)=101€LC.E
+C FLCW RATE (L3S/HR)= 8€7SS.% -

TW101=20€+¢

TH102=242.2"

TW103=263,.2
THi04=2T7€a1
TW105=287,.0
TW106=306.2
TH1C7=345.1

TH2C1=1€7.4 (CEC-F)

TWZ(2=219.2
THWEE3=248.7
THZLU=2€E 4
TWE(E=277.8

TH2C€=2&ECT7 -

TWEL7=312.0
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HEATER TEST DATA RUMN FTR-11

€3 (FCLE C/7()= ,60
NUM OF EX(HINCERS=6

PI1C8
PI108

(BE=-It)= 2GE8,3
(B4/83)= 28¢.€

PI1U8 (B1-0LT)=281.C
PI204 (E1<Id)= 638,
PI204 (BilrsBZ)= 62CS.%
PI2C4 (B2/E2)= 617.1
PI2C04 (B3/84)= €05.4€
PI204 (B4/BE)= B592.7
PI204 (ES/8€)= 577,€
PI204 (BE-CLT)=5EB4.¢

NeCié=getE

(PSIA)

(PSI4)

CATE 20-0CT7-81

leCL=96,84

N-C S= 00

TIM (7-0C

I-C5= 0.

ER FLCW RATE (LBS/FKR)= 3IC143.9- .

HC FLCW RATE (LBS/kHR)=

TW101=203.0

- TH102=236.0

TW103=25€.2
TW104=268.¢
TH105=28044
TW106=298. 4
TH107=34343

EEELE

sEvfl

THW2C1=1€1l.4 (CEG=F)

TWeE2=21%.1
THE(3=24L2.8
TRNZE4=2834€
THWZ(5=271.3
TWZCE=281.1

TH2(7=302.4

()
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HEATER TESY DATA RUN FTR-11 DATE 20-0CY-8C TIkt (8-3C

C3 (PCLE C/C)= 46 NeClz24E€ I=CLz96484 NoCS5=0, I«C5=-0s

NUM CF EXCHENGERS=E

PI1G8 (EE=It)= 297,1 (PSIA) BR FLOW RATE (LBS/KER)= Gt31E,8
PIiC8 (B4/BI)= 287.3 EC FLOW RATE (LBS/ER)= 84E€0S.2
PI1C8 (B1-0LlT)=27C.E ,
PI204 (Bi~IM)= €32.< (PSIA) TH101=204.0 THE(12187.€ (CEG=F)
PI284 (B1/Bc)= 624.€ ' TH102=2384 € THZ02=215.5

PI2C4 (B2/B3)= 613« TW103=258.¢8 TWE03=2454€

PI2CL (B3/84L)= €02.€ TH106=271.0 - YH2Cu=2€2.0

PI204 (B4/BE)= 5S04t TH105=282,.0 THZCE=273.2

P1204 (BE/BE)= STE.( TH106=300G.4& THZ(CE=261.7

PI2G4

(BE-CLT)=55342

TH107=34k4,.2

TH2G7=3C7.9

Y2 YR YRR YR RN R LR XY 2 Y N R & 2L 2 1 2 R L 2 N 2 X X A L X B N L E L A 5 A K R A A LXK XA N X & 2 2 3N

HEATER TEST CATA RUM ¢TR-11 CATE :20-0CT=8C TVIM (B8=bLE

C3 (MOLE C/C)= «6C N=Cl=Zef€E I=C4G=96484 N=C5=50, I-C5= G

NUM OF EX(HENGERS=€

PI1G8 (BE=IN)= 29T7.0. (PSI#) BR FLOW RATE (LBS/KR)= G€2¢0.4
PI108 (B4/Bl)= 28€4C “FC FLOW PAYE (LBS/ER)= 8%158.1
PI108 (B1~0LT)=28C.6

PI2C4 (B1-IM)= €33.4 (PSIA) ‘TW101=2054€ : THEZL1=21€1.C (CEG~F)
PI204 (B1/BZ)= €247 o TH102=239.2 . THZ02=21€«8

PI204 (B2/83)= €13.3 . TN103=258.¢ " TWE( 2I=24LE,. 0

PI204 (B3/8LY= €E0247 - TH104=271.,0 THZ204=2€242

PI204 (B4/B3E)= 590.2 TH105=281.¢ TWZ(S2273.1

PI2C4 (BS/B€)= S75.¢€ ‘TH106=3C04.2 " THWZ(E=281.€

PI204&
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HEATER TEST DATA FUMN FTRe1f

(BE~CLT)=552,7

C3 (MCLE C€/()= 60

NUM OF EXC(HENCERS=E

N=C4=2Z.%€

TR107=344e2

I~C4=C6e 84

NPCS-‘-_GQ

"YRZ(7=307.€

CAYE 20=0CT=8C TYIVE (9=-0C(

PIL1CE (BE=IN)= 2S€.3 (PSIA) BR FLCW RATE (LBS/kR)= G€278.4
PIL1C8 (B4/BI)= 28€.F FC FLCW RATE (LBS/KR)= 8£21%.2
PI1G8 (B1-0LT)=27¢%.¢ -
PI2C4 (Bi=If)= 633.3 (PSIA) - TW101:=20€.2 - TWZ(1=z162.4 (tEC-F)
PI2CL (B1/8Z)= 62Le€ = . . TW102=239.3 CTHE02=217.3

PI2Cy (B2/83)= €413.& TH103=2584€  YHZL3z2LE.D

PI204 (B3/BL)= E0Z43 THL0L=27049  TWZ(4=2€2,.0

PI2C4
PI2CL
PI204

Py e v TYY Y T R TSR R R Y YRR R L Y L X R LY X R R KL R L L AL R R A A A E A ol

(B4/s3¢)= SEC, ¢
(BE/BE)= 57C.4
(BE=0LT)=552.44

TH105=281.8

THW106=300.1
THL07=344e2

TW2(E=273.0
THZCE=281.5
TW2C7=307.4

1-C5= 0.




HEATER TEST DATA RUM FTRei1

C3 (FOLE C/C)= .6

NUM CF EX(FHENGEES=€

NUM CF EXCHENCERS=€

N-Ck=2.S6

-162-

CATE 20-0CT-80

I'ch=9508“ ‘N'C5=0.

TIME 09-1€

I-CS=.0.

PI1C8 (EBE-IM)= 29€.2 (PSIR) ER FLOW RATE (LBS/HR)= 9%47(.2
PI108 (EB4/E3)= 28€43 " HC FLOW RATE (LBS/HR)= BLES3.E.
PI1C8 (E1-0LlT)=27¢.1 -

PI204 (E1«IM)= 63241 (PSIA) THW101=20€,0 THWZC1=1€1.0 (CEGC=F)
PI20&4 (B1/Bc)= €23.% o TWi02=239,¢ TW2(2=217.¢
PI2CG4 (B2/B3)= B1c.C TW1G3=259.2 THe(3=24€E4
PI2C4 (B3/BL)= 601,3 TW1 04=2711 THE0L=2€24 4
PI2C4 (By4sBEt)= 588.8 TH1G5=232.C TRECS5=27343
PI20&4 (ES/BE€)=:574,4 TH106=300.€ THZ206=281.5"
PI2CL (BE=CLT)=551.c TH107=344.E TH2(T7=3C8.4
HEATER TEST DATA RUN KTReig CATE 20-0CT=-80 TIME (G=3¢

c3 (FOLE~C/CS£ e6( N-C&t=Z.%€ I-CL=%6e8& N-CS5=C(. I-C5= 0.

PI138 (BE=IlM)= ZYS.E (PSIA) ER FLOW RATE (LBS/FR)= GS4EE.F
PI108 (B4/97)= 28€,0 +C FLOW RATE (LBS/HR)= BLELT.T
PI108 (B1-0LT)=278.€

PI204 (BieIMN)= 631.2 (PSIR) TW101=206.2 TW2(1=1€1.7 (CFCeF)
PI2C4 (B1/RZ)= 623.( TH102=239.¢5 TH2C2=217.8

PI2C4 (BZ2/B3I)= 611.7 TW103=259,2 TW203=24€E b

PI204 (B2/3L)= €01.1 TW104=270.¢ THEZCk=2€2.1

PI2C4 (B4sSE)= SBE.E TH105=281,¢ TH2S(5=273.2

PI2C4 (BS/BE€)= B574,¢€ TW106=300,2 TWZLE=281a4

PI2C4 (BE<CLT)I=551,¢ TH1087=34bL .7 TWZCL7=308.2
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HEATER TEST DATA RUMN HTR=11 CATE 20=-3CT7=8C TIM (%=4f

C3 (MCLE C/7()= 460 N=C4=2,5€ TJ=ClL=G6484 N=CS5=0, I-C5= 0,

NUM CF EXCHENCERS=€

PI1C8 (BE~-IM)= 2G65.€ (PSIA)
PI108 (B4/33)= 28E,.7

ER FLOW FPATE (LBS/kKR)= 9%B4%.%
HC FLCW RATE (LBS/HR)= 84301.7

PI1C8 (B1=CLT)=278,.¢€ *
PI204 (Ri<IN)= 632,23 (PSIA) IN101=20€,¢ TH2C4=1€1,7 (CLGeF)

PI2G4 (B1/BZ)= €23.7 THW102=240.2 TW2L2=218.1

PI204 (B2/23)= 612,11 TW103=259,4 TWZC3=245.7

PI204 (83/38)= €01.3 TW104=2T1.€ TW2L4=2€2.9

PI2C4 (B4/BE)= SBB.E TH105=282.2 THZ(E=273.5

PI204 (BE/BE)= 57&eC TW106=301.1 TW2C€=2R1,7

PI204 (BE=CLT)=550,¢ TH107=344L o7 THZL7=309.9

--'------------“-------.------ L Y N N Y N A A Y Y T L I Ty Ty
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HEATER TEST DATA RUM FTR~11  CATE 20-0CT-8C TIM 10-0C
C3 (FOLE C/C)= 460  NeClz2,f€ I=C4=z96,84 N=LS5z0,  I=CSz 0.
NUM OF EXCHENCGERS=€
PI108 (BE=IM)= 29E,1 (°SIA) ER FLOW RATE - (LBS/KR)= SSELT.E
PI1Ce (B4/sBI)= 28E,3 7 -, HC FLOW RATE (LBS/EFR)= 84L274.3
PI1C8 (B1-0LT)=277.% o AR,

PI2C4 (Bi-Ih)= £3C47 (PSIA) TW1G1=20€.€ "THE(1=1€1.¢ (CEG~F)

PI204 (B1/8C)= 62244 S0 TH102=239,9 Th2(2=218.0
PI204 (B2s/8%)= £310.+€ o he  TW103=25964 THWECL3I224€.7
PI204 (B3/BL)= 600.¢ S TH106=271.2 THE(L=2€2.4
PI204 (B4s/BE)= 5884 . . TH105=26240 THECE=273 44
PI204 (BE/BE)= 573.¢ LI TH166=305.7 'THZ2(E=E81.5
PI204 (BE-OLT)I=550.¢ o - TH107=3Lb4e¢ THEZC(T7=308.8

HEATER TEST DATA RUN HTR=12 . CATE 20-0CT-8C TIPE 11-1F

C3 (FCLE C/C)= 460  N=C4z2¢E€ I-C4=96¢84 N=C5=0s  I-C5= O
NUM OF EXCHENCGERS=6

PI108 (BE=IM)= 294eE (PSIA)  BR FLOW RATE (LSS/HR)= 9£91C.2
PI108 (B4/E3)= Z84eE - . FC FLOW RATE (LBS/FR)z 6S356.0
PI1238 (B1-0LT)=277,0C o

PI2C4 (Bi<IP)= 617,2 (PSIA) .~ TW101=212.% ThE(1=14€e1 (DEG=F)

P1204 (B1/£2YV= 611.7 T THL02=25261 IWN2(2:227.7
PI204 (B2/833)= 60,., " THWL103=270.7 TWZ03=2¢58,9
PI12C4 (B3I/B4Y= 59 . o TW104=281,2 TREZC4=273.2
PI20& (E&/BET=)58€;2 o ©-TH105=232,8 THEZCS=2F1,¢
PI20& (BS/BEY= 571.¢€ TLo 0 TH10€6=32240 THE(EE2C4.2
PI2C4 (BE-CLT)I=S549,3 : L TW107=345,.5 TNELT7=320.2
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HEATER TEST CATA FUN HTR=1Z  CATE 20-0CT-8C TIME 11-3C

C3 (FCLE €/C)= o460 N=C4=24E€ I-C4=96484 N=CS5z0s ~ I-C5= G,
NUM OF EXCHENGEFS=6 |

PI108 (BE=IM = 294e7 (PSIA) . SR FLOW RATE (LBS/KF)= 959140
PI1C8 (B4/EI)= 284eS - HC FLOW RATE (LBS/FR)= 6E881.5
PILC8 (E1-CLT)=2774C R ,

PI2CG (Bl=It)= 648,22 (PSIA) "  THWL01=212.8 THZL1=14%.8 (CEC-F)

PI2Ck (B1/BZ)= ©1c.€ connt. THL02=25243 ‘THZG2=22841
PI204 (B2/83)= 604t . L. TH103=271.2 THWEG3=289.4
PI2C4 (B3/E¢)= 59¢.€ c . - TR104=281.€ THWel4=273.¢
PI2C4 (B&/sEE)= S87.7 o TH105=293.1 TWZ(E=282,2
PI204 (BE/RE)= S724€ oo TH10€=322.8 ‘THECE=29%.3

PI2C4 (BE~CLT)=SSC.7 oo THLGT=345.2 THELT7=2330.4




HEATER TESY -DATA RUM FTReiZ

C3 (FCLE C/7C)= +EE

NUM OF EXCHENCERS=€E

NeCLzgefE

-164-

CATE 20-0CT<8¢(
I=C4=96.84 N=CS5=0.

TIFE 11=4F

. I=CE=

BR FLCW RATE (LBS/FKR)= 9%f91&,.9
FC FLCW RATE (LBS/kR)= €<089.7

PIL106 (BE-Ib)= 29%.1 (PSIA)
PI1C8 (B4/sBI)= 28%.1
PI108 (B1«0LT)=277.¢
PI2C4 (E1-IN)= €17.E (PSIA)

TH101=212.7 TW2(1=14Ee2 (CEC=-F)

PI2G4 (B1/82)= 612Z.0
PI2G4 (B2/83)= 603.¢
PI204 (B3/sBL)= 5GE.1
PI20L (BL/BE)= 587.(
PI204 (ES/8€)= S72.3

PI204 (BE-OLT)=550.2 TN107=345.¢ TWZ(7=330.2
HEATER TEST CATA RUM FYRe1Z CATE 20~0CT«8C TIM 12-0C
C3 (MOLE C/7C)= «6C N=CLzZeEE I=CL=96484 N-C5=0. I-C5= 0.

NUM OF EXCHENCERS=®

PIL108 (BE~IM)= 294.% (PSIA) BR FLCW RATE (LBS/KR)= 9%c21.2
PI1C8 (B4/E2)= 28%.C ‘ HC FLOW FATE (LBS/:R)= £€333.4
PI1C8 {(B1-0LTY)=277,.¢

PI2CL (Bi=TI} €1€.€ (PSIB) TW101=212.¢ THWZ(1=146.3 (CEC~-F)

)=
PI20& (B1/8¢)= 641.2
PI204 (B2/33)= €03.1
PI2C4 (B3/B&4)= 5C¢,.1
PI204 (B4/BE)= 58€4C
PI204 (BE/2€)= S571,.°¢
PI204 (BE-CLY)=54¢,.E

TH102=25244
TH103=271.0
TH104L=281,¢
TH1GS=292. ¢
THLCE=322.€

TH102=252, 8
TW103=270.€
TH106=281e2
TW105:29242
TH106=3214 €
TH107=34445

THZ02=228,.0

TH2(3=289.2 -

TWEC4=273 44

TH2(E=2¢82.1

THZ(€E=294L,.8

TWEG2=227.¢€
THZ2(3=2¢C8.9
TWZ2(4=273.2
TW206=281.7
TWZ(€E=2CS4. L
THe(7=328.¢

O
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HEATER TEST DATA RUM FTR=-12 DATE 20-0CT-8C TIM 12-1F%

€3 (MCLE C/C)= 46( NeCi=Z,%€ I=Cl=z=CG6,84 N=CS5=0. I-CS= 0.
NUM CF EXCHENCEPS=E

ER FLCW FATE (LBS/ER)z StG14.1
BC FLOW PATE (LBS/HR)= €<C4S.4

PI108 (BE<IM)= 2G4.€ (PSIR)

PI108 (B4/BI)= 2€%.1
PI1C8 (B1-0LT)=277.%

TW101=212.8 TWZC1=14Fe€ (CEG=F)

PI2G4 (Bi«It)= 61€,€ (PSIA)

PI204 (B1/BZ)= E11.°
PI204 (B2/B3)= 603.5
PI20& (B3/3&)= 59%,€
PI2C4 (EL/BE)= SBE.E
PI204 (ES/BE€)= 57243
PI2C4 (BE=OLT)=54Ce6

TH102=252.1
TW103=270,7
TW104=281.0
TH105=292.1
TH106=321,2

TW107=3464s2

Twhe(2=227.9

TWZ(3=2259.0

THZ(4=273.8
THE(S5=281.7

THZC€=293.5

THW2(7=327.€



HEATER TEST DATA FRUMN KTR-12

C3 (FCLE C/7(C)= 460

NUM OF EXCHENCERS=E

PI108

PI1Ge
PILG8

PI2C4
PI2C4
PI20&
P1204
PI204
PI2C4
PI2C4

HEATER

(BE«IM)= 294, ¢
(B4/B3)= 28C.1

(B1CLY)=277,4

(81«I)= 61€st
(B1/82)= 611,11
(82/83)= 602.¢
(B3/BL)= 594.¢
(B4sEBE)= 58E,¢€
(BS/3€)= 5714 ¢
(BE-CLT)I=BL ST

TEST CATA RUM KTR=1Z2

C3 (MCLE C/70)= «€0

NUM CF EXCHANGEFRS=€

PI108
PI108
PI108

PI2C4
PI2C4
PI204
PI2C4
PI2o4
PI2C&
PI2Q4

Y T T Y Y P N T T T T I T P T P P P R AL R R PRI R Y PSR P P Y YT T

HEATER TEST DATA RUN HTR=12

(BE=IM)= 294,E

(BL/BI)= 284.E:

(BLeCLlT)=277.3

(B1=Ib)= 631€.1
(B1s82)=_€10,8
(B2s82)= 6024¢
(B3/B&L)= 594, ¢
(BEL/BE)= S8E.C
(BE/B€)= 571, ¢
(BE-OLT)=54¢C. €

C3 (FMCLE C/C)= +60

NUM OF EXCHENCERS=E

PI108

PILCS8 .

PI108

PI2CH
PI2C4
PI2C04
PI2C4
PI204&
PI2C4
PL204

(B1«0LT)=27€.7

(B1=Ib)= 615,.¢
(B1/8c)=:610.¢€
(B2/33)= 6024¢
(B3/8¢4)= 5S4, ¢
(E4sB8E)= 585,¢
(BEsB€)= ST74.¢€
(BE=CLT)=54L¢C,¢

NeC4=iet

(PSIAY)

(PSIA)

N’Cﬁ:?ofﬁ‘

(PSIA)

(PSIA)

N=Ci=Ce

(BE=IM)= 29¢¢2 (PQIA) 2
(BL/83)= 284ct

(PSIRY -
S TW102=25262

- IN103=2704¢
YW104=2804¢
TW105=29147
- TH106=320.6
CTHLI0T=3k4,1

~-165-

I‘C“=9503ﬁ‘-N‘CS=00
BR FLCW RATE (LBS/KR)=

FC FLCW RATE (LBS/kR)=

TH101=2812.¢ -

TH107=343. ¢

CATE 20-0CT=80

I=C4=96+¢84

N=CS5=(,

'CATE 20-0CT=~8C TINML 12-3¢

-THE(1=147.C (CLC~F)

- TW102=252.3 -THZG2=22841
TH103=270.€ -TWZL3=2E8.8
TH104=281.1 TWECU=273.1
TW105=291,¢ THEZ(E=281,46€

- TH106=321.2 ~THZ(€=2293.5.

TH2G7=327.€

TIME 12-4F%

BR FLCA RATE (LBS/KE)= 9t¢

HFC FLOW RATE (LBS/ER)= 6873€.4

TH101=213,9
T TW102=25243
CTH103=270.€
TWi04=28140 -
© TN10522914¢
© TH106=32141

TH107=34L3,. ¢

-:DATE 20-0CcT-8¢C
E€: I=ClL=z=G6s84 "

N‘CS$06

THZ(1=147 1 (CEC=F)
THZ02=228.1
THZ(3=228S.0
TWELL=273.1

TWZ(S=281,7

THZ(62293 44
TWZ(T7=326.€

“TIME 13=0C -

- J=CS=

G€100.8
6S003.2

I-CS= €.

- I-C5= 0.

BR 'FLOW PATE (L3S/FR)= 96911,3
“HC FLCA RATE (LBS/FF)= BEST5.4

TN104=213.9 TW2(1214743 ('EC-F)

THE20d
THELL=273.0C
£281,€

TW2(2=228.1
22%84¢

THZLS=2
THZ(€=292,0

TW2(7=328,2




HEATER TEST DATA RULN HTR=13 -

C3 (MCLE €/C)

NUM CF EXCHENCGERS=E€

PIics

PI108
PI1C8

PI204
PI204

PI2Cy

- PI204

PI2G4
PI204

PI20C4

(BE=IM)= 4031
(B4/82)= 398,€¢

(B1-0LT)=3C4.7

(E1=IM) = 584,32
(B1/8¢)= 58142
(B2/83)= S57€.3
(83/84) = 57241
(E4/8E)= 56741
(BE/RE)= SE14¢
(BE-OLT)=551, ¢

(PSIA)

(PSIA)

-166-

=}.60 N-Ck-c-.é I-CL=96.84

HEATER TESTY CATA RUN HTR=13

C3 (MOLE C/70)= €0

NUM CF EXCHEINGERS=€

PI1CGe

PI108

PI1C8

PI204&
PI2C4
PI204
PI204
PI2cs

PI2C&
PI2C4&

(BE=-T0)= LO&4.7
(B4/sB83)= LOO.3
(B1-0LT)=3%€.5

(B1«IM)= 583,€

(B1/82)= 580.¢€
(E2/B2)= S575,.€
(B3/34)= 5713
(BL/BE)= 56€.C
(BE/BE)= T€1,1
(EE-CLT)=551.¢

NeC&=2.%6

(PSIA)

(PSIA)
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HEATER TEST DATA RULMN KFTR=-12

C3 (MCLE C/7()=

260G

NUM OF EXCHENGERS=€

PI108

PI108
PI1d¢e

PI234
PI2(L
PI204
PI204
PI204
PI2CY4
PI2C4

(BE«It)= LODL.S
(BLusBY) = &40C. ¢
(B1=CLT)=3%€.7

(B1=Id)= 584.E
(B1/Bc)= S581.°¢
(B2/33)= 57€,.¢
(E3/84)= €72.4
(E4/7BE)= 5€7,¢
(BE/BE)= S561.¢E

(BE=CLT)=551.¢

NeC4=24.%€

(PSIA)

(PSIA)

CATE 20-0CT=80 TIME 1L=4E
N=C5=Ge 1-C5= 0.
—
(-
BR FLOW RATE (LBS/FR)= €2984,C
FC FLCW RATE (LBS/HR)= 530S1.0
TH1012200+8  TWZG1=14€e2 (CEGeF)
TN1022239,¢ THZCZ=217.5
TH103=258,¢ TWZC 3224747 '
TNLOL=270e0  TH2C422€243
TN105=278.7 THZCE=272.2
THL06=29642 TWECE=27S+1
TW107=338.2  TW2(7=30%.8
" DATE 20-0CT-80 TIME 15-0¢
1-C4=96. 86 N=C5=C. 1-C5= 0.
BR FLOW PATE (LBS/ER)= 63S82.5
MC FLOW RATE (LSS/kR)= 53317.F
THL101=20049 THZ(1=14€.5 (CEG=F)
TH102=239,5 THWZC2=217.5
TH103=258,8 THZ( 322476
TH104=269.8 TWZCK=2€2,2
TN1065=2784¢€ THWZ(5=272.0
TN106=29641 THZ0E=27S.0
TW107=338,¢ TW2C7=310,.2
DATE 20-0CT=-8C TIM 45-1€
I-Cb:qe.s'k N-CS:O. I'C5= Co
BR FLOW RATE (LBS/HPR)= €31G83,.,1
HC FLCW RATE (LBS/FR)= S236C.1
THL01=2004¢ THZ(1=14E0 (DEC=F)
TW102=239. € TH2(2=217 .6
"TN103=259.0 THZ032247.9
TNL04=259.9 TWZL4=2€2.4
THL052278.8  TW2(5:272.2 - -
TH106=29€43 TWZCE=27S1 o/

- TH107=337.¢

TWE(7=30G.€

X RPN RPN LY R XX KNSR Y L Y N FR Y WYY YL B2 L B LB L RRLRELLAJ



HEATER TEST CATA' RUN FTRe13
C3 (FCLE C/0O)=

€L

NUM CF EXCHENCEFS=€

PIlc8
PI1G8
PIsCE

PI2C4
PI204
PI2C4
PI2G4
PI204
PI2C4
PI2G4&

(BE<IN)= LOE4Z
(B4/E3) = LOLeZ
(B1-0LT)=367,5

= 584eS
G814¢
S7€.E€
(E3IB‘)"572&&
(B4/BC)= 56741
(BS/8€)= 561.¢
(BE=OLT)=55147

N=Ck3Z¢tE€ -

(PSIA!

(PSIAY <

i ~167-
"'CATE '20=0CT=80 TIM: 16=3C
1-C4=96.84 N-C520s  -1<C5= Q.

"8R FLCN RATE “(LBS/rR)= €3981,.€ -
- HC FLOW RATE (LBS/ER)= 5331¢.7 .

 TH104=201.3

THE(1=14E€.5 (rEC-F)
© T THW102=239,.8 ‘THZ(2=217.8
w0 TH103=259.0 THEC3I=248,0
e THL04=270e1 THZCL=2€2,5
2T TH106=2T7869 0 THZ(S227243
©T 0 'THL106=29643 TWZL6=275.2
T TW107=337.¢ TWE07=310.0
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HEATER TEST DATA RUMN HTR«13

C3

(¥OLE C/C)= .60 -

NUM OF EXCHENCEFS=€

PI1CE

PI108
PIi08

PI204

PI204
PI2C4
PI204
PIZ2o4
PI2C4
PI204

(P1=I}) =

(B6=It)= L0S,7

(B4 /82
(B1=0LT)=397.7

S84ec
5814€
ETELE

S7244

(81vs82) =
(82/8%)=
(B3/84)=
(B4/3E)= S6Tek
(BS/8€)= S61.€
(BE=QLT)=552.1

NeC4=2

APSTIAY':

(PSIAY i
)= 40145 0

CATE 20-0CT=80 TIME 15-4%

€€ I=C4=96.84 N=C5=Ce * T=C5= 0.

ERFLOW RATE (LBS/FR)= '63081.6

. FC FLOW RATE (LBS/ER)= 53343.2 -

| THL01=20040  TW201=14€.2 (OEGF).
T TNAD2=239.€ - TW202=217.7
- TW1032259.1  TW2U3=248% n-i_;;
TNL04=26948  TWZCUz2€242
©TW10E=27849  TH2(S=272.3
TH106=29€.2  TWE(€=27%.2
THL07=3374€  TWZCT7=3GS4E€
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HEATER TEST CATA LM HTR=13

c3
NUM

PILCE

PI1C8
PI1C8

PI2C4"

PI204
PI2G4
PI2C4
PI204
PIZ204
PI2C4

(Bi=IM =z

(MCLE C/7C)= 6C
CF EXCHENCGERS=€

(BE=IM)= LOELC

(B4/EB3)= L0ia b

(B1-CLT)=3G7.¢

: 584, €
{B1/8¢c)=
(B2/81)=
(BI/BL)=
(B4/3¢)=
(BE/BEY= 561,¢
(BE=C\T)=551,¢

5T¢€.E
572'3

S814¢

NeCli=Ze L€

E67¢1

(PSIA)

CCATE 20-00T<80 TIM - 1€=0l
I-C4=96484 N=CS:Ca - I-CS= O

BR FLOA FATE (LBS/HR)= €328%1,1
S UHC FLOW RATE (LBS/KR)= SIEEC,E

(PSIAY =

‘TH101=20141. THZ(1=z14E.7 (C&C-F)
5 TH102223948 THEG2=21840 -
o TN103=25%.0 TIWNEC3I=248.0
- TW104=27040 TH2U4=2€2.5
. -TH10E=279.8 'TN2(5=272i“‘
“2 TH10€=29643 TWZ(E=27944 -
TW107=333.1 TH2G7=31044

e eesescesccsceseenrcasscdessEsvers ast s soBran s anrescEs s s wcesenannecsseaesnse -




HEATER TEST DATA FUN FTR=33
C3 (FCLE C/7()= L€

NUM OF EXCHENCERS=6

NeC4=2,%€

~168-

DATE 20-0CT-8C TIM

JaCL=96,84

Ne=CS5=(,

16-1%

1-C5= 0,

PI1C8 (BEeIt)z L0 E€ELC (PSIA) ER FLOW RATE (LBS/KR)= 6425%,.0
PI1C8 (B4/s83)= LO1.¢ HC FLOW RATE (LBS/FR)= €3S77.C
PI1C8 (B1-CLY)=39¢&.C ' '

PI204 (Bi1-IM)= S84e € (PSIA). TH101=201.3 TWZ2(1=214€.€ (CFG~F)
PI20L (B1/BC)= 581.¢ TH102=240.0 TH2(G2=21840 L
PI204 (BZ2/83)= 577.1 - TH103=259.3 THR203=248.2

PI2CL (B3/B&4)= S572.7 TW104=270,3 THEC4=2€2,7

PI204 (B4/BE)= S567.€ TH105=279,1 TW2(5=272.5

PI204 (BE/BE)= €62.C TWLi0€=296.¢ TWZCE=278,9

PI2C4 (EE-OLT)=55¢.1 TW107=338.1 TW2(7=310.8

HEATER TEST DATA RUN FTR-13 CATE 20-0CY~-80C 7TIMt 1€-3(

C3 (FOLE C/(C)= €C NeaClz=Zet€ J=Clz=9b6484 N=CS=0, 1-C5= 0.

NUM CF EXCHENGERS=€

PI108 ER FLOW RATE (LBS/FR)= €4260.1

PILC8

(E€=IM)= LOEs3 (PSIR)
(B4s33)= LE1.€

HC FLOW RATE (LBS/tR)= 533cS5,.8

PI108 (B1-0LT)=3S8.3

PI204 (Bi=IN)= 584s4 (PSIA) TW101=201.2 THZ(1=14€sl (CEG~-F)
PI2C4 (B1/BZ)= 581.3 TH102=239.9 TWe(2=217.9

PI2C04 (B2/83)= STE.E TH103=259.2 TH203=24L8.2

PI2G4 (BI/BL)= STCel TWiG4=270.1 THZ04=2€2.5

PI204 (BUL/EE)= 56742 TH105=27%.0 TH20E=272.5

PI204 (BE/3E€)= 561.¢€ TW10€=296. ¢ THZCE=27CS.3

PI204 (BE=OLT)=551.7 TW107=338.0 TW2(T7=310.8

HEATER TEST DATA RUM KFTR-15 CATE 20-0CT=-8C TIM 17=LE%

C3 (FCLE C/C) = 460 NeCh=Z4%€ I=C4=96,84 N=C5=0,. I«C5= 0.

NUM OF EXCHENCEF.S=6

PI108 (BE=IM)= 294.€ (PSIA) ER FLOW RATE (LBS/KE)= 97€81,1
PI10G8 (E4s82)= 285.( ’ BC FLCW RATE (LBS/+R)= 8L303.8
PI1108 (B1-0LT)=277.2 '

PI2C4 (B1-It)= €32e€ (PSIA) THW101=207.2 THZ(1=1€1.7 (CEC~F)
PI2C4 (E1/EC)= B24.4 TH102=2641,42 THWEC2=21C.4

PI204 (B2/33)= 613.1 TW103=26043 TH2C3=247.€

PIaCy
PI204
PI2t&
PI2C4

(E3/784)= €02.4

(B4/8E)= ©90.2
(BE/2€E)= 575.¢
(EE-CLT )=552.4

THWi04=272.2
TW105=282.8
TH10€=302.4
TH107=364Ge 4

THZ(4=2€3.0
Th2CE=
THW2(€=2821.9

- THE2L7=309.5

2?“011



HEATER TEST OATA RUM HTR~1E
C3 (rOLE C/70)= .60

NUM OF EXCHINGERS=E

PIiCS

PI1CS8
PIs08

PI2L4
PI204
PI2ty
PI2C4
PI2C&
PI2C4
PI204

(B4sB2) =

(BE~IM)= 295, (
28%.4
(31-CLT)=277.3

(Bl=It)= 632.¢

(B1/382)= €2¢,3
(e2s83)= 612, ¢
(B3s8L)= 60¢c.C
(B4/B¢)= 5CE.7
(BE/B€)= S5TC.4
(BE€E«GLT)I=551,¢

"N=Cl=Z.56
(PSIA)

(PSIAY-

-169-

CATE 20=-0CT<8¢C
I-C4=96.84

N‘c5=0.

TIML 18-0C

I-C5= (.

ER FLCW RATE (LBS/FR)= G7€77.€
BC FLCHW RATE (LBS/ER)= 8L2IL,E

TW101=297.4

TW102=240 49
TW103=260.1
YH104=272,0
TH1065=282.€
TW106=301.¢
Tw107=3““05

THZ(1=1€2,.2
TWZ02=219,2
TH203=2Q7.“
THZCU=2€2.8
TWZ(E=273.9
THW2(E=2¢€1.8
TWE(?7=309,2

(CEC=F)

HEATER TEST CATA RULM HTR-15
C3 (MCLE C/7C)= o6C

NUM OF EXCHANCEFS=E

PILCS

PI1C8
PI1C8

PI2C4L

PI204
PI204

PI2C4

PIZ204
PI204
PI204

HEATER TEST DATA FUMN FTR=1€

(BE=It)=

29¢%.1
(BL/R2)= 28C.F
(B1=0LT)=277+E

(B1<Ih)= €32.C
(B1/82)= €24. ¢
(82/8%)= 613.C
(B3/8L)= 60243
(B4/s3S)= 59040
(EE/8€)= 57C.7
(BE<CLT)=55¢2,.2

C3 (FOLE C€C/7C)= <60

NUM CF EX(HINGERS-Q

PILCB
°1106
PI1G8

PI204

PI2CL
PI20C4
PI2C4
PIaC4
PI204
PI204&

flEE*IP)' 360.1
{B&/B83)= 29¢€.¢

(B1-0LT)=28 €€

‘(Bi=IM)= 68€.7
(B1/BZ)= 67<S.C

(E2/83)= 668,23
(B378L)= €57.€
(B4/ES)= €£3%S.¢
(B5/BE€)= 6124c
(BE=CLT)I=588,3

N=C4=Za¢¢

(PSI&)

(PSIAY

N-Ck:i..
(PSIA!

(PSIA)Y

" BR-FLCHW

I=CL=%6.84 N=CS=C.

TW101=207 44

- TH102=24049

TW103=268.1
TH104=27240
TH106=282.¢
TW106=301.€
TH107=344e &

" OATE 17=NOVe8{

I-Ck=96.SA'

ER FLOW RATE (LBS/KR)= 9317

N"C 5=0.

CATE 20-0CT-8C TIML 16-1F

TW2(1=1€c.2

THZC2=21C.3
TW203=2LT7 4

- Tw204=2€2.,8

THZ(5=273.¢
TWZ(€E=281.¢
TWe(7=309.1

"TIFL CB8ei€

1-CS

= Ce

RATE (LBS/FR)= S731C.1
“HC FLGW RATE (LBS/ER)= 8L23€,7

(CECG~F)

FYYI Y RYT TR PR R Y LR YT Y Y L LR L A 1 N X L& T X L R & K 2 X L 2 L L K & L 2 R N B 2 X 4 K L X =B J

- I=-CS= C.

3.7

+C FLOW PATE (LBS/kKFK)= 813C€E.4

TH101=194.8

TW1G2=24844

YH103=27G,.9
TH1C4=304.€
TH105=34bL W€
TW106=294,€

- THW107=309.3

- TWZ(1=115.¢
- TWEC2=213.0

THZ2C3=28G.4
THWZC(L=284e7
THZ(E=3C7.8

TN‘CE 30\-04 -

TWez(7=2%8.8

(CEG=F)

e L X F E L L X L R X LN XL XL XL L XL XL NI 2 L X2 X L2 L LA XL XL X LA L X L XL L XKL RLLELNLERLREZLLSNJ




HEATER TEST DATA RUMN HTR-1%

C3 (MCLE ((7()=

o6 N'C“=Zo!

NUM CF EXCHENGERS=4

=170~

€ 1=C4=86,84

OATE 17-NOV-8C TIM. C(8=3(

"BR FLOW RATE (LBS/FR)= Q2167 .4

PI108 (BE«IM)= 30C.C (PSIA)

PI1C8 (B4L/B3)= 2GE,E +C FLCW RATE (LBS/kR)= 810€2.5
PI108 (B1=0LT)=288.2 - S
PIZC4 (Bil-IP)= GBE.C (PSIA) TH101=195,¢ TH2(1=11645 (CEG=F)
PI20L (E1/BZ)= 678.3 . TH102:=248,7 TNZ02221347
PI204 (B2/32)= 6675  TW103=280.0 TN2({3=259,¢€

PI2C4 (B3/8L)= 65&.5 TH104=304e7  TWEC(L4=2844Q

FPI204 (BL/SE)= €37.€ T IW105= 384, € TWZCE=308,0
PI204 (85/3€)= 6104°€ TH10€=295.4 TH2(62303.9
PI204 (BE=CLT)=587.C  TW107=303.¢ THWEZE7=299.0
HEATER TEST DATA RUM FTP=1€  CATE 17-NOV=8C TIMi (84S

C3 (MCLE C€/C)= ¢6C0 NeClzZet€ I=Ci=Sbe84 NeoC5=0es  I=C5= 0.

NUM CF EXCHENCGERS=L

PI108 (BE=IM)= 300.1 (PSIA)
PI1CE (B4/B2) = 2C€.(
PIL1C8 (B1-CLT)=288.4

B8R FLOW RATE (LBS/ER)= G2172.1 .
FC FLOW RATE (LBS/+R)= B152i.t

PI20&4 (B1~IM)= €34.E (PSIA) TW101=19L,. ¢ TWZ2C1=117.2 (CEC=F)

PI2CG4 (B1/82)= €77.¢ TH102=24844 TW2(2=213.3
PIZ04 (B2/33)= 666.cC TH103=279. 4 TW203=2E6.0
PI204 (B3/8BL)= H5C.C TA106=304.1 TH2C4=284.3
PI204 (BL/EE)= 63€.5 TW105=344,3 TWZCE=307.0 -
PI2Z04 (BE/3€E)= €0S43 TW106=235.0 TWZ{€=3C3.C
PI2CL (BE=CLlT)=58%,12 TH107=234 .0 THZ(7=2S8.C

HEATER YEST CATA RUM FTR=1E€ CATE 17-NOV-8C TIM (°9-0(

C3 (FCLE C/()= «60 N=CiuzZet€ I=ClL=z=96484 N=C5=0, I-C5= 0.

NUM CF EXCHENGERS=4

PI1G8 (BE=IM)= 300641 (PSIA) BR FLCW PATE (LBS/ER)= .s3€0. :
PI1C8 (BusBl)= 2S€.( ¥C FLCW RATE (LBS/HR)= 81212.€
PI1G8 (B1«0LT)=28¢.°5 2 S
PI2C4 (Bi-IN)= 685.€ (PSIR) TW101=195.2 TH2(1=117.€" (CFG-F)
PI2C4 (E1/Be)= €77.C TW102=248,4 TRe(2=213 44

PI204 (82/82)= 66E.1 TH103=2794 THE03=28G.0 -

PI2C4 (BE3/BL)= 655.¢ THi04=304.0 - TWZ2G4=284.2 -

PI2C4 (B4/BE)= 63€.€ TH105=3k440 TWeCE=307.0

PI2G4 (8€/8¢€)= 60C. TW10€=29443 THECE=3C3.4 -

PI2C4 (BE-OLT)=58F.F TW107=291,.¢ THECT7=2¢S8.0

! A X R N K X KR & 2 B K L K L 3 L X X B & X 2 X & B R X F X X 2 X ¥ X X 2 2 E L N 2 X L N X N L 2 L X = L ER L EXE N E N 2 R § 2 X J
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HEATER TEST CATA FUMN KTR=1€  CATE 17«NOVeB8C TIME (Qeit

C3 (MCLE C/7C)= +60 N-C§=2.56 I-C4=96.84 N=C5=0. 1-C5= G.

NUM CF EXCHENGEFPS=4

PI108 (BE-IM)= 30C.Z2 (PQIA) ER FLOW RATE (LBS/kR)= 9354¢.0
P11068 (E4/EI)= 29€E.¢ FC FLOW RATE (LBS/HR)= 811€E5,.S
PI108 (B1-0LT)=28¢.CE

PI204 (B1-It)= B8L.C (PSIA) TH101=135.% THEC1=118.0 (CEC=F)
PI204 (B1/BZ)= ETE.E TW102=24843 THE02=213,.%

PI2CH (B2/Bl)= €EC.S TW103=279.% THWZE3=2€89.1

PI204 (B3/8L)= €5447 TH104=30460 The(4=284,.0

PI2C4 (B4/BE)= B3€. 4 TW105=344.0 TWELE=307.0

PI2C4 (BE/BE)= 60C.2 TW106=293.7 THE({€E=3(G3.3

PI204 (BE<CLT)=58%,4 TH107=28843 THE(T7=2¢€T7.8

HEATER TEST OATA RUN FTR=1E CATE 17-NOV=-80 TIMt (9-3C

C3 (FCLE C/C) = «6C N=C4=Z+t€ I-CL=96.84 N=CS5=0. I-C5= C.

NUM OF EXCHENGERS=4

PI1CG8 (BE=-It)= 30C.C (PSIA) ER FLCW RATE (LBS/FR)= SI%49.0
PI108 {(B4sBI)= 29C%.¢ HC FLOW RATE (LBS/kKR)= 81411.¢
PI108 (B1-CLT)=288.¢

PI204 (Bi<IN)= 683.E& (PSIA) TW101=1354¢ TW2l1=118.,2 (CtG=F)
PI2C4 (BisBZ)= 67€.3 TW102=2L4845 THE(23213.8

PI204 (B2/BI)= 65%.€ TH103=279.4 TH2(03=259.1

PI2C& (B3/BL)= €54¢E TH104=303.¢ TWZ04=284,42

PI2C4 (B4/BE)= 63E.C - TH10S5=344e3 THZ(5=306.¢

PI1204 (BE/B€)= €0CS & TH10€=293.€ TW2(€=302.8

PI2C4

[ Y 2P E R S XY R RS AN NTYE Y ¥ ARELAEE TR RN LTI EY NI AR NN REEERSE N 2L L X J

(BE=OLT)= 58‘-1

TH107=287.4

TH2(?=297.7
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NOMINAL 90/10 HEATEkR DATA




HZIATER TEST DATA RLM $TR=17

C3 (FCLE C/7C)= .54
NUM CF EXCHENGERS=4
PLLC8

PI108
PIic8

(BE=IM)= 2G€.¢
{BL/33)= 292.7
(B1=CLT)=284.€

PI2C4 (Bl=Ib)= 6BE,E
PI204 (B1/BZ)= 6784t
PI2C4 (B2/83)z 667+¢

PI204 (BZ/3L)= 65€+¢
PI2CL4 (Bu/s8E)= 6LE.T
PI204 (BS/BE)= BLElL€
PI204 (BE-CLT)=596.14

L L X A X X X L 3% K ¥ X ¥ 1 .-------..,- LA E R 2 L £ L L X 1L 2 ¥ ¥ 2 2 3 2 1T R 1 2 B ¥ 1 X2 R LTI Y NEEERREY W'

HEATER TEST CATA RUM HTR=1?

€3 (MCLE C/C)= o5&
NUM CF EXCHENGERS:=z4
PI108

PI1GE
PIL08

(BE«IP)= 2C€E.cC
(B4rs323)= 292.¢
(B1-0LT)=284.¢

PI204 (Bi-IM)= EBELE

PI2G4 (Bi/BZ)= 67841
PI2CL (EZ/RI)= €€7.€
PI20& (B3/BL)=z= 657.1
PI2C& (E4/BE)= B4leC
PI204 (BS/3€)= 617.1
PI2C4 (BE=CLT)¥=5¢7.C

NeCl=g,420

(PS148)

(PS1IA)

N*Ck:i.lﬁ

(PSIA)

(PSTA)

HEATER TEST DATA RUN +TRe17

C3 (MCLE C/()= .54

NUM CF EX(HENCERS=4

NeCl&=¢g,

(PSIA)

PI108 (BE=IM)= 29€.C (PSIF)
PI108 (BL/33)= 29C.1
PI1(8 (B1-GLY)=284.E
PI204 (El<IM)= 68%e1
PI204 (Bi1/EBC)= B77.€
PI2CL4 (BZ/Bl)= 66741
PI204 (B3/34)= 65€C
PI204 (B4/EE)= €4C.C
PI204 (ES/BE)= 61€.7
PI204 (BE-OLT)=5%¢€.¢

-174-

CATE 19-NOV=8(
1‘0“366097 N-C5= .ké'

ER FLOW RATE (LBS/kK)=
HC FLOW RATE (LBS/FR)=

TW101=2004¢
TH102=25€40
TH103=287,¢
TH104=310.¢
TH105=366.0

TH10€=29G,8

TH107=322.¢

CATE 19=NOV=-8Q0

I=C4=86,97

ER FLGW RATE (LBS/FR)= GucC8E.F
HC FLOW RATE (LBE/ER)=

TW101=201,0
THL02=25€.€
TH103=287,8
TW10L=311.1
THW1C5=346.8
TW106=300,.1
TH1C7=31€.S

CATE 19-NOV=3(

I«CL=868497 NeC5= ,4f

ER FLCW RATE (LBS/iR)=
HC FLCW PATE (LBS/HR)=

TR101=201.¢

TW1G2=25€.7
TH103=287.8
TW104=311.1
TH105=345,.¢
TW106=30047
IW107=31Ced

NeCE= o4&E&

TIMt 10-GC

THZ(1=11S.,8 (LEGeF)

THZC2=219.3
TWZ( 3=2€€. 8
TH204=292.3
THZ(5=312.1
TWZCE=307.8
TW2(7=304.0

TIME 10-1°2

TH2C1=12040 (CEG=~F)

TWee2=222.C
TWEC3=2€T7.2
THEGL=2C247
TW2(5=312.2
TWZGE=308.0
TRELT7=3CL.5

TIFE 10-3C

THEC1=12042 (CEG=F)

ThZ(2=220.2
TWE(I=2€743
THE( &=292.7
TWE(5=312.2
TRZ(E=308.0
TWZLT=30L.5S

I=CS5= !

€4807.1
€1334.€

I-C5= C.71

8i1042.1
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HEATER TESY CATL KLMN FTR=17. . DATE 19-NCV-8( TIM 10<-4%

€3 (MCLE €/C)= oS54 KeCl=ziel0 - J=ClL=86497  N=CS5=z o4& I-C5= 2,71

NUM CF EX(HPENCGEFS=4

PI108 (BE«IN)= 2S€4C (PSIM) ER FLOW RATE (LBS/HR)= 94CRE,1
PI1G8 (B&/83)= 29Z2.C "~ FC FLCW RATE (LBS/KR)= B8(L7E€.4
PI1{8 (B1-0LT)=284,¢ o o
PI204 (BleIP)= HB4sE (PSIA) - TW101=20142 ' THZ(1=120.1 (CEC~ F)'
PI2C4 (B1/8Z)= 67744 TH102=25648 TWE(2=220.2
PI204 (BZ/B3)= 6E€E.7 TN103=287,S THE(E2=2€743
PI204 (33/34)= 65€41 © TW104=311.0 TR LL=2C2.8
PI2C4 (B4/BE)= €3S,5 . TH105=34%6.0 TWZ{5=312.4
PI204 (EE/3€)= €1€eC - YTW1D06=301.0 TWZ(€=30840
PI204 (BE=OLT)=59€.1 - TH107=335.7 TWZCE7=304.5
HEATER TEST DATA FUMN HKTR=17 . CATE 19=NOV=-80. TIME 11-0C

C3 (MOLL C/7C)= oS4 AN=Cl=zZ43C T=C4=BBeT7 " Ne=CBE= 48 I1-C5= ¢c,.71

NUM CF EX(MENCEFS=L

PI1G8 (BE=ItM)= 2%€.C (PS'&) . VER FLCW FATE (LBS/FR)= Si7¢SC.C
PIL1(8 (B4/sB83I)= 2C1,.¢€ : ’ HC FLCW RATE (L8S/HR)= 80478.1
PI1C8 (EiL-CLT)=cEl.1 . :

PI204 (Bi=IM)= 6E5.C (PSIA) ~: TW1G1=201.¢ ~THWZC1=120.2 (CEG-F)'
PI204 (B1/3g)= 6717.€ TW102=257.1 YWg(22226.¢

PI20& (BZ/BI)= €67.0( TWi03=288.1 TW2C3=2€7.E€

PI204 (B3/3L)= €5k THLi04=31142 THZL 4=263.8C

PI2CL (BL/ES)= €3C.E - TH105=346.0 THELE=312.€

PI204 (ES/RE€)= €1€.¢& - o YN106=301.0 TW2(E=30844 -
PI204 (BE=CLT)=5CE.E o THL07=361.08 TWECT=3CLsS

HEATEP TESTVDATA FUN F7R«17  CATE 19=NOV~80 " TIME 11-1€¢

C3 (MOLE €/C}= o5& N=C=Z.30 1-CL=86,97 N-CS= I-C5= €,71

NUM CF EXCP‘NGEFS:&

kB

ER FLCW RATE (LBS/FR)= SL7€2,1

PI1C8 (BE=IM)= 29E,.¢ (PQIA)

PI108 (B4/93)= 2G1.7 . FC FLCW PATE (LBS/HR)= R(757.€
PI408 (B1=CLT)=284.C N '

PI204 (Bie=IM)= 6E84eT (PSIA) ©TW101=201.4 TWZ01=12041 (CLC=F)
PI2GCL (Bi/32)= €7€.€ ° ' "TH1(2=25€47 THZLZ=22C0.2

PI2C4 (EZ/B3)= EEE.2 TH103=287,9 TWELI=2€7.4
PI20& (B3/73L)= 6E5.7 - S TW104=311.1 TRELU=29247 -

PI2C4 (BL/BE)= E3Ces - TN105=346.28 TW2LE=312.6

PI2C4 (ES/8€)= €1€.43 THW106=301.0 THWeCE=I0R.0

PI204 (BE-OLT)=5G€.L - TN107=297.¢ TWEL7=23CL.S

T T YT YT YYITIIxxyryyryr Y X R R Y YT R RN LR A R 2 2 L A K AR & X 4 B A A A KL A L LR L A L &4 cee ‘. L L X




HEATER TEST DATA FUM KTR=17
C3 (FCLE C/7C)= <54

NUM CF EXCFENCERS=4

PI108
PItL08
PIL(8

PI2G4
PI204
PI204
PI2g4
PI2cy4
PI264
PI204

L LA R T AL I RN Y P YR YRR Y NI R Ry Y Y Y Y Y I L LR X E X 2 2 2 2 N ]

HEATER TEST DATA RUN FTR=17
C3 (FOLE C/C)= oS54

(BE=IM)= 2944 (PSIR)
(B4/32)= 291.¢
(E1-0LT)=283, ¢

(Bl=IN)= B84.1 (PSIA$

(B1/BZ)= 677.C
(B2/B3)= 6EE.E
(B3/34)= €%5€.0
(B4/BE)= €3%S.5
(BE/BE)= 61€42
(3€E=CLT)=5%€.C

NUM CF EXCHENCERS=4

PI108
PIi08
PI1Cs8

PI204
PI2C4
PI2CuL
PI204
PI204
PI2C4&
PI204

HEATER TEST DATA RUMN HTR-18

(BE=IN)= 29S.€< (PSIA)
{84/83)= 292.¢C
(B1-CLT)=284.C

(B1-IM)= 684sG (PSIA)

(B1/B2) = €77.€
(B2/83)= 66€.4
(83/3L)= 65€.C
(BL/BE)= 63¢,7
(ES/B8€)= €1€.°¢
(BE=OLT)=5G€E.¢

NeClzc,e30

N=C&=2.30

-176-

I-ClL=86,97

N=CS5= L4¢&

- CATE 19=NOV~8C TIME 11-3(C

= €

T«CS5

¢.71

BR FLOW RATE (LBS/FR)= ©47982,1
FC FLON RATE (LBS/HR)= 8C4SE.4

TH101=20144

TN102=257.0

- TH103=28840

THi04=311.2

IH106=36641

TH106=301.1
TH107=296.¢

leC4=86,97

NeCS= J4B

THZC1212040 (CEG=F)

TWEt2=220.4

TWZ03=2€7.5
TW2(4=292.8

TWE(5=312.5
THZ(E=30842

THW2(7=304e7

CATE 19~-NOV=8C TIME 11-4°%
I=C5= S.71

ER FLCW RATE (LBS/FR)= 9LECSS.S
HC FLOW RATE (LBS/ER)= 7SCT &L

TW101=201,°¢
THi02=257.1
TW103=288.1
TH104=315.2
TH105=2345.7
TIN10€=300,7
TH107=295,.¢

CATE 19-NOV-80

THe(1=119,8
TRE(2=220.€
THW2(3=2€7.€
TW2(4=292.€¢
TH2(S=312.4
THZ(E=308,2
THELT7=3C84.7

TIME 13=-CC

(CEG=F)

C3 (MCLE €/C)= o454 N=Cu4=2¢30 I-Clt=86497 N=CS= 4E I-C5= ¢.71

NUM CF EXCHENCEFS=€

PIiCe

PI108
PIL08

PI2(%

PI204
PI2C4
PI2C4
PI204
PI2C
Pr2e4

(B€E=IM)= 3CC.E (PSIA)
(E4/B3)= 29C, €
(B1-0LT)=2823.2

(B1=IM)= 655.2 (PSIA)
(B1/8Z)= 64S.4
(B2/E3)= BhlyE
(E2/9L)= 634
(B4/3€)= 62546
(BE/BE)= €14,
(BE~OLT)=5G £, €

BR FLOW RATE (LBS/FR)= 93(0%1.3
HC FLOW PATE (LBS/tK)= 70177.14

TW101=202. 4
TW102=25240
TH103=275.2
TW104=287,¢8

" TH105=29844

TH106=317.4

-THN107=342,¢€

The(1=119.¢
THE02=219.5
TWEC3=2€L .S
TWECLU=27E .7
TWZ(522AR8,7
THZ2(€E=2¢8.4
TW2(7=323.1

(CEC=F)

Yl
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HEATER TEST DATA RUMN FTR-1€  CATE 19-NOV-80 TIMEL 13=-1€

C3 (FCLE C/C)= o54 N=Ch=€4IC I=C4z86437 N=CS= <48 I=C5z= C471

NUM OF EXCHENCERS=€
PI1Ce (BE=It)= 30C.E (PSIA)

PI108 (B4/82)= 290,.¢
PI1G8 (B1-CLT)=283.13

BR FLCW RATE (LBS/KR)= 9230¢6.2
HC FLCW RATE (LBS/HR)= 6€€32.9

TN104=20241 TH2C1=119¢2 (CEG=F)

PI2CL (Bi=IM)= €S4.7 (PSIA)
PI2C4 (B1/32)= 6ULC.C :
PI2C4 (BZ/B3I)= 641.2

PI204 (B2/8L)= 633.€¢

PI2CL (B4/BE)= 62%.C

PI204 (BE/BE)= 61&e2

PI204 (BE=CLT)=59¢&.¢

TH102=251.¢
TW103=27%.1
TW104=287+€
TH105=298.2
TW106=3164¢
TW10T7=34243

HEATER TEST CATA RUM KTR=-18

C3 (FCLE C/7C)= oS4 N=ClU=c£ae30( I=-CL=E6497

NUM CF EXCHENCEFS=E

PI108 (BE=IM)= 3GC.4 (PSIA)

PI108 {B4/BI)= 290, ¢
PI1C8 (B1-01T)=283.C

TH101=202.€
TH102=2¢52.0
TW103=27544
© TW104&4=287+¢
C TH105=29844
TH10€=316,¢
TH107=342+1

PI204 (Bi=IN)= 65€.,€ (P3IA)
PI204 (B1/8c)= 651.¢ :
PI2C4 (B2/BI)= 6L3I. ¢
PI2C4 (B3/3L)= 63€.¢
PI2Q4 (BL/3E)= 627.4
PI204 (BS/BE)= 617.C
PI204 (BE=CLT)=€02.0

DATE 19-NOV-80

N-CS: «UB

- THZ(2=228.2
- TWE03=2€0.3
- TH20L=27847
TN2(E=289.5

TWZCE=2G8,2
TH2(7=322.¢

TINE 13=4E

BR FLOW RATE (LBS/KFF)= 91048.C
HC FLOW RATE (LBS/ER)= €S385.°8

THZ(1=119.,3 (CEG=F)

TWe(2=220.%

© TWZG 3=2€0.€
" TWNZ04=278.8

TH2(06=289,7

T TWZ(€E=2S8B.4

TWZ(T7=322.€

I-C5= 9.71

EFX TR RN XX F ¥ RN T L XX EY L EY L L L LT ELLLE T L I I L 2 & 2 2 3 R L & 2 R K L X2 & L X K R 2 & 2 K N J

HEATER TEST DATA RUN rTR-18 CATE 19=NOV=20 TIMt 14-0f

C3 (MCLE C/C)= o54 MN=C4=Z420 TI=C4=B86497 N=CS5= o4E I-C5= S.71
NUM CF EXCHENGERS=E |

- ER FLOW RATE (LBS/HR)= 91049.8

PI1C8 (BE-IN)= 30C.5 (PSIA)
. HC FLCH RATE (L8SS/KR)= €S83€.4

PIL1GE (B4/s33)= 290, ¢
PTiC8 (B1-0LT)=28l.c¢
" TW2061=119,2 (LEG=F)

‘PL204 (BieIN)= EBE.7? (PSIA) TH101=2024¢

.TH102=252.C
- THL03=27%,.¢
TWL04=283,0
THWi05=298,.¢
TW106=31€,7
TW107=342e1

PI204 (B1/3c)= 65148
PI2C4 (B2/B2)= €LIW7
PI204 (B3/3L)= €3€.2
PI2CL (B4/BE)= €27.32
PI204 (BE/BE)= 617.C
PI2G4 (BE-OLT)=602.C
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TWZ2(2=220,.€
TW2(3=2€0.8
TW204=278,.,9
THZ(S=289.9
TWZ2(E=2CE,E
TH2(T=322.¢




HEATER TEST DATA RUM HTR=-19

C3 (FCLE C/7C)= .54

NUM OF EXCHEINCGERS=€

pIioe
PILCE
PIiGe

PI204
PI2CL
PI20C&
PI2C4
PIZ204
PI204
PI2C4

(BE=IM)= 304.C
(Bus83) =z 2G8,(
(B1-CLlT)=2C2.2

(Bi=Ip)= €3€e3
(B1/8¢)= 633.¢
(B2783)= €2¢,7
(E3/B¢)= 625.7
(BL/BE)= 62047
(BE/3€E)= 51243
(BE-OLT)=€02. ¢

NeC4=cell

(PSIA)

(PSIR)

HEATER TEST CATA RUM FTR-19

C3 (MCGLE C/7C)= .54

NUM CF EXCHENCGEFS=€

PI108
PILCE
PIiCS

PI2C4
PI2C4
PI2G4
PI204
PI204
PI20G&
PI204

(BE«IMN)= 304.C

(B4rsEI)= 2987.7

(B1-CLT)=292.C

(B1=Ih)= 637
(B1/82)= 634aE
(82/33)= 63040
(B3/84)= 62€.(
(B4/8E)= 620, ¢
(BE/B€)= E51.F
(BE-OLY)=601.¢

N=C4=2,30

(PSIp)

(PSIA)

HEATER TESY DATA RUM FTR=-16

C3 (FCLE C€/0)= ¢S54 NeCl=2,30 1I=CL=88497 NS5z L4E

NUM COF EX(HENCEFS=€

PI1GE
PIiCSE
PIiCe

PI2ty
PIZ2C4
PI2C4
PIlacy
PI204
PI2oy
PI2CY

(BE=IM)= 304,E
(BLsBIY= 2G7.E
(B1-0LT)=292,4

(B1=IM)= €372
(BE1/82)= €34e4
(B2/83)= €30,3
(E3/78L)= 62€.°C
(B4/BE)= 62143
(2€/3€)= 61244
(Be-0LT)=602.°5

(PSIA)

(PSIA)Y

-178~

DATE 19-NOV-8¢C

I-CL=86,97

N‘C = . ‘08

TIME 15-31F

J«C5= 9471

BR FLOW RATE (LBS/HR)= EBC148.€
HC FLOW RATE (LBS/ER)= 4<075.8

TWiC1=219.¢€
TW1(2=268.0
TH103=28843
TW1C4=298,3
TW105=313.4
TWi106=333,3
TH107=341.2

CATE 19-NOV=8(

I«C4=86,97

NeCS5= 448

TR2(1=118,.¢

TWZ(2=24G.0 |

TH203=277.0
THZ(G4=2S0.3
TW2CE=299.7
TW2(€=319.8
THEC7=3377

TIvgE 15-3C

(CEG-F)

I-C5= 9071

B8R FLOW RATE (LBS/tR)= 80147.1
FC FLOW RATE (LBS/ER)= LER18.3

TN1014=219.7
TW102=269.¢8
TW103=288.8
TH104=239.5
TW105=315.0
TW10€6=334ei
TW107=341.¢

DATE 19-NOV-8C

TW2(1211843
TWZ(2=24049
TW203z277.5
TH204=291.4
THZCE=300.4
THZ (6232240
THE(7=338.€

TIME 15=-4F

(CEC=F)

1‘052 9071

S8R FLOW RATE (L3E/+K)= BC141.1
FC FLCW FATE (LBS/ER)= 4ESER.C

TH101=220.1
TW102=26G.8
TW103=289.2
TW134=299.9
TH105=315.5
TH10€=335.0
THi107=341e4

TWZ(1=118.0
THE(2=24142
TWE03=278.0

TWeb4=2C1.8

Th2(E=301.0

- TW2(6=322.9

TW2(7=33G.0

(CEC=F)

(2]



HEATER TEST CATA FUN HYR=19 ' CATE 19-NOV<80 TIME 1600
o C3 (MCLE C/C)= o454 NeCi=Za30 I=-CLE86497 N=C5= o4& -'I=05= Se71
NUM OF EX(HINGERS=E ‘ |
PI1G8 (BE=IN)= 30Let (PSIA) BR FLCH PATE (LBS/MR)= BL134eQ .-
, PI108 (B4/BI)= 298.C ": ;.- HC FLOW RATE (LBS/FRY= LESG1.1 . .
: PI108 (B1+0LT)=26243 . - - ‘L A
PI204 (B1-IM)= 637.,6 (PSIA) | TW101=220.€  'TWZ(1=117.€ (BEG-F)
. PI204 (B1/82)= €34e3 . THL02=27046 - THZ02=242.0
PI2C4 (B2/BI)= €301  THi03=289.€ . TH2(3=278.€
PI2C4 (BI/BL)= 62E4E IN1G4=30048  THZO4=292.€
PI204 (BL/BE)= €205 L. TW105=317.2  TH2L5=301.8
PI2C4 (BS/BE)= 611, C TN10€=3364C  TWZ(E=32bol
PI264 (BE=GLT)=601.¢ S TH107=34147  THZ(7=339.3
HEATER TEST CATA RUMN FTR=18 ~ CATE 19=NOV<B0 . TIME ‘16<1E
C3 (POLE €/C)= o564 N-Ck=Ze3G T-C4=86497 N=C5= .48  I-CE= €.71
NUM GF EXCHENGERS=E S
PI138 (BE~IM)= 3CE.C (PSIA) . BR FLOW RATE (LBS/FR)= 8(138.1
PIL1C8 (B4/E83)= 301.C HC FLOW PATE (LBS/ER)= LE307.0
PI108 (B1-0LT)=292340 S o
PI204 (BL1-IMN)E 637.2 (PSIA) - TWi01=22043  THZ(1=117.8 (CEG=F)
PI204 (B1/8Z)= 63541 . - -~ .- TW102=270e& . TH2(2:24&1.4&
PI204 (B2/B3)= 631.% . TH1032289.4 © TW2C3=277.9
PI204 (B3/B4)= 62745 S TH104=300.€  THZ04=292.5
PI204 (B4/3E)= 6224 " TH105=3164%  TW2(S=302.G
PI20L (BS/EE)= €13.&  TW10€=335.% ~ TWZ(€=324.1"
PI204 (BE~CLT)=604aC CTN107=34147  TWZ(7=339.5°
HEATER TEST DATA FUN KTR=20 -° CATE 20eNOV<8C  TIML G7-3C
€3 (MCLE €/C)= o564 u-c«=z.zc!vr-Cueeag97a-N-cs=u.ae 1-C5= S.71
. NUM CF EXCHENGEFS=6 | L e
PTL08 (BESIN)= 27LaZ (PSIA' " BR FLCH RATE (LBS/FR)= 9E26S.2
. PI108 (S4/B3)= 2642 vl HE FLCW RATE (LBS/HR)= "843CE €
PIL108 (BL1<CLT)=255.7 / AN
PI2C4 (B1-IN)= 65C.€ (PSIA) ' TW101=191.0 - TW2(1=128.0 (CFG=F)
PI2C4 (B1/BE)= 6LZed v . 7 TH102=235¢2  TWZ(Z=20440
PI204 (B2/83)= 63040 TH103=260.2  TW203:242.9
| PI204 (B2/B4)= €18.¢ CTHL0L=275.¢  THZC4=2€4,.2
< PI204 (B4/BE)= 60€.3 . TH105=2884%  TW20E=278,3
PI204 (BE/3€)= 5924C  TH106=305.€ TH2(E€=289.4
PI2C4 (BE~OLT)=571.€ INLG7=34448  TWZ(T=20€b
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HEATER TEST DATA RLMN KTR=ZG
C3 (FCLE C/C)=

NUM OF EXCHZNGERS=6€

PItgs
PI1G8
PI1G8

PI2Cs
PI20&
PI204
PI2C4
- Pl204
PI204
PI2CY

HEATER TEST DATA RUM KTR=ZG

(BE=IMN)= 27 4o (
(B4/83)= 263, ¢
(B1«0LT)=25E,2

(Bl1=IN)z 651.°¢
(B1/8¢)= 642l
(82/33)¥= €30.1
(B3/88)= 61E.4
(B4/78E)= 60E.¢
(BE/B€)= 591.0

(BE=CLT)=570.1

C3 AMCLE C/C)= 454
NUM CF EXCHENGERS=6

PIL108
PIi1C8

PILCS8

PI204
PI204
PI2C4
PI204
PI204
PI204&
Pra2c4
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HEATER TEST

(BE=IN)= 273,
(B4/BI)= 2634¢
(B1-0LT)=254. €

(El=IN)= 651,.¢
{B1/82)= 6LC. E
(B2/B3)= €30.°¢
(33/84)= €1S.6
(E4/85)= €0€.1
(BE/B€)= 591,¢
(BE=CLT )=570.¢

C3 (MCLE C/7C)= oS4

NUM OF EXCHENCERS=E

PI1G8-

PI108
iios

PI2C4
PI204
PI2CY4
PI204
PI2CL
PI204
PI204

(EE=IM)= 273,.°¢

(BL/EZ)= 26342
(81=CLT)=284¢¢

(Bl-It)= €50.¢
(B1rs3c)= BUcec
(E2/83)= 62¢,. 8
(B2/9L)= E18,.€
(Bk/s3€)= 60€.C
(EE/B€)= BG1.6€
(BE<CLY)=570, ¢

(PSIA)

(PSIA)Y

NeCl=ged

(PS1A)

(PSIAY

DATA RUM KTRe20

N=Ck=2,30

(P314)

(PSIA)
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CATE 20=NOV-80
54 N-C4=24I0 I=CLU=BB+97 N=C5= <48

8R FLOW RATE (LBS/kR)=

TIME 07=4E

- I=C5=

Se71

SEEEC.S

FC FLOW RATE (LBS/HR)= B4T7ER.7

TH101=191.5 -

TH102=23%44
TWL03=260.2
IW104=27 6.8
TH10S=288,7
TW10€=305.7
TH107=342.1

DATE 20~NOV-3C

1-C4=86.97

ER FLOW RATE (LBS/¢R)=

TWE(1212%.5:

THWZG62=20445
TW203224341
TH204=2€4.1
THZCE=278.4
TH2CE=2€S,€

THECT=3C€.7

TIME C8-0(

NeCS=z oJ4E I-C

(CEG=F)

= 9.71

ge8c2.7

KC FLOW RATE (LBS/HR)= BL3EE.T

TW101=192,0
TW102=235.6
TN103=26041
TW104=27€.0
TH105=289.¢
TH10€=305.7
TH107=343.2

DATE 20=NQOV-80

1=C4=86497

N=C5=

TRZC4=13e? (CEG=F)

TWE(2=205.0
TWZ0 322430

TH2(4z2EU.1

THZEE=27844
TWZ(€E=289,5

TWZ(7=30€.5

TIVE Ce&-it

o“e . I'CS:

0.071

B FLOW RATE (LBS/EKKR)= gc<CZ8.%

FC FLOW RATE (LBS/FFR)=

- TH101=192.4

TH102=236.0
TWL103=260.4
“TWL0L=27 €62
TN1G5=289,¢

- TH106=305.8

TW107=34361

BLEQT L .

TH2{1=120.,9 (CEC~ F)

- THE02=20%¢4
THWEL 3=243 4
TWEl4=2€444 .
THWeL(E= 2784

THE(6=28%.5

TWELT7=30¢.€E"

"



HEATER TEST CATA RUM HTR=20 -

C3 (MOLE C/C)= 454 N=C&=Z,.

NUM CF EX(HENGERS=€

PI1CS8
PI108
P1108

PI20&
PI204
PI2C4
PI204
PI20&
PL2e4
PI204
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HEATER TEST OATA RUM KTR-Z1

C3 (MOLE C/7C)= «S4&

(BE=IN)= 27 3.C
(B4/83)=.2624 ¢
(B1=CLT)=254s1

(B1=It)= €5C.C
(B1/32)= 6L1.C
(B2/83)= €2¢C.(

(B3/78L)= 61747

(Bys8%)= €B04s C
(BE/7B€)= 590, 4
(BE«OLT )=506¢C, &

NUM CF EXC(HENGERKS=E

PI108
PI1C8
PI108

PI2G4
PI2C&
PI204
PI2C4
PI2C4
PI204
PI2CL

HEATER TEST DATA RUN ETR=21

(BE=It)= 29C.(
(B4/B3)= 287.€
(B1-0LT)=2804C

(81-I0)=.640C,1
(Bi/Bc)= €3 4o
(B2/31)=:6254¢€
(E3/BL)= €17.4
(B4sBE) =607, C
(BE/3€)1= S58E€.€
(BEE=~CLY)=5617.5

"C3 . (MOLE C/C)= oS54

NUM COF EXCHENCERS=S

PI108

PILCS

PI108

PI204

PI204
PI2C4
PI2C4
PI204
PI2C4&
PI2C4

--‘-..—..-.--..-,--\’-v.‘.--‘.‘- ....‘QQ‘!‘IQ’,’.O-...‘#‘..-..--.--O.-‘..v.----

ABE=IN)z 204, €
(B4/B)= 28745

(B1-CLT)=27¢,7

(BEi~IM) = 64C.C
(E1/8¢)= €34ed
(B2/83)= €2%54¢
(B3/B4)= €17.4
(EL/BE)= €0 €. €
(EE/BE)= S5LE.E
(BE-OLT)I=5617.F

(PSIA!

(PSIA)
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DATE 20-NOV=80 .

3C I-C4L=€6.37 - N=CS5=

TIME 05=-30

o48 -

1-c5-

BR FLCW RATE (LBS/HR)= 99203.¢ -
HC FLCW RATE (LBS/PR)‘ 6‘282.8; :

[1wr§1=192.a
- TH102=23641

. TH103=260.¢

. N=Chzeq2
(PSIA,

(PSI&)”

MNeClr2420
(PSIA) -

(PSTIA) ...+

TH104=27 €41
. TH105=288.6
 TW106=395.4
TN107=34340

 CATE 20-NOV-80

~I=C4Z864 97

N-C$=:.&8»

THZC(1=12314

THZ02=205.€ .
TH2C3=243.5
. TNZC4=2€443

TH2(E=276,3
- THEC6=269.6
. TH267=30643

JI¥E 09-1F

I-Ct=

(CEC~F)

CeT71

'BR FLOW RATE (LBS/kER)= GLSEl1.2
FC FLCW RATE (LBS/+R)= €€623.¢

TH101=202.€:

-~ TN102=253.¢

f°f,Tu103=278.e
- TH106=233 .4

THW105=311.2
TH1CE=34LS.5

- TH107=331.8

CATE 20-NOV-8C .
I=C4z86497  NoCS=

TH103=278.€
TH104=293.¢

.. TW1052311.4

>~NTW106=3k5.7

~TW107=323.2

TN101=202.9
- TH1D02=253 ¢

TH2(13118.3,

. TWEL2=2204€
 TWZ03=2€2.2

YWEC4=282.C
TheZCE:
THZ2(€=318,0
THE(T7=314.3

TIME £9=3C

;= BROFLOW 'RATE (LBS/HR)= Gu¢
Lt kG FLGH RATE (LBS/PF)- 6EBSL.E

TH201=118.3

. TWZ62=22047
\TH¢£3=2€2-E

THWZ(4=282.1
THECE=2€4L,0
TWSi6=318.1
THWZET=314a4

2%3.8-

ek€ - T«C5s=

(CEG-F’

€€.l .

(DFC F)
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HEATER TEST DATA RUN +TR=21  DATE 20-NOV=8C TIME CO9=4t

PI204 (BS/BE)= S88.2
PI2C4 (BE=-OLT)=CET7.C

PY YT Y Y TR RI IR XTI IR RRY YRR RV TR PR Y YRR R R Y R AR L Y 2R Y S SRR 2 2 L N 4

TH10€6=34L5.3

TW1C7=30143

TH2(E=317.S -
TH2(T7=314.3

C3 (FCLE €/C)z oS4 N=Cl=ZelC I=CL=86497 N=CS= oLE I=-C5= S,71 (:)'

NUM CF EXCHENGERS=E

PI108 (BE=IN)= 2G4.E (PSIA)  ER FLOW RATE (LBS/HR)= 94959.4

PI1G8 (B4sB3I)= 287,.1 FC FLOW RATE (LBS/FR)= 6€893,3 .
PI10E (B1-CLT)=27%.4 e

PI2C4 (Bl-Id)= €3S.4 (PSIA) TH101=20247 TNZ{1=118¢2 (CEGeF)

PI204 (81/3Z)= 633,¢ 0 TN102:2253¢€ - TWZ02=220.7 :
 PI2G4 (82/B83)= €25.¢ TH103=278.4 TH203=2€2.4

PI204 (E3/BL)= B1€+€ © IHL104=293 43 TWZC4=282,0

PI204 (B4/BE)= 60641 TH106=311.2 TH2[E=293,.8

PI204 (BS/B€E)= 58842 TW106=345.€ TWZ(E=317.9

PI204 (BE=OLT)=5€E,¢ TH107=31461 THZEC7=314e3

HEATER TEST DATA RUM HTReZi  CATE 20-NOVe8C TIME 10-0C

C3 (NMOLE C/C)= o5& NK=C4=Ze38 I=C4=86497 N=CS= o4& I-C5= C.71

NUM OF EXCFENGERS=S |

PI108 (BE<IN)= 294sE (PSIA) BR FLCW RATE (L3S/FR)= 94GE€2.8

PI1C8 (B4/B3)= 287.& FC FLON RATE (LBS/ZFR)= 6E611.4

PI108 (B1=CLT)=27C,€ o

PI2G4 (Bi1=IN)=z 63&.4 (PSIA) TH101=2032.¢ TWEC1=118,4 (CEG=F)

PI204 (E1/82Z)= 633.3 TH102=2534¢ TWZ(2=22044

PI204 (B2/33)= 624el TH103=27842 TWZ(3z2€241

PI2C4 (BI/BL)= €15.6 TH104=293.0 TWZ(4=284.8

PI204 (B4/BE)= €0C42 TH105=311.0 TWZ(05=293,€

PI2CL (BE/3€)= 5872 TW10€=34544 THWZ(62317.7

PI2C4 (BE=CLT)=566E«0 T™W107=306,2 TW2G7=31b.1

HEATER TEST DATA RUM KTReZi1  DATE 2C=-NOV-8( TIME 1(C-1¢

C3 (FOLE C/C)= «B& Ne-Ci=Ze30 I=C4=86497 NeCS= J4E I=CS5= S.71

NUM CF EXCHENCERS=S } "
PI108 (BE=IM)z 294¢E (PSIA) BR FLOW FATE (L3S/HR)= Q47€L.E

PI108 (B4/BI)= 287.% HC FLOW FATE (LBS/t+F)= 6E6604.2 .
PI108 (B1+0LT)=27¢,¢ L ~

"PI204 (Bi-IN)= €3CS,3 (PSIA) TH101=203,.3 THZ(1z118.E (CEC-F)

PI2C4 (E1/BZ)= €33.5 TW102=2534€  TW202=220.7

PI204 (B2/83)= €254C TW103=278,¢ TWZ03=2€24%

PI204 (B3I/BL)= E1€47 TH104=293,2 TWZ(4=282.0 -

PI264 (E4/BE)= 60E.( TH105=311,42 TNZ(E=293,.8 o’



HEATER TEST CATA RUM FTReZ2

C3 (FCLE C/C)= 454

NUM OF EXCHEZNCGERS=E

PIi08
PIL10S
pIige

PI2ty
PI2C4
PI20&
PI20Q4
PI20&
PI204
P120&

(B4/83)=.37¢C. &
(B1-0LT)=375.C

(B1=Ir)= €04.(

(B1/BZ)= 6018
(B2/33)= 59E.¢
(B3/BL)= 5924
(B4/BE)= 58740
(BE/3€)= 57742
(BE-OLT )=5€64 G

NeCL=Z4.30

(PSTIAY

PSIAY
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I=C4=E6497 N=CS=

CATE 20-NOV<8G TItE 11=0C

o4 I-CS=

.71

B8R FLOW RATE (LBS/ER)= 7(€78.1

TN101220441

TH102=254.1
TH103=2764
TW104=289.3
TH105=30€.°%

 TH106=341e2

TW107=302.¢

“FC FLOW RATE (LBS/HR)= 5C3Z6.1 .

TH2C12423.4 (CEC=F)

THZ0 2222443

TH203=2€344

THZC4=280+S -
TH205=290.8
THZ(E=31T 44

TWZC7=316.5
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HEATER TEST DATA RUM HTR=-22 . DATE 20-NOV-80 TIM 11-iF

C3 (MCLE C7C)= ¢S54 NeCl=z2430 I=ClL=z=86497 NeL5= 48

NUM OF EXCHENCGERS=S

PI108
PILCE
PI1Cs8

PI204L-

PI2G4L
PI204
PI2C4
PI204
PI204
Pr2dy

(BE~TM)= 38345,
{B4r8%) = 3T7C €.
(BE1=-CLlT)=37¢.1

(B1=It)= €04&4s(
(B1s82)= 600.€
(B€s83)= 5Q€.3

(B3/B4)= 592,
(B4/BE)= 58648
(BE/3€)= 57742
(BE=OLT)=56641

(PSIA)

(PSIAY .

BR FLCW RATE (LBS/+R)=
. HC FLOH RATE (LBS/KR)=

TWi01=204.0-

TH102=253.1

‘TW103=27€40

- THi104=28847
- TH105=30%.9

TH106=3“101
TH107=300.2

1«C5=

T087¢,
Leaze.

"THEC1=123.8 (T

TRE(2=22443

" TH203=2€24¢
-THEC4=279.8
THZ0E=28CE
~THZ2(E=31€.2

THZ(T7=314a1.

HEATER TEST CATA RUM FTR=22 _ CATE 20-NOV-8C TIM 11-3¢

Ce71

3
7

£G=F)

C3 (MOLE C/Cl= oS54 KaCkzZe30  I=C4=B6497 N=C5z o4E I-C5= 9.71

NUM OF EXCKENCERS=S

PI1GE.

PIics
PI1C8

PI2C4L
PI2C4
PI204
PI2G4
PI204
PI20CY4
PI204

(BE=IMY= 3836 ¢
(B4/EZ)= 37¢%: 5
(B1=0LT)=37E.1

(BL1=IN) = 6Gks
(B1/E8Z)= €0G.€
(B2/32)z 5Q€.4
(B3/84)= 59Z,.1
(B4/BE)= SBELE
(BE/3€)= 57740
(BE-OLT)=565.¢

(PSIA)Y.

AP3IA)

- TW101=204e1 .
TN182:2534€

THL03=275,.¢
TH104L=28847
TH105=305.¢
TH10€=340.€

" TH107=293.1

TWZ(2=224.9

-TH203=2€2.9

TWZC4=28040
TH2G5=290.5

" TWZ(€E=31€.1

THECT=314.0

BR FLOW FATE (LBS/KR)= 7087841
- BC FLOW RATE (LBS/HFR)= ULS4E1.€

“THZ(12124«G (CFG=F)
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HEATER TESY DATA RUM HFTR=Z2-

C3 (FCLE C/(C)= «54

NUM OF EXCHFENCGERS=S

PI108:

PILCS8
PILGS

PIZCL
PI20&
PI204
PI2C4
PI2C4
PI2CYL
- Pl20u

(BE=IMh)= 383.7 (PSIA)

(Bu/s83)= 38C.C
(B1-0L1T)=37E.6C

(E1-IMN) = 60Z.1
(81/8Z)= 5SE.5
(E2/B3)= 5E3. ¢
(B3/84)= 591,
(84/35)= EBELS
(ES/BE)= 577.7
(E€=CLT)=567.5

K=C&=2.30

(PSIA)

~-184-

I-C4=86,97

N=C5= 48

CATE 20-NOV-8C TIME 11e4€-

I-C5=.9,71 —

BR FLCW RATE (LBS/HR)= 7(878.1

FC FLOW RATE (LBS/ER)I= LC€714.€

TH101=204.1

TW102=253.1
THL03=275.€

TH104=288,€

TH105=30%.3

TW166=340.0
THW107=2397,.8

"THEC 3=

THZC1=12445 (CEG=F)
THZ02=2244" .
=2€2.5

THZO04=279.7

TH2(5=290.3

THZ(6=315.4

THZ(7=313.3

HEATER
C3 (FMCLE C/7(C)= 54

TEST DATA RUMN HTR=Z2

NUM OF EXCHEINCERS=S

PIi108
PI1CS8
PIiGe

PI2Cs
PI204
PI2CK
PI2G4
PI204
PI2C4
PI204

(BE-IN)= 384L.E
(BL/BI)= 28C.2
(B1«CLT)=37€.2

(Bi=IM)= 60545
(E1/82)= 6024 ¢
(B2/33) = 5G7.¢8
(B37BL)= 5936
(B4/35)= 586.C
(B5/B€)= 57841
(BE=CLT)=5664E

N=CLk=zZ.el

(PSIA)

(PSIR)

"CATE 20=NOV=80 TIME

I-C4=86,97

BR FLCW RATE (LBS/KR)=

N=C5= 448

12«00
I1-C5= ¢, 71

7C8€S5.¢

FC FLOW RATE (LBS/ER)= 4EQ927.0

TW104=205.1
TH102=2544 &
TH103=2T7¢€. ¢
TH104=28944
TN10E6=30644
TW10€=339,.¢
TH107=297.3

TH2(i=124.3 (CEC F)
TWZ(2=22€.2
TH2(3=264.3
TWZC4=280.7
TWE(E=291.C
TWZ(E=31€.8
Tw207=31“07

HEATER TEST CATA RULMN +TR=23
C3 (FCLE C/7()= %4

NUM CF EXCHEINCERS=E

PIiCS
PILCS8
pIice

PI2C4
PI204
PI204
PI204
PI204
PI2G4
PI204&

(Be I’,- 26 o..c

(B4/33)= 25¢.1
(B1-0LT)=25044

(Bi=IM)= £2€.2

(B1/782)= 6185

(E2/82)= 608.¢C
{B3/78L)= 56840
(B4/3%)= S8E.E€
(EE/B€)= 573,.5
(BE=CLT)=55243

'N'Ck=2030

(PSIA)

(FSIR)

CATE 20=-NOV-8(

I=C4=86,97

'ER FLOW RATE
FC FLOW RATE

TW101=133.4
- TN102=239.2

TH103=263.4%

‘TW104=277.¢

THW105=28844

‘ WATN106=306.0
-TH107=342,49

(LBS/FR)= 78391244

TIvE 12-3C
N=C5=z +4E I=CS5= Q.71
(LBS/ER)=10(817.€

TWZ(1=120.8 (CEGeF)

"TWEE2=207,.0

THZ(2=247.5

TW2G4L=2€6,3 -
TH2(52279.3 | O
THZ(E=2E7.8

- TWZ(7=310.5



HEATER TEST DATA RUMN HTR=Z3

€3 (MCLE C/C)= 54

NUM CF EXCHPENGERS=€

PILCS8
PIi08
PIsgs

PI204
PI2C4
PI2(4
PI2GUL
PI2C4
PI2C4
PI204

(BE=I})= 26¢C.F

(B4/sB3)= 25G,2

(B1-0LT)=25C.¢
(B1=IMy= 62640

(B1/3¢)= 6317.¢

(B2/83)= €0745
(B3/34)= 587.2
(B4/BE)= 585.7
(BE/B€)= 57242
(BE=CLT )=5504¢

h=C4=c.?

(PSIA)

(PSIA)Y

© -185-
DATE 20-NOV-80
1-C4=86.97

N=C5= 48

TIME 12=4°¢

1-C5=

€.71

BR FLOW RATE (LBS/FR)=1CJ45E.C
FC FLON RATE (LBS/KR)= 7€ose.7

TW101=133.4

TH102=239.3

TW1C3=262.¢
TH104=277.3
TW105=288.5

TH10E=30€42

TH1C7=343.5

THcCi 12240 (CEC-F,

TH2(2=207.4
THEE3=24L742

TW204=2€€.E

TH205=279,2
TWECE=2E8.0
THW2(7=310.8

"HEATER TEST DATA RUM HTR-Z3

C3 (FOLE C/C)= .S&

NUM OF EXCHENGERS=€

PI1C8

PILGE

PI1CS8

PI204
PI2C4

PI2G4

PI204
PI2G4
PI2C4
PI204

(BE-It)= 2€G 4
(B4sR3I)= 25C,¢C

(E1=Ih)= 62€,1

AB1/3¢c)= 61844

(BZ/B2)= EOE.C
(B2/8L)= 5€7.¢
(B4/BE)= SE.S
(ES/8€)= S73.2
(BE-OLT)=552.1

N-ClhzZed

(PSIA)

(B1-CLT)=25CE

(PSTA)

‘DATE 20=NOV=8(

1-C4=864 37

NeCS5=z ¢48

TIME 13-0C

I-CS=

€71

BR FLCW RATE (LBS/FE)=10C4E3.¢C
KC FLCW RPATE (LBS/FR)= TETEE.E

TN101=133.7

. TW102=23945 .
TW103=26342

o TH104=277 44

TW105=288.5

. TH106=30641
'Tﬂ107=3k3-0

THZL1=122.2 (CEGeF)

THz(222C7.7
TWZ0 I=247 44

THEZ0U=2€E. L

THZ(5=279.3
TWZCE=2E8.0
TWZC€7=3160.2

CMEATER TEST CATA RUN PTR=Z3

C3 (MCLE C/C)= oSk

NUM OF EXCFENGEFS=

PI1C8
PILCS8

PIice

PI2(L

PI1204 .

PI2C4
PI204
PI204
PI204
P1204&

(B1-IM)= €E2E.F
(B1/8¢)= 617.¢

182/B2)= 607.3

(E3/8L)= 597,
(B4/3E)= SBE,S
(B5/BE) = S72e¢
(BE=OLT)=E5140

Ne-ClizZe Il

(PSIA)

(E6=IM)= 26..9
(B4/B3)= 25C4 4
ﬁa;-otryzasc;sfl

(PSIA)

‘DATE 20-NOV=8Q

TaCl=86e 97

N-CS— -06

TIME 13=1F

“I4C5

Se71

ER FLOW RATE (LBS/KR)=10027S.1

TW101=19344
TH102=239 44
TW103=253.0
THL04=27743
 TH1GS=
. TW106=306.0

288.3

THW107=342.¢

FC FLCW RATE (LBS/HR)= 7E247,.C

TWZL12122.0 (CEG=F)

TH2G22207.5
TWZ63=247.2

TWZ(Lz2€E, 8

THe(E=2279.2
THel(€=288,0
TW2G7=3140.0




HEATER TESYT DAYTA RUMN HTF=Z3
C3 (FCLE C/7C)= o54 N=Ci=2.20

NUM CF EXCHINGERS=€

“PI108 (BE-IM)= 26S.7 (PSIA)
PI108 (B4/23)z 25C,&
PI1G8 (B1-CLT)=250.6
PI204 (Bl=IN =z €2E.4 (PSIA)
PI2C4 (B1/9Z)= €17.¢
PI20t (B2/B3)= 606.€
PI20& (B3/BL)= EC7.0
PI2CL (B4/BE)= 585.€
PI2G4 (BS/BE)=z 5724¢

 PI2C4 (BE-CLT)=551.¢

=186~

CATE 20-~NOV=8(

JeC4=86,97

N‘c5= '55

TIME 13-3C
1-C5= €,71 -

ER FLCW FATE (LBS/HR)=10C1SC.8.
HC FLCW RATE (LBS/HR)= 7€SE8.5

TW101=133,3
IN102=233,2
TH103=263.0
TW164=2T77.2
TH105=28843
TH10€=305.¢
TH1C7=342.C

TWZ(1=121+5 (CEG=F) *
THEL2=207.3

TWE63=247,.2

THZI4=2€E.5

TR2C5=27%.2

YWz(€E=28840

TWECT7230.1

HEATER TEST DATA RLA kTR-Z4
C3 (MCLE C/C)= JS4 N=C&=2,30

NUM CF EXCHEINGEFS=E

I-C4=86,97

'CATE 20-NOV=8C TIVt 14=kE

N=D S= J4E I=-C5= ¢,71

ER FLOW PATE (LBS/HK)=z GE224.3
+#C FLCW FATE (L3S/KER)= €3188.14

PI108 (BE<«IM)= 27E€.S (PSIE)
PI108 (B4/BY)= 27C.7
PI1Ce (BL-CLT)=2€62.4
PI2C4 (Bl-]M)= €22.( (PSIRA)
PI204 (B1/BZ)= €17.3
PI204 (B2/B3)= 610.4
PI204 (B3/3L)= €04
PI2CL4 (EL/BE)= £93,C
PI204 (EE/23€)= S75.(
PI2C4 (BE=CLT)=55€.1

TW101=217.¢
THi02=26¢6.1
TH103=28€.5
TW104=299,3
TW10E=321.0
TH106=3L3.¢
TW107=31€s4

TWzl1=2121.3 (CECG=F)
TKE(2=235.5
TWZ(3=273.5
THWZ(L=288.9
THe(E=2C8.7
TWZC€E=32C,. 4
TW2({7=2325.7

b Al A LA Al A A Al A Al A AL AR AL AL AL I AL LA LRI AL AT AR YL ELIREIII LI YN R T X 1

HEATEF TEST CATA RUM FTR=Z4
C3 (MCLE C/()= o5& NMN=C4=Za20

NUM CF EXC(FENCGEFS=E

PIL1CE (BE=~IM)= 278.€ (PSIA)
PI108 (B4/B2)= 270.°¢
PI108 (81<CLT)=262.2
PI204 (B1=IN)= €2Z.C (PSIA)
PI204 (B1/3Z)= 61744
PI204 (B2/83)= £1¢.3
PI204 (E2/E4)= €03,
PI204 (B4/BE)= 593.4
PI2CL (BE/BE)= S7C.2

PI204 (EE~CLT)I=55¢€.5

CATE 26-NOV-BL TIVE 15-0C

I=CL=86.97

ER FLOW RATE (LBS/FR)= S821&4.S

N-CS: e 48 I‘C5= 9071

KC FLOW RATE (LBS/HR)= €2147.1

TW101=218,.3

- TW102=26643

TH103=28€. ¢
TWL04=23G,4
TH108=321 44
THiC0E=343.€E
TW107=3134 &

THKZ(1=121.8 (CEG=F)
THZ02:=23C.8
TWZC3=273.7 | -
THZ(4z286.0 -
TWZLE=2CE.8

TWZ(E=329.5

THZ(7=32€43



HEATER TEST DATA RUN HTR=24 .

C3 (FMCLE C/0)= 54

NUM CF EX(FENCERS=zS

PIi1C8

PI108
PIigs

PI2C4.

PI2C4
PI204
PI204
PI204
Pr204
PI204

AL LA S S A A L L L A G L B b B B Al Al i B Al Dl R ol Bl L R R Al A Al b L N A A R KL L LR

HEATER TEST DATA RUN FTR=24

‘Bﬁf;ﬁ);~27ﬂ-&
{84/782)= 270.¢
(B1-0LT)=262.3

(B1=IM = 62240
(B1/BZ)= 61745

(B2/B3)= 6104 ¢

(B3/84)= 60440
(B4/BE)= 59441
(BE/BE)= S7€4(
(BE=OLT)=557. ¢

€3 (MOLE C€/C)= .54

NUM OF EXCHENCGERS=E

PI108
PI108
P1168

PI2C4
PI2C4
PI2CL
PI204
PI204
P1204
PI204

..-.’q-ﬂ -;--- L E R & L L A N KB R L X A -.-----.---‘.‘--------.-’..’------. [ 2 2 X X N X R § X N J
HEATER TEST CATA RUN HTR=2E

€3 (FCLE C/C)z +54

ABE=IM)= 27%.C
(E4/B3)= 270.

(B1-0LlT)=262+¢

‘Bi‘:h’? 621.“
(B1/BZ)= €1E E
(B2/83)= 610

(B83/3L)= 6035

(B4/BE)=-593.3
(BE/sBE)= 57C44

(ae-ctr)‘sse;e.

NUM CF EX(HENCERS=S

PILGe.
(B4/83)= 3€1.C:

PI108
PI108

PI2C4
PI204
PI2CW4
PI2C&
PI204
PIZ2CH4
PI2C4

(BE-I%)- 36,-5

(B1-0LT)=35¢,4

‘Ei.xh ’- 59U‘o

(81/32) = 59140
(B2/83)= 5864
(B3/34L)= 582, ¢
{B4/3€)= 57746

N=Cl=2420
(PSIA)

(PSIA)

N‘C“=2.3»

(PSIA)

(PSIAY

EN?C&:ZQS
(PSIA) -
(PSIA);

7 TH105=317.3

(B5/B€Y= 5654 ¢

(BE€E=0LT)=5544 ¢

-187-

1=C4=86,97 - N=C5= +4é

- CATE 20-NOV-8C TIVL 15-1¢

1-C5= G.71

EBR FLOW RATE (LBS/FR)= 98389.4
HC FLOW RATE (LBS/KR)= €cZ€l1.8

TH101=21844

TH102=266 .4

 TH103=287.0
 TN104=299.¢
L TW105=321.4

TN106=343,.5

- TH107=309.3

- CATE 20=NOV=-80

I-Ch:QS,QY N=CSB= <48

. TH101=218.0
.. TH102=26€4€
- TH103=28649

. TH104=299.7

TH105=321 44

. TH106=343,€
. TW107=30843

I-C4=86.97

. TNL101=2184C -
- TW102=26542
TN103=282.2

TH104=205,.¢

TH10€=341.2
TH107=333¢ 4

NeC5= +&€ .

TWeC1= 1210,.

(cgc-s»

TWE(2=23840 -

THZ03=27440
THZCL4=28G.0 -
THZ(E=299.2
THZ(€=329.5
TH2(7=325.6

TIME -15=3C

TWZ(1=121,.¢

TWE(2=23€41
TWZG3=273.5

-THZ04=289,.,2 -
-THE(E=

299.2
TWZ(€=32G,8

TH2(7=32¢6.1

| DATE 21-NOV-8C TIME C7-3C

L TH2(1=134,3
TWEG2:237.8

I-C5=

%.71

BR FLOW RATE (LBS/HR)= GE3G€.S
. +C FLOW RATE (LBS/hR)= €Z€30.¢

(QEG=F)

1-C5= SuT1

-ER._FLCW RATE (LBS/FR)= 7S113.8
~ . BC FLOW RATE (LBS/HR)= 4E783.2

ALEG=F)

TWEC3=271.2

TH2C4z28€,3
TH2(5229% ¢ &
TWZ(E=32%.4
TWZET7=328,0




HEATER TEST DATA RUN FTR=25

C3 (MCLE C/C)= 54 N=-C&=Z.2C

NUM CF EX(HEINCERS=zE

PI1CE (EE=It)= 3E4.2 (PSIA)
PI10E (B4/B33)= 35C. &
PIL1C8 (B1-0LT)=3E4.€

PI204 (BleIM)= 592,7 (PSIA)
PI2C4 (B1/B8c)= 58¢S.¢
PI2C4 (B2/BI)= 584.7
PI204 (B3/BL)z 58043
PI2C4 (B4/BE)= 574l
PI2C4 (BE/EE€)= S562.¢
PI2CL (BE=OCLT)=55Z.¢

~188~

CATE 21-NOV-80

TIVE G7-4S

I=CL=06497 N<-CS5= <48 I-C5= S.71

SR FLOW RATE (LBS/KR)= 7€470.C
KC FLCW RATE (LBS/hR)= 4E503.2

TW101=218,.0
TH102=264L40
TH103=282.¢
THLi04=2944

IH105=316.2
" YN106=34143

TH107=325.1

THE(1=134eS (CEGeF)
TWZ(2:238.0 ,

TWZE3I=2714€

THWZ04=285.3
TWZL5=2%%.5
TWZ(E=32843
THZ(T7=32€.4

HEATER TEST CATA RUN HTR<2E DATE 21-NOV-80 TIME C8-3(

C3 (FOLE C€/C)= o54 N=ClzZel

NUM OF EXCHENGERS=S

PI108 (BE=Ih)= 3€&4.E (PSIA)
PI1C8 (B4/B)= 36C.C
PIL1C8 (B1-0LT)=35¢.C

PIZ04 (Bi-IM)= 5C4,E (PSIA)
PI2C4 (B1/sBC)= 5C2.3
PI2CL (B2/BI)= S8E&,E
PI204 (B3/34)= S8E.(
PI2C4 (E4/BE)= 578.(
PI20k (ES/8€)= S5€€.E
PI204& (BE-CLT)=5%4.5

HEATER TEST DATA RUN FTReZE

C3 (MCLE C/C)= <54 NeC&=Z2.3(

NUM CF EXCHENCERS=S

PI1C8 (BE~It)= 3€4.C (PSIA)
PZ108 (B4/B82)= 3SC.t
PI1C8 (E1-0L7)=2C4&.z

PI204 (EBi-IN)=
PI2C4 (B1i/Be)=
PI2C4 (E2/B2)= S8¢E.E
PI2C4 (B3/3L)= 582+¢
PI284 (B4/BE)= 57E€.4
PI204 (BEsBE)= 5EE.7
PI2CL (BE-OLT)=SEE.0

g wm
K O

«1 (PSIA)
ot

(= ]

I=Ct=86497 N=C5= L 4E

ER FLCHW RATE

(LBS/FR)= 7EtSS4.3

+#C FLCOW RATE (LBS/KER)= 47€22.1

TH101=22044
TH102=265.¢
TH103=284.0
THL04=295,¢€
YHIOS:SZD.i
TH10€E=341 4
TW107=315.0

CATE 21=NOV-8(C

1=CL4=86497

N-CS= o“e

TW2C1=134.8 (CEC=F)
TWZ(2=239.7

TWeG3I=273.2

TH2L 4=28€.5
THZ(5=257.5
TWZ(€=220.1
TH2(7=2328.4

TIME CB=4f

I-CS= 2,71

ER FLCW RATE (LBS/ER)= 7S777.4
KC FLCH RATE (LBS/+R)= 47384,€

TW101=221,12
TH102=266.0
TH103=284u.€E
THL04=29€40
IN1GS=321.0
TH106=3L1,4€
TH107=313.0

TH2(1=135,5 (CEGeF)
TH232:24043
TWZE3=273,8
THZLL=28F, ¢
THZ(S=29B.4
THZ(E=320.8
THZ(7=329.0

I-C5z S.71



-189-

NOMINAL 80/20 CONDENSER TEST DATA




HEATER TESY DATA RUN HTR«2%%
C3 (FCLE C/7C)= +4T N=Ci=2el(0

NUM OF EXCHEINCERS=E€

PI108 (BE-IM)= 28C.2

PIL1(C8 (B4s8I)= 272.C
PI1(8 (B1-0LT)=2€63.3
PI204 (Bi«IM)= 67%.(C
PI2C4 (B1/BZ)= 6B€.1
PI204 (B2/82)= €S4L.S
PI204 (B3/BL)= 643.¢
PI2CL4 (B&4/sBE)= €30.°¢
PI204 (BE/BE)= 61€.1
PI204 (BE=0LT)=59%.C

(PSIA)

(PSIA)

-190-

CATE 1-DEC-AQ

I«CU=715,77

N=C5=1.0¢

TIME 12=4%

I-C¢

=20474

ER FLOW RATE (LBS/FR)= 9€2€1,2
#C FLCH RATE (LBS/HR)= 9(Z88.¢

TH101=192.1
TH102=240.0
TH103=2684 4
TN104=28¢€.1
TH105=300.4
TH106=315.1
TH107=34349¢

TH201=124s8 (CEC-F)

TWeC2=20€.0
THN2C3=249.2
TH2(4=273.1
TWZ(E=2¢€8.8
TH2C€=302,.0
THZ2(T7=312.8

L2 A L E KT R 2 L D KX X L L 0 2 L 22 X X E 1 3 L2 L 22 L R L XX X2 0 L 1T X 2 4 XX 4L ELSEEERELRE L LN

HEATER TEST BATA RUM KTR=25%

C3 (FCLE C/7C)= 447
NUM OF EXCHENCERS=zE

PIice

PI1C8
PI108

(BE-Ih)= 281.9

(B4/s83)= 27240
(B1-CLT)1=2€3.¢

PI204
PI204

(Bl<IM)= 675.1
(B1/32)= €EE.C

PI204 (BZ/BI)= E54.C
PI204 (BI/B4)= 6L2.L
PI204 (B4L/BS)= E2C.€
PI204 (BS/BE)= 61%5,°¢

PI204 (BE=OLT)=5GE.7

(PSIA)

(PSIA)

CATE 1-DEC~80
N=C4zZ4(0 I=-Cl=75.77

N=CS5=1.0¢

TIME 13-0C

I-CE=20.74

BR FLOW RATE (LBS/HR)= G€2%3.2
HC FLOW RATE (LBS/+HR)= SL2€E.3

TW101=192.¢
THi02=24L0. &
TH103=2684€
TW104=28€.2

TH105=300.3
TW106=315.0

THL107=3L4L.D

THZ(1=125.0 (CEG=F)

TWZ(2=20€.€
THZ203=249. 4
THNELL4=273.2
THZ(5=288.9
TWZ0€=302.0
TWZ(7=313.0

HEATER TEST DATA RUN KTRe2SZ

C3 (FCLE C/7C)= 47
NUM OF EXCHENGEFRS=€

PIiC8

PI108
PIice

PI204
PI204
PI2CL
PI204&
PI2LY
PI204
PI2CY4

(BE-IM)= 281.4
(B4/33)= 271,17
(B1-0LT)=2€3.1

(BleIt)= 67E5.C
(B1/B¢)= 6€E€E.1
(B2/7B3)= ESL.C
(B3/784)= 6424 ¢
(EL/BS)= 62C.E
(BS/7E€)= €1C.€¢
(BE=OLT)=SQE.E

N=C4=z2.L0

(PSIA)

(PSIAY

CATE 1-DEC-80
I-C4=75.77 N-C5=1.02

TIME 13-1F

I-C5=2cC.74

BR FLCW RATE (LBS/tR)= GE€LLS .4
#C FLCW PATE (LBS/+R)= SC1€L.E

TH101=192,3
TWi02=241.12
TW103=268,.8
TW104=28€E«3
TH105=2300.2
TH106=315.0
TW107=3436¢

THZ(1=128.¢
THZ(2=206.8
TW2(3=248.8
TH2(4=2734
YWelc=2€8.9
THZEE=302.0
TW2(7=313.0

(CEG=F)
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HEATER TEST DATA RUN HTR-252
C3 (FOLE - C/C)= o7 N=C4=2.C0

NUM OF EXCHENGERS=€

-191-

CATE 1-DEC-80
I=Cl=75.77 N=CS=1,02

TIFE 13-3C

. I«CE=¢

PIL08 (B€-IN)= 26048 (PSIA) R FLOW RATE (LBS/KR)= 9€432.5
PT108. (BL/BI)= 271.2 KC FLCH RATE (LBS/FR)= 9L1€4.9
PI108 (B1-CLT)=26346 - v
PI204 (B1-IF)= 67541 (PSIA)  TW101=193,1  TH2(1=125.9 (CEC-F)
PI204 (B1/82)= 6664 G . -TWL02=240.8  TWZ02=207.0 |
PI204 (B2/B)= €54l TH103=268.5  TWZ(3=25040
PI2C4 (B3/84)= 64240 TH104=286.4  TWZL{L=273.5
PI204 (BL/BE)= 62%.¢C TN105=300.4  TWE(E=289.1
PI204 (BE/BE)= 6144 TH106=315.2  THZ(€=302.1

- PI2C4 (BE=OLT)=598.7 THZC7=313.4

TH107=34bu4

HEATER TEST DATA RUN KTR=ZEA OATE 1-DEC=80.. TIME. 13-4S

C3 (FCLE C/()= 0e74
NUM OF EXCHENCERS=6

(BE=Ih)= 28044 (PSIA’

b7  NeClzZe(0 J=Cl=75,77. NeCS5=1,0Z I-CS=

PI108 BR FLOW RATE. (LBSIFR)- GE24ELT
PI108 (BL/BI)=Z 27143 HC FLOW RATE (LBS/KR)= 9C404.1
PI108 (B1=0LY)=2€2.(

PI204 (B1-IN)= 67Se1 (PSIA). - THi01=193,0  TWZC1=12€.2 (CEG=F)
PI204 (B1/B2)= 66641 . TH102=2404€  TWZ02=20€,9

PI204 (B2/B3)= 6Skel TNL03=268.7  TH203:=249.8

PI204 (BI/B4)= 642 € TH1064=286.3  TH204=273.3

PI204 (B4/BE)= €29,3 TN105=300,2  TWZGS5=28849

PI204 (BE/BE)= 61541 TH106=315.0  TH2(€=302.0

PI204 (BE=OLT)=59€,€ TH107=343.€  THZ(7=313.0

ey Ry R L A X L L T L L L L L L L ke dedeindedindsiadidbod i de ko ddiod

"HEATER TEST DATA FUM KTR=ZE

C3 (FCLE C/7C)= &7

NUM CF EXCPBNCERS:E

NeC4=Z.(0

CATE,

I=Cl=75,77

ER FLONW RATE. (LBS/ER)=

1-DEC~-80
NeCS=1402Z

TIME 14-0C

PI108 (BE-It)= 278.¢ tpsTaY 9E359.1
PI108 (B4/8I)= 271.°¢. WG FLOW RATE WSS/RFI= 8E€27.2
PI108 (B1-0LT)=263.G S |

PI204 (B1=Ih)E 6836 (PSIA)  THL01=107.€ .. TWZC1z122.7 (CEG=F)
PI204 (B1/82)= 675¢C . - . TH102226Se€  TN2(2=213.2

PI2G4 (B2/€3)= 6E3.E TH103=28042 TH2(3=259.7

PI204 (B3/8L)= 65243 . TH104=299,3  THZ0&4=284.9

PI204 (B4/BE)= €3¢€a €  TH106=316.€  THZ(5=301.4

PI204 (B5/BE)= 6214°€ THL0€E=3kbe€  THZ0E=315.7

PI2G4

(BE-OLT)=€01.¢

 TH107=337.2

TH2E7=312.€

1-C5=20474




-192-

HEATER TEST CATA RUM KTRe26 CATE 1<DEC=80 TIME 14=iE
C3 (PCLE C/C)= o47 K=C4=24(0 I=C4=75.77 N-CS=1s0Z T«C52Z0.74

NUM CF EXCHFENGERS=S

PIL10€ (BE=IN)= 2784S (PSIA) ER FLCW RATE (LBS/ER)= GET734.C
PI108 (B4/BI)= 271.¢ FC FLOW RATE (LBS/FR)= 8837544
PI108 (B1-0LlT)=262.¢ -

PI2CL (Bi-IMN)= HBI.E (PSIA) TH101=197.% TWEl1=122.€ (DEC~F)
PI204 (B1/8E)= 675.¢ TH102=249,.8 THZCZ2=213. 4

PI204 (B2/B2)= 663.2 TW103=280.2 TW2(3=2%¢.8

PI20& (B3I/BL)= €52.C - THL104=299. 4 TH204=2E5.0

PI2C4 (B4/BE)= 63 E.¢& TH105=31€.4 TH2(S=302.4
PI2C4 (EBE/BE)= €21,.0 TH106=344, 8 TH2066=31E.2

PI204

(8€E=-0LT =601

Y ;

TH107=327.¢

TH2ET7=312.2

HEATER TEST DATA RUM HTR<ZE OATE 1-DEC~-30 TIME 14-3C

C3 (MCLE C/() = 47 N=Cl=2.C0 I=Cl=75.77 N=CS5=140Z I-CE=2C.74

NUM OF EX(HENGERS=S

PIiCe (BE-IM)= 27¢<.C (PSIA) ER FLCW RATE (LBS/HR)= SE734L.C
PI108 (B4/BI)= 271.3 ’ HC FLCW RATE (LBS/HR)= BEIES,.C
PI1C8 (B1-0LTY)=262.7

PI2CG4 (Bi<IM)=z 684Le3 (PSIAY TH104=197.%  THW201=122.€ (CEG~F)
PI2C4 (B1/BZ)= 67%.¢& TH102=24¢C. € THEC2=213.2

PI204 (B2/83)= €63, ¢ IN103=280.14 THEC3=2EG45

PI204 (B3I/BL)= 6524F TW104=299.2 THNZ(4=28L.8

PI20& (B4/BE)= 638.5 TWi105=316€.0 THZCE=302.2

PI204 (BS/E€)= 621,17 TH106=344,2 TWZCE=315,.2

PI204 (BE-OLT)=601,¢ TH107=31€s € TH2C7=2312.8

"HEATER TEST DATA RUM KTR=2€ CATE 1-DEC-8C TIME 14=4t

€3 (MCLE C/C)= 4T NeCl=z2.C0 I=C4=75,77 Nal5=1,02 I«CE=20.74

"NUM OF EXCHENCERS=zS

PI108 (BE=IN)= 278.8 (PSIA) ER FLOW RATE (LBS/HR)= 9€729,.0
PI108 (B4/BI)= 27141 HC FLOX PATE (LBS/HR)= 88358,2
PI1C® (B1-OLT)=262.8

PI204 (Bl<IM)= 68S.E (PSIA) TH101=197,8  THZ(1=122.7 (CEGeF)
PI204 (B1/BZ)= €774 TH102=249.¢6  THW202=213.4

PI2C4 (B2/83)= €ES.t TH103=280.%  TWZ03=2€0.0

PI204 (B3/34)= €54ak TH104=299.4  TWZC4=285.0

PI204 (B4/BE)= €41.2 TN105=316.€  TW2(S5=302.4

PI204 (BS/8€)= 623.1 TH106=34449  TW2(E=315,7

PI204 (BE=OLT)=603.0 TH107=307.4  TW2(7=312.€



-193-

HEATER TEST DATA RUM FTR=2€  CATE 1-DEC-80 TYIME 15-0C

C3 (FOLE C/Cl= 47 NeClzZe00 JoCl=75,77 NeCS5z1402 T«CE=20476

NUM OF EXCHENGERS=S

PI108 (BE«IM)= 27S,S (PSIA)  BR FLCW RATE (LBS/HR)= S€72%.7
PI108 (B4/BI)= 271.3 - ~HC FLOW RATE (LBS/HR)= 8808i.14
PIL1C8 (B1-0LT)=262.7 .

PI204 (Bi-IN)= 684.S (PSIA) ~ THW101=198.0 ‘THE(1212247 (CEC~F)
PI204 (B1/BZ)= 675.¢ o TW102=250.0 THEL 2224345

PI204 (B2/83)= 6E4eS TW103=2804€ THZ03=2€04

PI204 (B3/BL)= 653.3 - TYH104=299.¢ THEC4=285.1

PI204 (B4/BE)= 63¢C.¢ - TN105=3164€ TNZ(5=3024¢4

PI204 (BS/BE€)= 62340 TH106=34L5.1 THE(E=IL1€E.D

PI204 THW107=302,.2 THZE7=312.8

HEATER TEST DATA RUN HTR=27 ~ DATE 1-DEC-80

(BE=-CLT )=602,.¢

TIME 15-1€

C3 (MCLE C/C)= o7 N=C4z2400 T-C4=75,77 NeC52140Z I-CE=Z0.74

NUM OF EXCHENGERS=4

PI108

(BE«IM)= 27C44 (PSIA) ° BR FLOW RATE (LBS/HR)= 97184,.€
PIL108 (B4rseI)= 271.¢ . HC-FLOW RATE (LBS/HR)= B€E€73.3
PI108 (BL1«0LT)=2624¢ e o
PI2C4 (Bi=IN)= 69(ec (PSIA) ~ 'TH104=203.¢ TH2(1=420.€ (DECG~F)
PI204 (B1l/BC)= 6824 C o YH102=2604 4 THeCz=221.8
PI204 (B2/83)= 67040 TH103=293.8  TW2(3=271.4&
PI2C4 (B3I/BL)= 65CS.C 0 TH104=314. 8 THE(L=2¢C8.0
PI204 (BL/BE)= 64L24¢ < TH105=3044.2 TH20E=317,3
PI204 (BE/3€)= 62144 - TH10€=33%.2 THE(E=313.8

- IW107=300.0 THNE(7=310.8

PI2C4

e 2oL X 2 R 2 4 A L L L 3 X 2 L L 3 B L B XA L ALK R XA L4 X1 4 3 L X L 2 4 X X XX X L N 2 X L A A L A R 4 A4 LA & & A L 2 L L B J

(BE~-OLY )=603.C

HEATER TEST 0ATA RUN KTR=27 - DATE 1-DEC'80 ”’TIM£-1Ff3C

C3 (FCLE C/C)= o471 NeClrZeG0 T=C4c75.77 NaCS52140Z IeCS5=20474

NUM CF EX(HINCEPS=G

PI106

PILCE

(BE<IM = 27540
(B4/B) = 271.%

(PSIA)

" BR FLOW RATE (LBS/HR)= 9718€.4
" HC FLCN RATE (LBS/KR)= 8€989.2

PI108 (B1-0LYV)=262.¢

PI2CL "(Bi=IM)= 68SeE (PSIA) ° TW104=203e7  TWZ(12120.2 (CFG=-F)
PI204 (B1/BZ)= 68140 T IWL02=260.€ THZ02=221.3
PI20k (B2/BY)= GEE.8 TW103=293, ¢ TH2(3=27144

PI2C4 (B3/BL)= 657.F TH104=316.5 THZ(4=2S8,2

PI204 (B4/BEY= 64LZWG TH105= Jbbo € TH2CE=31€44

PI204 (BE/BE)= 620.4¢ TH106=333.0 THZ(6z313.8

PI204

YT YT X RYYYRE R PT Y XYY XYY PR R YRR PSR RY Y PR R R Y Y Y LA A A L B LA R L A O L0 4

(BE-OLT )=B02.2

TW107=300.0C

TH2(T=210.7




HEATER TEST DATA RUM HTR=27
C3 (FGLE C/7C)= 47 N=Clhz=ZeC0 I=C4=T75.77 N=CS=§1.C2"

- :194-

" CATE 1-DEC=80

TIVE 1S=4T

1-C5=20.74

PI204
PI2C4

(BE/BE)= 6224F
(BE-OLT 1=€04.F

TH106=3474 &

TH107=301.4

TH2(E2314e2 -
THZ(T=311.2

-

NUM OF EXCHENGERS=4

PIL1C8 (BE-IN)= 27E.Z (PSIA) = ER FLOW RATE (LBS/HR)= 97188.1

PI108 (B4/B3)= 271.3 . HC FLOW RATE (LBS/HR)= 8€950,0 .

PI108 (B1-0LT)=2632.1 A R

PI2C4 (B1-TM)= 68S.8 (PSIA) -~ TW101=203.€  1W2(1=120.2 (CEG=F)

PI204 (B1/8Z)= 681.1 © . TH102=26140  TWZ([2=2214€ .
. PI204 (B2/BY)= 66SS TH103=293.7  TWZ(3=271.3

PI204 (B3/BL)= 657, TH104=31648  TW204=298.9

PI204 (B4/3%)= 64146 TH10S=34kbe?  TH2(E=31744

PI204 (BS/BE)= 6214 TH106=327.€  TWZ(6=314.0

PI204 (BE=~OLT)=€02Z4 ¢ TH107=3004€  TH2C7=31140

HEATER TEST DATA RUN FTR=27  CATE 1<DEC=80 TIME 1€«0C

C3 (FCLE C/C)= o47 NoC4ZZel0 I=CL=T5.77 NeCS=140Z 1-C5=20.74

NUM OF EXCHENGERS=4

PIL108 (B6-IN)= 27,4 (PSIA)  BR FLCW RATE (LEBS/FR)= 971€4.7

PI108 (B4/B3)= 2714 KC FLON RATE (LBS/FF)= 8€981,2

PI108 (B1-0LT)=263.0

PI204 (B1-TM)= €90.% (PSIA)  TH101=203.8 = TW2(1=120.3 (CEG-F)

PI204 (B1/BZ)= 682.3 TH102=2604S  TWZ(2=221.¢

PI204 (B2/B3)= 67C. ¢ TH103=293.,8  TH203=271.3

PI204 (B3/84L)= 65%4 € TH104=316.8  TW2(4=296,8

PI204 (B4/BE)= 643e1 TH105=345¢2  TW2(55317.€

PI2C4 (BE/BE)= 62Z.C TH106=322.€  TW2(€=314e0

PI204 (BE-OLT)=603.¢ TH107=300.8  TW2(7=310,8

MEATER TEST DATA RUM KTRe27  CATE 1-DEC=80 TIME 1€-1%t

€3 (FCLE €/C)= o847 N=Ck=Zel0 T-CU=75,77 N=C5=1.02 I-CE=i0e74

NUM OF EXCHENGERS=4 o .

PI108 (B€=IN)= 27E,C. (PSIA)  ER FLOW RATE (LES/LR)= S7484.€

PI108 (B4/BI)= 271.°¢ _HC FLOW RAYE (LBS/KR)= 85€0C.8 ]
PI108 (E1+0LT)=2624¢ . e

PI2CL (B1-IN)= 29141 (PSIA)  TH101=203,8  THZC4=120.4 (CEC=F)

°1204 (B1/BZ)= €83.C  TH102=261.0  TWZG2=2Z1.7

PI204 (B2/83)= 67141  TH103=294e0  TH2G3=271.€

PI2C4 (B3/BL)= B5S.S TN104=317.9  THZ(4=299.0 -~

PI204 (B4/BE)= 6434 TH10S=345.2  THZ(E=317.8 o/



HEATER TEST DATA RUN HTR=28
C3 (MOLE C/Cl= 4T

NUM OF EXCHEINCERS=€

PI108

PIL08
PI18

PI204

PI2ChL

PI204
PI20&
PI204
PI2C4
PI2tY

HEATER TEST DATA RUN KTR=28
€3 (FOLE C/C)= (47,

(BE=IMN)= 274,0 -
(B4rs823) = 26(..
(B1-C0LT)=25¢

(Bl1=IM)= €653¢¢

(B1/82)= 64LEaZ
(B2/B3)=. 6404 €
(B3/BL)= 633,3
(B4/BEY= €24qE
(BE/BE)= 6154
(BE=OLT)=603.¢

NUM CF EXCHENGERS=€

PI108.
PIi0s.

PILCS8

PI204
PI204
PI204
PI2C4
PI204
PI204
PI2CY

HEATER TEST DATA RUMN ¢TR=28..

(BE=IM)= 2734 ¢

(BL4/BI) = 2€€.,3:

(B1-017)=2€C.0

< (Bl1eIN)E BEZ el

(B1/8C)= 6470
(B2/83)= 63¢.%
(83/84)= 632:°¢
(B4/BE)= 624st
(BE/BE€)= 61¢%.1
(BE=OLT )=603. €

C3 (FCLE C7(CY¥= 447

NUM CF EX(FINCERS=E

PIiC8

PI108 .

PILCS

PI204

PI204
PI204
PIZ0Y4
PI2G4
PI2C4
PI2C4

(BE=~IN) =273 €
{84/B)=- 2€€42

(B1=-0LlT)=25¢. ¢

“Ei‘t'\ ’: 65 -® \.

(81/B2) = BLS.4
(B2/83) = 641,z
(B3/84)= 6335
(BL/BEY = 6240 €
(BS/E€)= 6154
(BE-OLT)=€0346

N"C‘GSEQGU :

(PSIAY .

(PSIA)

tN'Cﬁ=ZQGU

(PSI&’

(PSIAY

NeCk=24 (0
(PSIAY

(PSIB) ..

~195-

DATE 2-DEC=-80

TW101=20L.¢

- TH102=251.¢

TH103=277.9
TH104=292.1

-YH10S=303.8
-THW10€=31€Ev &
TH107=342.0

’

DATE 2-DEC=80.
J=C4=T75.77 NeC5=1,0¢

TIME (7-0C
I=C4=75477. NaCSzfe02 I-CE=¢

BR FLCW RATE-(LBS/KER)= 8€E
®C FLOW RATE (LBS/FR)= 7190M.8 -

TH2(4=124.¢ (CECG~F)
"TWEL2=21847

THZ03=2€1.0

THEZGL=281.7
TW2(65=29445

TH2(€E=3CS.C

- TH2ET7=316.2

TIME C7-1F

T«CS=20s74 .

~ER FLOW RATE (LBS/HR)= 8E€1l.3
“HC FLOW RATE (LBSIFR)— 7130¢,.¢

I=C4=T5,77 -

ER FLOW RATE (LBS/ER)=
HC FLOW RATE (LBS/KR)=-T729E1.8

- TH104=201423
~THNL02=251.0
- TH103=2T7E.8

~TH104=291.7

. TH105=303.4

TH106=31644
TH107=342.8C

NeC5=1e0¢

TN101=201.&' THZ(12425.4 (DECeF)
TH102=251,8 TH202:=219.1 "
. TH103=277.¢ THZC(3z2€0.8
CIW104=292e 4 TWZL4=28LC
TH105=303.8 TWZC(E=2CS4.5
o TN106=31740 THWZCE=3CU,E
C THL07=3061.8 TH2C7:24€.5
"CATE 2<DEC=90 .VIM C(7=3C
!9CE’20.7&

THZC1=12Se4 (EEC-F)

“THZE2=218.4
:TWEG3=2€040

THW2LL=281.1

THWE(S=2%4L.0

-YHe(€E=30k.E

THZ{7=31€ek

B L oheda el L 2l L A A B b bt d Rl ARl R b ol Al B L L ol ol L A X LA XL XL A A A LA XKL A 2 2 4 8 2 A KB A L A 3 L 24

85612.7




HEATER TEST DATA RUN HYR-Z28

C3 (FCLE C/7C)= 47

NUM QF EXCHENGERS=€

PI1086

PIiC8
PILCS

PI2C4
PI204
PI204
PI2C4
PI204
PI204
PI204

HEATER TEST DATA RUM HTR-28
C3 (MOLE C/C)z= o447 NeCk=2400

(BE«IM)= 27 3,5 (PSIA)
(B4/€3) T 26€4¢

(Bi=0LY)=25¢.¢

(Bi-IN) = 655.C
(B1/BZ)= 64 L. E
(82/82)= €401
(B3/84)= 633.¢
(BL/BE)= 624q1
(B5/B€)= 614aE
(BE=OLT)=602.5

NUM OF EXCHFENGERS=6€

PILC08

PI1G8
PIigs

PI204
PI2CY
PI204
pPIeoy
PI204&
PI204
PI204

(BE€E=Ih)= 273, 4

(BL/B3)= 26S.€
(B1=0LT)=259,2

(Bi1=IN) = 655.C
(B1/BZ)= 64SaC
(82/83)= €40 ¢
(B3/86)= 633.C
(B4/BE) = 62440
(BE/BE)= €1Le?
(BE-OLT)=602.3

(PSIA)

(PSIA)

(PSIA)Y

HEATER TEST DATA RUMN KETR<28

€3 (FCLE C/Ch= o447

NUM OF EXCHEINCERS=€

PIi08
PILCA
‘PI108

PI204

PI2CtL
PI204
PI2G&
- PI204
PI204
PI204

(BE=IN)= 273,
(B4/BI)= 2€5.7
(BE1-CLT)=25¢C,1

(B1-IM) = €55,
(B1/82)= 6L 9.1
(B2/83)= 64047
(R3/84)= 633,3
(BU/BE)=z 624ot
(BE/BEV T 614a7?
(B6=OLT V=602 7

N'CQ=2.GO

(PSIA)

(PSIA)

=196~

- DATE 2-DEC=-80
NeClz2,00 I=L4=75,77 Ne(S5z=1,02

BR FLOW RATE (LBS/KR)= 8%£611.2
~FC FLOW RATE (LBS/kR)= 7299¢.1

TN101=2014 4
TH102=250. 8
TH103=27646
TH104=291.5
TH105=303,2
TN10€=31 €o 4
TNL07=342.4

CATE 2-DEC-80

TeCl=75477

B8R FLCW RATE (LBS/KR)=
#C FLCW RATE (LBS/HR)= 731¢2.3

TH101=201. €
TH102=25C.7
TNL03=27€eE
TN104=291,4
THW105=303,.3
TH10€E=3L€.5
TH107=363.0

CATE 2-DEC-80
TaCl=75477 N=CS=1.0¢

BR FLOW RATE (LBS/KR)= 8%t€l2,2
FC FLCW RATE (LB8S/FR)=

TW104=202.0
TW102=251.0
THW103=27¢€. 8
TH104=291,.€
TH105=303,2
TH106=31€. €
TH107=342, €

TINE (7-4S

THZE(1=127.9" (DEC~F)

TH2C2=21844

THZ03=25%.9

THNZC4=280.9
TRECS=2C3.8
THZCE=30L.E
THELT=31€.€

TIME (8-0C

N=CS=1.02 1I=-CE=

TH2CL=212847 (CEC=F)

THZ(2=218.5
THZ203=2€9.¢
TWZG4=280.8
TWZCS=293.7
TRZ(E=30L.E
TH2(7=316.8

TIML (8-1%

TH2C1212G42 (CEC~F)
TW202=218.9

TH203=2€041
THZCU=280.9
TWZ(5=293.9
TH2CE=3064.8
TH2CT=21€.6

1-C5=20,74

8ce0e,2

I«C5=20474

73145,.8



HEATER TEST

OETA RUM FTRe29

C3 (FOLE ' C/C)= «47 N-C4=Z.(0

NUM OF EXCHANGERS=€

Price

‘PI108
PILC8

PI2CY
PI204
PI204

PI2C4

PI2G4
PI2C4

PI204
MEATER TEST CATA RUN HTR=ZS
C3 (FCLE C/C)= obT . -NeClkzZoll"

(B6~Tk)= 272.E

(B4/B3Y = 2€S,C
(BI-OLT) 258.2

(B1<IN)= 636.€
(81/8Z) = 6324¢
(B2/B¥) = 6276
(B3/8¢)= 62341
(BL/BE)= 61743
(BE/BE)= 610.C
(BE=GLT)=6004 €

NUM OF EXCH&NCERS‘&

prige
PI108
PI108

PI204
PI204
PI204
- PT204
PI204
PI204
PI204

"(B1=IM)=

(BE=It)=z 272Z.€.
-(B4/BIV = 2684 C

{81-0LT)= 258.3

635 €

630.‘
20‘4

€204¢

(81/8Z) =
(B2s83) =
(B378¢4) =
(B4sBE) =
(BS/7B€)= 607.C
(BE-OLT 3=597,3

6ilue £

(PS'R’

(PSTAY -

-197-

CATE 2<DEC=80 -

J=Cl=75,77 .

ER FLON RATE (LBS/KR)=
" FC FLOW RATE (LBS/FR)=

TH101=229.¢
- TH102=27%.0

IH103=2%€.5

L. TH104=305.2
- TH10C=315,.2
L TH106=330.4

L THL07=

cps:ny

(PSIAY « +

. DATE 2-DEC=80 -

l=C4=75477

‘TH101=229.2 "

“TW102=27T74%
iTN10§=296q3
THi04=30€.2

.. TH105=315.2

“TW106=330,8

;1«Tuxo1=3u3,s

HEATER TESY DATA RUN KHTR=ZS "

NUM OF EXCHENCERS=zE

=:i“7;?$'C“=2fﬁuw;

PI108 (BE~Ik)=z 2724€. (PSI&)

PI108
PI108

PI204
PI204
PI204
PI20%
PI2C4
PI204
PI2C4

(B4/83)= 26540

(BE1-0LT)=258.1

"{B1eIM) = 6340l

(B1/7B82) =630 ¢
(B2/82)= 62€.4C
(B3/84)= 6214
(BL/BE)=.615.¢
(B€78€)1=-6084C
(BE=QLT )=5G¢€. ¢

(PSIA)Y -

-ORTE 2-DEC-8C

I-Ck=75 . 77 .

N=CS5=1,0¢"

T3k

'*N-05=1d02*

N=CS=1.02 .

TH2(1=12947

THE02=24849 "

THWEC3I=28C.3
TH2C4=299,0

TINE §9-0C

I=C5=20.74

8c9%4.0 :
$z9%€.4 -

(CEG=F)

THZ(E=30€.8

TH2C6=316.3"
TH2C7=333.€

TIME 09=1%

- TH2(1=12945 .

TH202=24848 .

1-C5=20. 74

. BR FLCW RATE (LBS/ZER)® 8€000.9

FC-FLOW RATE (LBS/tR)I= S3E13.4

IEECOF)

THe(3=28S42

 TW2(4=29849

TH2(S5=306.8

THZGE=31642
TMZCT=33402

TIME (9-3C

‘I=CE=

T Y Y Y Y Y Y Y PY YRR P R PR YA AL A YL RS R L AL E AL PR YR S R LR R L L

Z0.74

BR -FLOW RATE (LBS/HR)=z BE€EL1C.4
"ichNFLeH RATE (LBS/ER):_S!ZUE.E;

TH101=22944
e THL022277 49

. TN103=29€43

TN104=30E4¢

TH105=31¢.2

. TH106=33047
TH107=3434€

THZ(1=130.0

THZ202:24L8.8
THZ03=26C41
TRETLL=2C8.9

THECS=30€47
THZGE=21€E. L

(CEG-F!

THZCTP=334.7




HEATER TEST DATA RUM HTR=2G

..=198-
CATE 2-DEC-80

C3 (VMCLE C/7C)= 4T NeCu=Z24C0 I=Clz75,77

NUM OF EX(HENCEFS=€

PI1C8

PILCeE
PIics8

Pr204

PI204
PI204
PI20C4
PI204
PI2C4
PI2CG

HEATER TEST DATA RUM EYR=26

(BE«IM)z= 27244
(BL/7EI) = 264 ¢
{(B1-0LT7)=258,0

(Bl1=1It)= 63%.¢
(B1/BZ)= €33
(82/83)= 627.,¢
(B3/8L)= 622,¢
(BL/BE)= 61€eC
(B5/8€)= 608.0
(BE~OLT)=5%7.7

C3 (FCLE C/C)= ot7

NUM COF EXC(HENGERS=€E

PIL10e

pIice
PI1C8

PI204
PI 204
PI204
PI2G4
PI204
PI204
PI2C4

(I A X A X A XL LA TN RE LI RANEE XL LY LN L P LY XNT L FEXRLEREESE L S A KL E AR A R d L A4 LA 4

HEATER TEST DATA RUMN +TR=29
'C3 (FOLE C/7C)=

(BE«IMN)= 27Z.C
(B4/ER)= 2€4.C
(B1«0LT1=257,8

(B1=IN)= 6324
(B1/8Z)= 628.¢
(B82/83)= 62&ed
(E3/B&)= 621.¢C
(B4/BE) = 61€.1
(BE/3€)= 60%e7
(BE-OLT)=60C.2

NUM OF EXCHZNGERS=6

PI108
pPI1cs
~PI108

PI204
PI20s
PI204
PI20Y
PI204
PI204
PI204

i.._........‘. (2 2 L X XL XL R L XL ERNI YRR YT Y ERYTRELIEEYERTI R EE L AL L A L3 AL K4 XL L X J

(BE=IN)= 271.°
(B4/EBI)= 2€3.¢
(B1<CLT)=257.0

(Bi~It) = €34l
(B1/8¢)= €62€%. 6
(B2/83)= 624 ¢
(B3/78&)= 61¢.¢
(B4/BE)= €14eC
(BE/3€)= 60€E.c
(BE=OLT)=5¢C7.C

(PSIA)

(PSIA)

MeClzcelD

(PSIA)

(PSIAY

b7 NeCl=Z,C0

(PSIR)

(PSIA)

B8R FLCW RATE (LBS/ER)= 8€408,7
HC FLOW RATE (LBS/HR)= 5%200.8

- TH101=229.¢
[TN102=278430
“TH1 03229643

THW104=30€.0

’TW105-315-2

TH106=33049
TH107=343. ¢

DATE 2-DEC-8C

I=Cl=z75,77

B8R FLOW RATE (LBS/FR)=
FC FLCW RATE (LBS/RR)=

TH101=230.8
TW102=278.1
TH103=29€.¢
TH1C4=306.C
TW105=315,2
TH10€6=331,2
7“107:3““00

DATE 2-DEC-80

JeCL=75.,77

3R FLCW RATE (LB8S/KR)=
KC FLCW RAYE (LBS/FKK)=

TN101=229. €
TH1C2=278,1
TW103=29€.3
TH104=206.2
TN105=31544
TH106=331.5
THL107=3044.4

N«CS5=z1.0¢

TIME 09-4°F

TH2(1=130.14 (DEC F)

THEC2:=24848
THZ03=28C.4
TH2C4=298.9
TWECE=30€,.8
TH2(€=31€.7
THELT7T=335,.2

TIivt 10-0C

NeC5:z1,02 I-CCS=20,

TH2C1z436+3 (DEG=F)

TRE(2=249.0
TH2(3=2€¢.2
THZC4=228.7
TW20S=30€.9

TW2(€E=316.8

TRE(T=335.1

TIME 10-1€

NeC5=14,02 I=Ct=¢

- TWE(1=130.7 (CEC=F)

THWZ202=249.3
THZ03=28%,2

THE(4=229,.0

THECE=30740
TW2L62317.2
THZCT7=33%5.2

I-CS=20.,74

BELOD.C
S23€7.¢

BELOE .8
'5:15702



HEATER TEST DATA RUM KTR=30
C3 (FCLE C/C)=

h?.

NUM OF EXCHENCERS=6

fI1c8

PIiC8
PIL0E

PI20Y
PI204
PI204
PI204
PI204
PI204
PI204

r 2 1 X X Y r 2 1T 3 KT R N £ 2 % & K F & X E 2 L X L2 B & 2 0 0 L L L X 1 X L & X L R L X 2 X 2 2 £ £ B X L L 2 & L N & R X X X 3 2 1 % R J

HEATER TESY DATA RUM KIR~I0

(BE=IN) = 277.E. (PSIA)
(B4sB8Y) = 26!.

(B1=0LT)=25¢.

Bi=It)= 657.(

(B1/82)= 64742
(B2/78%)= €34.2
(B3s8L)= 622.¢
(BL/BE)= €0C.8
(BS/E€)= 593.¢€

(BE«OLT)I=57¢%,1

C3 (FCLE C/70)= 47

NUM CF EXCHENCERS=E

PIL1CE:
PIiCS8

PI108

PI2C4L-
PI204

PI204
PI2C4
PI204
PI2C4

PI204.

HEATER TEST. CATA RUN FTR=30.
€3’ (FOLE C/7C)= W4T NeCzZe (0

(BE=IN) = 27746
(BL=0LT)=26040

(B1=IM)= 65€. 4

(B1/7/B2)= BLEL €
(B2/B¥) = 633.€
(B3/BL)= 621e¢
(B4/BE)= 6074°%
(BE/BE)= 592, €
(BE-0LTI=574,3

NUM OF EXCHZNGERS=€

PIice’

PI108
PILCS

PI20&
PI204
PI204
PI204
PI204&
PI204
PI2064

(BE=IN)E 27743
(BL/B3)= 26841

(B1=CLT)=25¢C. ¢

(B1-IM)= 65€.F
(BL/B2)= €LT.C
(B2/83) = 632.7
(E3/B8L)= 621,.¢
(B4/BE)= €877
(BS/R€)= 593.0C
(BE=OLT)=574.€

N=C4zZe(0

(PSIA!:

N=Clzce (1l
{PSIA)

(BL4/8B)= 268.C -

(PSTIA) .

(PSIA)

(PSIAY. .

- =199~

CATE 2-DEC-80
I=CL=75.77 - N=C5=1.02

ER FLON RATE (LBS/kR)=
KC FLOW RATE (LBS/ER)= 9

© TH101=192.7
- TH102=23641
C- - TH103=263.0
“TH104=280,¢

~TN106=2944¢3 THZ(€=22282.¢
TH106=310. 4 THZ(E=2G€e2°
THLDT=3hie & TH2CE7=307 2
GATE 2-DEC-80 TIVE 11-3C

JuC4=75:77 N=(S=1,L2

-THEL1=4

TINE 11-1F

TH202=204+8
THEC3I=24440

THZG4=2€T.0

1-CE=20.74
9€2£1.1.
T

3.5 (UEG-F)

I-CE=2Ce 7l

BR FLCH RATE (LBS/KER)= 9€438.%5

CFC FLCH RATE (LBS/KR)= G3278&.4

"TH101=192.7 TH2(1=134.€ (PEC F)

TH102=23641 THZ(2=204W8
TH103=263.9 THel3I=244.0
TH104=280,€ TW204=2€T.2

 TH165229443
C TH106231042

CTHL107=344G4,. €

UATE 2-056-80
I=CL=75e77 N=(S=1,.02

"TW101=192.8

TH102=23640
TW103=263.0

L TH104=280.¢
TN106=29443

 TH10€=310.2

. YH107=3hGse €

TH2(S=283.1
THE(6=2C6,2
TWECT7=307.4

TIVE 11=4%

© BRFLOW RATE" (LBS/HR)= GEL3E.E -
FC FLOW RATE (LBS/ER)= 92942.2

THEL1=134.9 (CEG F)

THZL2=20447 -

THZC3=24b ol

THEC L=2ET.0
TWE(E=283.1

THZ(6=29€.1 -

TW2C7=307.0

-J*CE=ECe T4




-200-

HEATER TEST DATA RUM FTQ-SO TIME 12-0C

CATE 2-DEC-80
C3 (FOLE €/C)= o7 NeC4=ZeC0 I-Cl4=75.77 N=C5=1.0Z I-C5=20.7& (:;
NUM CF EXCHANCERS=€
PIL108 (BE~IMN)= 277.% (PSIA) ER FLCOWN RATE (LBS/FR)= S€B(7.3
PT108 (BL/B)= 26842 HC FLOW RATE (LBS/HR)= S3€Qf.0 .
PI1C8 (B1-0LlT)=260.C :
PI204 (EleIM)= 65€,0 (PSIA) TH101=193,0 TH201=134e7 (CEC-F’ )
PI2CL (B1/BZ) = BULELZ TH102=236423 THZC2=204.9 §
PI2C4 (B2/81)= €33.¢€ TH103=26342 TH203=244e3
PI20L (B3/84)= €214 TH104=2804 € TH2(4=2€T.2
PI204 (B4/BE)= £08.C - TH105=294. 4 THE(S5=283.3
PI2C4 (ES/BE)= 593,C TW10€=310.¢ TH26€E=29643
PI204 (BE=OLT)I=574.5 TH107=344 . € TH2(7=307.2
HEATER TESY DATA FUAN HTR-3( CATE 2-DEC-8C TIWt 12-1%¢
€3 (FCLE C/7C)= 47 NeCl=Ze00 I=CLU=T75,77 NeCS5=1,02 1I-CE=20.74
NUM CF EXC(HZNCERS=E
PI108 (BE-IM)= 277.% (PSIR) ER FLOW RAYE (LBS/KPR)= CEE&07.2
PI108 (B4/83)= 267.¢ HC FLOW RATE (LRS/ER)= 93940.€
PI108 (B1-CLlTY)=25¢C.¢
PI204 (Bil-Ib)= 65E.C (PSIA) TW101=193.0 THZCi‘i’th (CEG=F)
PI204 (B1/B2) = €4€.1 TH102=23€.4 THEC2=265.0
P1204 (B2/B3)= 633,C THW103=263,2 THNZ203=244,.2
PI204 (B3/3L)= 624.0 THL04=28047 TW2C4=2€744
PI2CY (B4/BE)= €06.C THL05=294.3 THZ(S=283.1
PI204 (BE/sBE)= S592,.¢ TH106=310,.2 THZCE=29€e1
PI204 (BE=CLYT)=S74.C TW107=344. € THZ(7=307.0
HEATER TEST CATA RUN KTR=3Q CATE 2-DEC-8C TIME 12-3C
€3 (MCLE C/7C)= 47 N=Cl4=Ze(0 I-C4=75.77 N-CS=1.02 I-CS=20.74
NUM COF EX(HENCERS=€ =
PI1C8 (BE~-It)= 277.0 (PSIA) ER FLOW RATE (LBS/FR)= 9€617.3
PI108 (BL/BI)= 267.¢ HC FLOW RATE (LBS/HR)= 9I644.8 N
PIL1C8 (B1-0LY)=2Ec<.¢€ - :
PI204 (Bi1-Il)= €5E.,% (PSIA) TW101=133,2 YHZC1=135.1 (CEG=F)
PI264 (B1/82) = 64€.C - TH102=236.3 THeC2=20s.0
PI20L (B2/BI)= 632.¢& TH103=263.1 THZC3=244e3 .
PI20L (B2/BL)= 62140 TH104=280.€ TWZO04=2€T.2 o
PI2C4 (BL4/BE)= 60647 TH185=294.3 YHECS=2E€3.1
PI204 (BS/BE)= 5920 THW106=310.2 THZL€E=2C€,.1

PI204

{BE-CLTI=ET73, ¢

TH1G7=34L4. 8

THZ(7=307.8 -



#

HEATER TEST DATA RUM FTR-31

C3  (FCLE C/70)= 47

NUM OF EXCHEANCERS=E

PI1C8

PI1C8
Prigs

PI204&
PI204
PI204
PI2C4
PI204
PIC2O4
PI2C4

HEATER TEST CATA RUM HTR-31

C3 (FCLE C/7C)= 47 NeClh=g,.00

(BE=T}) = 277,.1
AB4/33)=

26T €
(B1-01T7)=25¢%.¢

(B1=IM)= 634e ¢
(B1/B2)= B2¢C.C
(B27B3)= 62040
(B¥/B84)= €11.¢€
(B4/sBE)= 60147
(BE/8€)= 590.¢
(BE-OLT)=5T4.7

NUM OF EXCHENGERSZE

PIL08

PILC8.

PItcs

PI204:

PI204
PI204

PI204

PI204
PI204
PI204

HEATER TEST QATA RUN FTR-31 .

(BE=IN) =z 27742
(E4/B)=

(B1«0LT)=25¢.¢€

Bi=IN)= €3¢,3

(B1/€2)= b2%. 4
(B2/83)= 620.€
(B3/BLk)= 61243
(B4/BE)= 6024 ¢
(BE/BE)= 591.¢
(BE~OLT ¥=575.7

C3 (FCLE C/C)= o477

NUM CF EXCHFZNCERS=€

PIL08

PIsGe

PI1C8

PI204

PI2a4
PI204
PI2C4
PI2C4L
PI2C4&
PI204

ABE=INY= 27741
(B4/83) = 2€7.¢

(B1-CLT)=2€EC.E

(BLeTb)= €3E42

(B1/8Z2)= B2%e3
(B2783)= 6204
(B2/B4)= €12.C
(BL/EEY= 60263
(BE/8€)= 591,.¢
(BE~OLT )=575.7

267¢C.:

NeCl=2,00

(PSI&!

(PS1IA)

(PSIA)

(PSIAY -

APSIAY -

(PSIA)

-201~

‘CATE 2-DEC-80
1eC4=75¢77 N=CS=1.02

_ER-FLOW RATE (LBS/ER)=
HC FLCH RATE (LBS/FR)=

‘TH104=2094¢C -
-~ TH102=256417
- TH103=279.7

TH104=292.3

"TH108=302.¢€
“TN10€=31€.3

CATE 2-DEC-80
I« 4=75,77 NeCS=1,0¢

BR-FLCW RATE (LBS/HR)=
- FC-FLCH RATE (LBS/HR)=

‘TH101=2162

- TH102=25T7 41
- TH103=280.1

TH1GL=292,.¢€

" TN105=302.¢

TH106=316€4€

T TH107=345.0

CATE 2-DEC~-80 -
NeClkz=Z2oLl0 - T=Cl=75,77

TH104=221042
“TW102z25642
THW103=280e1

TH1G4=292,7

 IH105=302.8

- TH10E=3164€
- TW107=34540

N=CS5=1.02

TIME 13-1F

THZ2(1=132.%
TWE(E=225+4
TH203=264.0
THECL=282,.¢

THWZLS5=22C3.8
TH2{E=2024-
“THEZ(T7=318.8

TIME 13=3C

THZ(1=132.4

TH2(2=225.8

TWZ(3=2€5.0
TRZ(4=28342
THZ0S=2C4et

TH2(€=3C2.7
THZ(7=319.4

TIME 13=LE

THZ(1=2432.¢
THE(2:22549
TR203=2€S.0

THZC4=283,3

TH20E=29441

TH2(€=302.€
THELT=319.0

- I=C5=20474 -

9€521.5 .
780k,

(CEG=F)

I-CE=20.,74

G€51€,3
T42€L.3.

(CFG-F’

1+CE=204T4

"BR FLCW RATE (LBS/FR)= G£51€,2
. HC.,FLON RATE (LBS/kR)= 7L95L.4

(CEG~-F)

“.‘--.-...‘. FY T TR R YRR Y YRR R Y XYL PR Y S LY R AR Y YL YR T L L A Al L Al Al ol g




HEATER TEST DATA RUM HTReI1

C3 (FCLE C/C)= 47

NUM CF EXCHENCERS=E

PIiCe

Prige’

PIL108

25413

PI204
PI2C&
PI2G4
PI2CL
PI204
PI2CY

Ll T r ¥ X £ X X 2 ¥ ¥ ¥ N X 2 F E &2 1 X X X 4 2 2 I B & L 32 £ 1 K X B & X ¥ ¥ & 2 2 L ¥ ¥ E ¥ 1 ¥ 1 2 2 2 3L £ L K & X K R N T X 2 1 XN |

(BE=IMN)= 277.C
(B4/BI)= 2674€¢
(81-CLT)=25%.¢

(B1-Tt) = 634.7
(B1/82)= 62847
(82s783)= €20.2
(EI/BL)= 611.¢€
(BL/BE)= €0CeC
(BS/8€)= 591.4
(BE-OLT)=57E,¢

N=ClL=Ze (8 TI=CL=T5,77 N=CS5=1,02

(PSIA)

PSIAY

HEATER TEST OATA RUM FTRe3%

~-202-

CATE 2<DEC~80

ER FLCW RATE (LBS/ER)= 9€t518.0
HC FLOW RATE (LBS/#R)= 7L933.8

TH101=210.1
TW102=256+¢E
7“1033280-0
TH104=29204&
TH105=302.¢€
TW106=316.2
TWL07=34L5.0

CATE 2-0EC-80

C3 (FCLE C/7C)= 47 N-Ck=g.(0 I=C&4=75,77
NUM CF EXCHENGERS=€

PI1CSE
PI108
PI1c8

PI2C4
PI2C4
PI204
PI204

PI204
PI2C4

PI204

(BE-IM)= 277.C
(BL/B3I)= 2€17,¢8
(B1=0LT)=25C. €

(B1-It)= 634aS
(B1/8BZ)= 62§40
(B2/83)= 62043
(B3/8L)= 61143

(B4sBE)= €022
(BEE/8€)= S5S1.¢

(BE=CLT)=57E,2

(PSIA)

(PSIAY)

HEATER TEST DATA PUM FTRe3Q

C3 (FCLE C/7C)= 47

NUM CF EXCHINCGEPS=€

PI1C8
PILCe
PIio8

PI2C4
PI204
PI2C4
PI204
PI2¢C4
PI204
PI204

R X XX X X 3 K L L L L ANy P K AL L ELLE R L L AL AL REXRLREILNETLZXX N XX LKL X KX LR XL R L & L L N J

(BE=Ih)= 27744

(B4/82)= 2€8€.1
(B1-CLT)=25¢,. 8

(B1=It)= B6I4&. €
(B1/782)= 62%.0
{(82/83)= €203

(B3/78L)= 611.¢
(B4/BE)= 60243
(BE/B€)= 591.2
(BE=OLY)=57¢5,¢

h-Ck:Z.EG

(PSIA)

(PSIA)

ER FLCW RATE (LBS/KR)= S€50¢%.2
HC FLCH RATE (LBS/HF)= T50¢7.8

TH104=210.€

TW102=257.1
TH103=279.9
TH104=2324¢
TH105=302.€
TWi106=316. 4

TH107=345.0

CATE 2<-DEC-80

I=Cl=T75.77

ER FLCW PATE (LBS/FR)= 9€£05.7
HC FLOA RATE (LBS/kR)= 7507840

TH101=240.8
TH102=257.€
TH103=280.2
TH104=232417
TH105=302. ¢
TH106=316.%
TH10T=3Lbe &

N=C5=1.0¢

TIME 14-0C

TH201=132+7 (CEGeF)

TH202=22%.7
TNZ(3=2€LksS
THEC4=28340
THZ(S=2¢S4.0
THZ(E=302.4
TH207=318.8

TIME 14-1¢

E=1.0¢

TH2(1=133.,8 (CEG=F)

THEG2=22€40
TH2( 3=2€4.S
TWEC4=2E3.1

THZ(5=2293.9
THZLE=302.4

THZ(T7=319.0

TIVE 14-3C

TWZC1=134.0 (CEC-F)

TWEZ02=22€«4
THE(3I=2€%,2

THE0 4=28344

THZ(5=29%4 41
THZ(6=302.€
TWZC7=318,2

I-CE=20.74

I-C5=20.74

I-CS=20.74



HEATER TEST CATA RUN HTR-32-

C3 (FCLE C/7C)= .47

NUM CF EXCKENCGERS=E

PIiCSE
PI108
PILL8

PI204

p1204
PI2C4
PI204
PI2C4
PI204
PI2C4

HEATER TEST DATA RUN FTR=3Z

C3 . (FOLE C/7CY= 447 N=CL=Z,.00

NUM
PIL08

PIioe

PIL108

PI2tG
PI2C4
PI204
PI2CL
PI2CH
PI204
PIZ204

HEATER TEST DAYA RUN HTR=32
C3 (FCLE €7C)= o&T-

ABE=I})= 27441
(B4/33) s 2€€47

(Bi-OLT)=26G ¢

(Bi‘Ih’: €130
(B1/8B2) = 60¢%.7
(B2/83)= 60444
(B3784) = 59¢C.7
(BL/BE)= 593,.7
(BE/B€)= 585.¢
(BE=CLT)=575.C

CF EXCHEINGERS=E

(BE=IM)= 2T 44 (

(BL/BY)= 267+

(B1-0LT)=260.C

(B1<Ih)=z 61247
(Ei78C)= 60C.¢
(B2/82) = 6040
(BSIEA)=»599.£
(E4/RE)= 59T

(BSIBG!:'SG...
(BE=QLT)=STU..L

NUM OF EXCHENCERS=€

PI108 "
PI1CE:

PIiCS

PI2G4 -

PI2CL
PI204
PI204
PI2C4
PIZ204
PI2GY

(BE«Id)="273,¢

(B4/83) = 266-.'

(B1-0LT1=25¢. ¢

(B1=ItM) = 61ZaC
(E1/B2)= 60844
(B2/83)z 60340
{B2/BL)= 598,1
(BL/BE)= 59241
(BE/B€)= S84eS
(BE=-OLT)=572.2

N=Cl=Z24(0"
(PSIAY

(PSIAY

(PSIA)

(PSIA!?

CATE 3=DEC=-80

 -203-
TIFME (7-CC
T=L4=75.77

N=C5=1.0¢ TI-C5=ZC.74

- ER FLCW RATE (LBS/KR)= 85€98.4
- HC FLOW RATE (LBS/HR)= 5%222.3

TH101=222,¢ THEC1=127.8 (CEG=F)

TH105=307.8
THL06=324,13
TH107=342.2

CATE 3-DEC=-80

~JuC4=75477

JBR FLOW RATE (LBS/EK)=
... FC FLOW RATE (LBS/HR)= SE4LO.E

-TH104=22243 -

- TH102=270.2
TH103=289,0

TH104L=298,.7

“TH105=307,¢

S THi0€=324a1
T TH10T=302.3

‘NeCl=2400 "

lPSIﬁ’

(PSTIAY

~-DATE 3=DEC-80 -

v ‘0:75 o T7:

- BR FLCW RATE (LBS/HR
. KFC FLCH PATE (LBS/kR)

C TW101=222.1
L. TH102=269,¢€

"TH103=288.¢
“TW104=298.1

. IN105=307.0

TH106=32444

. TW107=342.8

N=CS5=1,402

NeCS=1,02

S TH102=270e4 THEE2=241 .3
TH103=28844 TWZ03=277.9
TW104=298.7 THZL4=29244

THZ(S=2¢<9. 8
THZCE=307.4
TH2(7=328.4

cTIVWL CT7=1€

- THZ2C1=128.¢ (DEC-F)

THE(Z=241.0
TH203=277.6
THeCL=2C1.8
THZ(E=29G,5
THZ2CEE3CE. S
THZ(7=32¢C.0

TIME C7-3C

)= ecage
)='SEBE

TH2(61=129.9 (CFG-F,

THZ(2=240.¢
THEL(3I=27740
YWZ(4=291,3
TWZ05=29940
THECE=IC0E.S
THZ(T7=32G.2

J-C€= 2007‘4

8€701.8

I«C:=20e74%




-204-

HEATER TEST CATA RUN FTRe22 DATE 3<DECe80
€3 (NMOLE C/C)= o47 N=CL=2.CL I=C4=75.77 N=CB=1.02

I=CE=20.74& T
NUM OF EXCHENCERS=E
PI1C8 (BE<It)= 273.¢ (PSIA) "~ BR FLCW RATE (LBS/HR)= B€10%.30
PILCE (B4/BI)= 2€€,.1 HC FLOW RATE (LBS/FR)= 55317.7
PI108 (B1-0LT)=25¢,¢ o | -
PI2C4 (B1~I0)= B11.4 (PSIA) TH104=222.8 TWE(1=43C.C (cse-r)
PI204 (B1/82)= 60€,.2 ' TN102=26%. 8 THZ02z241.0 :
PI2C4 (BZ2/B3)= 603.1 TNL103=288,9 TH203=277 44
PI204 (B3/8L)= 5QE,.¢ TH104L=298,2 TH264=291,.5
PIZ04 (BL/BE)= 502,68 TTHL05=307 44 THZ(52299.3
PI2C4 (BS/B€)= 5844 ¢ TW106=324.¢ TW2CE=307.0
PI204 (BE-QLT)I=572,¢ TH107=343. 5 TW2(7=2330.4
HEATER TEST CATA RUN FTR32 CATE 3«0EC~80  TIM (8«0C
€3 (FOLE C/C)= «&47 N=ChzZell T=C&4=75,77 NeC&=1.9Z 1-CS=20.74 -
NUM CF EXCHENCERS=¢
PIL108 (BE=IM)= 273.€ (PSIA) BR FLCW RATE (LBS/HR)= 8€1€7.3
PI108 (R4/RI)= 26648 FC FLCW RATE (LBS/HR)= 55878,3
PI108 (B1=0LT)=25¢C,¢& . '
PI284 (B1=-IM)= 611.7 (PSIA) TH101=222.¢ TW2(1=130.0 (CEG=-F)
PI204 (R1/BZ)= 608,C TH102=270.1 TH2L2=241,2
PI204 (B2/B3)= 603, ¢ TH103=289.8 TH2(3=277.6€
PI2C4 (R3/BL)= 597,68 TW104=298 ¢ & TWZ04=291,6
PI204 (B4/BE)= SG2,( TW105=307.€ TH2(S=299.4
PI2CL (BS/BE)= 56L.C TH106=325.C THZCE=3C7e2
PI20k (RE<OLT)I=S72,¢ TH107=342.9 THZL7=32¢,.8
HEATER TEST CATA RULM FTReIZ OATE 3-DEC-80 TIME (8e-1€
C3 (FCLE C/C)= o7 N=Ch=ielC I=CU=75,77 NeCS=4482 I-CE=é0.74
NUM CF EXCHEZNGEFS=¢ )
PI108 (BE-It)=z 273.¢€ (PSIA! BR FLOW RATE (LBS/HR)= 8€10Z.3
PI168 (B4/BI)= 26€ e HC FLOW RATE (LBS/+HR)= 5%842.G )
PI108 (B1-0LT)=25¢, , , '
PI2064t (Bi-IM)= €12.C (PSIA) THW101=223.2 TW2(1=130.% (CEC=F)
PI204 (B1/8Z)= 608.7 S TH102=270. & THZC2=241.€ o
PI2C4 (B2/823)= 602,32 “IW103=289,2 TW203=277.8
PI204 (B3/BL)= 508,12 ~ INL04=298,€ THW2(4=2C1,8. —
PI2C4 (B4/sBE)= 5QZ,¢ - TH105=307.¢ TWZC(E=229,5 o’

PI2C4 (BS/BE)= S84.7
PI204 (BE=CLT)I=573,3

TH106=325.1
THL07=343,2

LA A L A A L A S X X A LR & L L XX XL A LA L AL NLE LI TEY L X T R Y NY Y X XY P LA RY TP TR T s S gy

TIME 07=4%

THZ(E=3C7.4

THZC7=330.7



HEATER TEST OATA RUMN HTR-33J
C3 (PCLE C/()= 4T N-Ch=Z.(C

NUM OF EXCFZNCERSa€

PIiC8
PI108
Pr1g8

PI204
PI204
PI204
PI204&
PI204
PI204
PI204

HEATER TEST CATA RUN HTR=33

C3 (FPCLE C/C)= 47 N=CL=Z,00

(BE«It)= 2L2.C
(84/s82)= 234.E
(B1-0LT)=223.¢C

(BleIt)z 637.¢
(BL/BZ)= 62742
(B2/7B2)= 61345
{B3/8L)= 600.8
(B4/BE)= SBEC
(BE/BEY= 570423
(BE-OLT )=54cS. ¢

NUM CF EX(HENGERS=€

PI108
PI108
PI108

PI204
PI204
PI204&
PI204
PI204
PI204
PI204

HEATER TEST CATA RUMN HTR~-33.
C3 (MCLE C/ ()= 47

(BE=It)= 24Ce¢

(B4/81)= 23147

(B1=-0LY¥)=223.C

(B1=IM)= 6377
(B1/BZ) = €27
(E2/B23)= 613.¢
(B378L4)= 6007
(B4/BS)= 585.7
(BEsB€)= 57041
(BE=CLT I=54¢Cs

NUM OF EXCHENCERS=z€

PIiCS
PI1GE
PI1CS

PI204
PI284
PI204
PI204
PI2CkL
PI204
pI2cd

(BE~IM)= 24Tl

(84/83)= 2314¢

(B1-CLlT)=222.7

(Bi«IN)= 63742
(B1/BZ)= 627.1
(B2/B3)= 61343
(B3/8L4)= 600.5
(B4/BE)= 585.¢
(BE/B€Y= 57042
{BE=OLTI=54L<SeC

(PSIAY

(PSIA)

(PSIA)

(PSIA)

KeClz2e(0

(PSI&’

(PSIAY

-205-

DATE 3=DEC~80

1'0“275077

ER  FLOW RATE (LBS/ER)=10C593.1
HC FLCW RATE (LBS/kR)= G€737.€

‘TN101=195.8=
- TN102=237,.0
“TH103=2624 4

THL04=279%.1

,TN105=292.0

TH106=307, €
THL07=344,2

DATE 3=DEC~-80

ER FLCW RATE (LBS/ER)=10058€.2
- HC FLCH RATE (L8S/KR)=x 9€412.7

"TW101=19€,2
TH102=237 .4
- TH103=2624€

TH1064=279.3
THW105=292.2

> TH106=307.¢€
- TH107=344,3

"CATE . 3=DEC-80

I=C4=7577

"TW101=12€4 4
~ TH1C02=237.€

TH103=26247
TH104=279e &
TH105=29242
TH106=3074 €

- TH107=3kba€

NeC5=1.0¢

TIME
N=CS=1.6¢

TH2(E=

TIME (9=-0C

TH201=140.0 (CEG-F)
TH2(2=207.GC

THZ03=24be2
THZCL=2€E €
THZC5=28144
TH206=29345

TH2(7=302.4

TIME (S~-1S

- JeCL=75477 NeCS5=1,02 I-CE=

THZC1=440.S (CEG=F)
.TREC2=207 .4 .

TW2(3I=24b.b
TH2LU=2€€.7
THZ(E=281.4
TWE(CE=293.5
TH2(7=23C2. 4

£9-3¢

L8R FLOW RATE (LBS/ER)=10(7€1.8
" FC. FLOW RATE (LBS/KR)= G€3E€.1

" TH201=140.8 (CEG~F)
- TW2(2=2C7.7

THWEL3=244oE
THZL4=2¢EE.E
281.5
TUHZCE=2S3.5
TH2(7=3C2.7

IQCS=2007“

I1-CS=2C.74




~206-

HEATER TEST QATA RUN KTR-33  DATE 3-DEC-80 TIME C9-4S

C3 (FCLE C/CVz 47 N=C4zZe00 I=Clz75.77 NeCSz1,0Z I-CEt=ZC.74 —
&'

NUM CF EXCHENGERS=€

PI10& (BE~IN)= 242.C (PSIA) - BR FLOW RATE (LBS/HR)=100311.8

PI1C8 (B4/B3)= 231,32 HC FLOW RATE (LBS/FR)= 9€37€.%

PI108 (B1-0LT)=222,.¢ , : .

PI204 (B1=IN)Z E3€4% (PSIA)  TH101=19€.% THZC1=14L0.7 (CEG=F)

P1204 (B1/BZ)= 626.C TH102=237,.8 THE62:267.9 .

PI204 (B2/BI):= €12,.¢ TH103=2628 THZC3=244e 8

PI2C4 (B3/B4)= 60Q.€ TH104=279.5 TWECL=2€7.0

PI204 (BU/BE)= S84,6€ IN105=232,2 TH2(5=281.5

PI204 (BE/3€)= 565,43 TW106=307€ THNZ(E=293,.5

PI2CL (BE-CLT)I=Sl€.1 TH107=34b4e & TWZ(T=302.7

MEATER TESY DATA RUMN KFTR<33  CATE 3-DEC=-8C TIM 18-0C

C3 (FCLE C/7C)z 4T NeoCl=2400 IeC4=75,77 NeC5z140Z ICS5=20,74

NUM CF EXCHENGERS=E '

PI108 (BEeId)= 2UL1.7 (PSIA) BR FLCW RATE (LBS/KR)=1002€3,9

PI1C8 (B4/BI)= 231.0 FC FLOW FATE (LBS/FR)= 9€337.3

PI1G8 {B1-ClT)=222.1

PI2C4 (Bi=IN)= 63E.3 (PSIA) TN104=19€4 € TH2(1=1&41.0 (CEG=F)

PI204 (B1/BZ)= 62€.( TN102=237.¢ THZ(Z2=20840

PI204 (B2/33)= 61244
PI204 (B3/BL)= 59¢,.8
PI204 (B4/BE)=z 5B4e7
PI2CL (BE/BE)= 56S4¢
PI204 (BE-OLT)=5484E

TW103=262,.8
TH104=279,.4
TN105=2292.2
TH106=307.¢€
TWL07=344e7

THZ03=24L.8
TH2CL=2€7.0
TH2(5=281.5
THE0E=223.5
TWZ20T7=302.8
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HEATER TEST CATA RULN FTR«33 CATE 3«DEC=80 TIME 10-4E

C3 (FMCLE C/C)= oLT? NeCLzZell I=C4=75.77 NeoC5=1.(Z I«CS=2C.7%

NUM CF EXCHENGERS=E .
PI1C8 (BE<IM)= 241.% (PSIA) ER FLCW RATE (LBS/ER)Z10C29€. 4

PI108 (B4/BRI)= 231, EC FLCW RATE (LBS/FF)= G€28€,.2

PI108 (B1-0lT)=222.1 | <
PI2C4 (Bi1-It)= 63€.4 (PSIA) TH102=196.%8" THW2C1=141.4 (CEC=F)

PI204 (B1/RZ)= 625,¢ : TH102=237.8 TWZC2=20840

PI204 (B2/83)= 61241 TH103=262,.8 THZC3=244,.8

PI204 (BI/BL)= 5CG,4 TNL04=279,3 TH2C4=2€€,¢ —
PI204 (B4/35)= SBL.L TH105=292,.1 TW2(5=281,% O

PI2C06 (BS/BE€)= S6¢C.(
PI20k4 (BE«CLY)=SLT7,¢

© TH106=307.5

TWL107=344,7?

TWE(€6=293.5
THWZCT7=202,.8



HEATER TEST CATA RUN HTR=34

C3 (FCLE C/70)= LT  Ne=C4=2,.(0

NUM CF EXCHENCERS=E

Price

PIi08
PI1CS

PI204
PI2t4
PI204
PI204
PI2C4
PI204
PI20&

FY XYY T 2RI TYTYYE R YI R TR Y P PR L L L R FL X L X ¥ 2 r ¥ ¥ L ¥ % L X & N2 & L XLL 1 X1l E & X XX K1 X1 L R i

HEATER TEST -DATA FUMN HTR=34
C3 (MCLE C/7(C)= 47 N=Cl=z=Z.(L

(BE=-IM) = 2u1.E

(B4/82)= 231.C
(B1-0LT)=22%2.¢C

(B1«IN)= B61€,C
(B1/B2) = 60¢C.¢
(B2/EZ)= 59¢C.¢&
(B3/B&4)= 591.0
{B4/BE)= S80.5
(BE/BE)= 568, 8
(BE-CLT )=550.€

NUM CF EX(HENCGERS=€

PI108

P1108
PIiGS8

PI204
PI204
PI20C4
PI204
PI2C4
PI204

PI204&

(BleIt)=

(BE=It)= 241

(B4vsBl)= 2304 ¢

(B1=CLT)=22%.0

61€.C
(B1/B2)= 60¢. €
tB2/83) =
(B3/34)= 5G1.1
(B4/RE)= 580.€
(BS/BE)= 56C.(
(BE=-OLT 1=55047

€00.C

(PSIA)

(PSIA)

(PSIA)

(PSIAY

MEATER TEST CATA RUMN HTR-34

€3 {(rCLE C/7(C)=

b7

NUM OF EXCHENCERS=€

PI1CSE
PI108
PI1CS

PI2GC4

PI204
PI204
PI204
PI2CUL
PI204
PI2C4

L R X L X 2 R X8 K L 0 2 K £ & L LR L A L 2 & P N T L X YT Y R Y Y R Y

(Bi=IM)=

(BG-IB): 2411

(B4/83)= 2304E

(B1-0LlY)=221.€

RIEN:
(B1/82)= 60S.¢
(B2/83)= 5G€,3
(B3/8¢)= 590.¢€
(B4/BE)= 580,32
(BE/B€) = SEELE
(BE=CLT)=550. ¢

hNeClz=2.(0 -

(PSIA)

(PSIA)Y

- DATE

-207-

‘CATE 3-DEC~-80 .
JI=C4=75,77 Ne(5=1,02

TIME 1C-4€

JeCE=20.74

ER -FLOW RATE (LBS/¢R)I=105373.¢
#C FLOW RATE (LBS/HR)= 77€1¢<.€

TW101=208,2
- TH102=254. €
TWL03=2770 4
TW104=289,. 8
TH105=298.9
TH106=31440
TH107=345.0

CATE‘3-DEC-9§-
I=CL=75.77 N-C5=1.02

TNEC2=
THE(4=279.7

TW2G1=12%.7

TWZC2=223.1
2€2,€

TW2(5=290.9

TH20€E=2¢S8e3
THZL{7=316.E

TIME 11-0C

ER FLCW RATE (LBS/kHF)=10C2

TW101=208.1

THiR2=25L. ¢
THWL103=277.€

 THL04=289. 8

YH105=299.10
TH106=314e2
TH107=345.0

I=C4=75.77

ER FLOW PATE (LBS/ER)=100372
+C FLCW RATE (LBS/KR)= 77%5¢

- TH101=208,2
TN182=25L.€

TH103=277.4
TWL104=289.8
TH105=298.¢

- TW106=314e2
- TH07=345.2

3-DEC=8C
N-CS:i-Bi,

THZC1:129,¢%

THZ2(2=223,2
TWNZ03=2€244

THZCL=280.+E
"TWElS=

291.1
THZCE=2¢C8,3
TWZ2CT=231€.1

TIME 11-1€

TH2C1=129.9
THZ(2=223.2
TH2(322€242
THZC4=280.5
THZ(5=290.9
TH20E=2S842
TH2CT=316.2

(CEGeF)

I1-CS5=20.74&

1g.¢
~ HC FLOW RATE (LBS/HR)= 7763¢.%

{CEG=F)

I‘C5=2°t7ﬁ'

oS
8.€

(CEC=F)




HEATER TEST DATA RUM HTR=34
C3 (FCLE C/C)= ob7 N-Ch=ZoG0
NUM OF EX(FENCERS=€

PIL108

PI1C8
PIL08

(BE=Ih)= 24l.1 (PSIAY
(E4/B2)= 230.°F
(B1-0LT)=221, ¢
PI20&

(B1=IN)= 61%.% (PSIA)

PI204 (E1/BZ)= 60S.C
PI204 (B2/B1)= SOC.E
PI20& (B3/BL)= 590.7
PI204 (B4/BE)= 5604 L

(BE/BE)= SEE.€
(BE-OLT)=550,.¢

PI204
PI204
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HEATER TEST DATA RUN FTR=34
C3 (FCLE C€/C)= +47 N=C&=2.00

NUM OF EXCHENGERS=¢€

PIL08 -(BE=IM)= 2410 (PSIL)
PI1¢8 (B4/B2)= 230.F

PI108 (B1-CLlY)=221,¢

PI2CL (B1-IM)= €14.7 (PSIR)
PI204 (B1/EC)= 60¢&,2

PI204 (B2/33)= 5C&.7

PI2C4 (B3/84&Y= 59C.C

PI204 (B4/RE)= S57¢,€C

PI20& (BE/BE)= ‘67.

PI2C4 (BE-CLT)=SL<C,.E

HEATER TEST DATA FUM HTR=34
€3 (FOLE C/C)= 47 MN=Ckz24(0
NUM OF EXCHENCGEFS=E

PI108

PIiCSs
PI1CS

(BE=It)= 24142 (PSIAY
(B4/EIYV= 23C.°F

(B1-0LT)=221,€

PIZCL
Piets

(Bi~It)= €1E.€E
(B1/BZ)= €0¢c. L

(PS1IA)

PI204 (B2/s83)= 600.0
PI2C4 (BI/BL)= £91.(
PI204 (B4sBE)= 580.°
PI204 (BE/BE)= SEE.7

PI2C4 (BE=CLT)1=550.%

LA A A R B & & L K B L A B N 1 L F X ¥ E A XX L X L » L N L 2 X 2 L L LK X 2 L & XN EXZTRFFELDRYYYZZYTYERFNEFEREY XYY Y R

~208-

CATE 3-DEC~8C

I=CL4=75.77

THi101=208.€
TN102=255.0

"TNL103=277.°

TW104=290.1
TH105=299,.2
TH106=31L. €
TH107=34L5,3

CATE 3=-DEC=-8C

I«Cl=75477 N=C5=1,C02

N=C5=1.02

TIME 11-3C

B8R FLCW RATE (LB8S/+RYI=10CEk5.2-
HC FLOW RATE (LBS/HR)= 773€€.7

THEC1=129.5 (DEC=F)

TH202=223,7
TH203=2€2.€

TH2C4=280.8

THZCE5=291,.,2
TW2(€=2¢C8. 4
THZ2(7=316.8

TIME 11-4€

I=CE=iC.

I'C5=2507“

BR FLCW RATE (LBS/kR)=10C334.4
BC FLCW RATE (LBS/FR)= 7732¢.9

TH101=20S«4 THZC1=129.9 (CEC~-F)

INL102=25447
TW1083=277.¢
TWN104=289,8
TN108=299,0
TH106=314e4
YTH107=345.2

CATE 3-DEC~20

leCl=75,77

N'CSZIUOE

THZ02=223 44
TWEC(3I=2€24
YHEL{L=280,E
THWZ(E=291,0

THZ(€=2%8,42
THZ2(7=316.€

TIME 12-0¢

IeCt=2Ca74

BR FLCW FATE (L8S/ER)=1003€4.7
+C FLOW FATE (LBS/FHR)= 77588.€

TH101=20847 TWZ(1=130.,0 (CFG=F)

TW102=254,¢
TH103=277.7
TH104=290.8
TW105=299,2
THL0E=344ek
TW107=345,€

TH202=223.€
TWEG3=2€24€
TH2(4=280.8
TWZ(E=261,2
TH2CE=2S8,44
TW2(7=317.0



HEATER TEST CATA RUM FTRe3E
C3 (FCLE C/C)= 4T AN=C4=2,.(0
NUM CF EXCHENCERS=E€

PI1Ce
PI1C8 .

(BE-IN)= 241.3 (PSI&!
(B4s83)= 2305

-209-
CATE 3«DEC=-80 TIVME 123C

I=C4=75,T7 N=CS5=1.0¢ I-C5=20.74

BR FLCW RATE (L8S/KR)=10C840,.C

PI108

PI2C4

PI204
PI2C4
PI204
PI204
PI2C4
PI204

HEATER TEST DATA RUMN HTR=3E

€3 (¥CLE C/0)

(B1-0LlT)=221.°¢

(B1-TM)z 60Z.3
(B1/8Z)= 5€8,¢€
(B2/B2)= 592.¢
(B3/84) = 5B648
(B4/BE)z §7¢S,1
(BS/BEV= SES.4
(BE=OLT =55 oG

NUM CF EXCHEINCGEFRS=€

(PSIA)

= o477 NKN=Cl=2.€0

FC FLOW RATE (LBS/KR)= 579€5.,8 :: -

OATE 3-DEC-80

1=C4=75.77

NeCS5=1,0¢

TIME 12<4€

TH101=230.1 TH2(1=123.5 (CEC-F)
TH102=277.2 THEG2= 2h7oh
TN103=294.7 ‘TH2(3=283.

- TH104=304,. € Tﬂiﬁk=29€.h
TH105=318,¢€ TH2(5=2303.2

- TW106=337.7 THE(E=323.€
"TH107=345,2 THZCT7=338,7

e Y Y P Y 2 ¥ Y Ea Rl Y R YR LY EREY ALY LY EYEEYETNLRELDSLELLRERELYL L LR L X XN L L 2 J

I-CS=20.Tk

(BE~It)= 240.E: (PSIA)‘
(B4/8%)= 23042

PIiCSE.
PI108

ER FLCW RATE (LBS/ER)=10C842.8

. KC FLCHW RATE (LBS/ER)= S7267.1

PIigeE

PI2CG4

PI204
PI2C4
PI2C4
PI2C4
PI2C4
PI20&

HEATER TEST CATA RUM +TR=3S

(B1-01lT})=228.(

(B1-It0)= 603.(

(B1/832)=.56¢S.1
(B2/B2)¥= 5923,(
(E3/784)= 56742
(BL/BE) = STC.4
(BS/BE)= SESeS
(BE=-CLT)=550,.3

C3- (MCLE C7CI= o7
NUM OF Excnnneensg

(PSIA).

N-Ch:?-ﬁﬂ

TW101=23040
 TH102=277.4
TN103=29447

TH104=30 4,8
TW105=318.8
TH106=337.7

'TW201=123,.¢
“TRE02=2474€
‘TWZ(3=283.€
"THZCL=2CS¢E.€
THZLS=303.4
TH2(€E=324.0

(CEG~F)

e 22 xR R P ER Y EREE LR LY LR L L X L A L L R L R L L L L L A R A K LA L L2 J

TWL07=345.7 TH2(7=338.8
CATE 3=-DEC~-80- TIVE 17-0C
I=ClL=7577 NeCL5=1.,0C JI-C5=20.74

PI108.
PI108-

1BE~I$)= 2ut. ¢ (PSIA!
(B4/83)= 23041

BRTFLOW RATE: - (LBS/HR)=4GCE€EC,.1

PIicCs

PI204"

PI204
PI20C4
PI204
PI204
PI204
PI2C4

YT Tz r e YRR PR YR Y AR YRR PR RPN R LR R L R L AL L KL L LA LA KB AL K A LA J

{BieIb) =

(B1-CLT)=221.C

E0ZeS
EQEe7
£G2.¢€
587.2

(B1/B2)=
(B2/B2) =
(83/34)=
(B4/BE)= 57¢,3
(BS/BE)= S€E44
(BE=0LT)=550.¢

PSIAY

"TH101=230,2
“TN102:=277,.¢
TN103=295,.10
"THL104=304. 8
TH105=318.5%
TH106=337417
TW107=345.4

" HC FLOW RATE (L3$7ER)=«517;&.E

"TH2C1=123,2 (CEG=F)

- THEC2=247.1
" THZ03=283.9
THZ04=29€E.€
TH2(5=303.7
THZCE=324,44
THEC7=339.2



HEATER TEST DATA RUM KTR=3S

C3 (FOLE C/C)= o&47 N=CU=ZeC0

NUM CF EXCHENCGERS=€

PI108
PI108
PI1CS

PI2G4
PI204
PI204
PI20L
PI204
PI204
PI2CL

{BE-It)= 240, €.
(BL/B3) = 23C.C

(B1-017)=2214C

(B1=IMV= 602.7
(B1/82)= 5C¢C, &
(82/83)= 5Q83.2
(B3/7BL)= S87.7
(B4/BE)= 57¢%.¢8
(BE/8E)= SEG,.E
(BE-CLT)=550,.¢

(PSIA)

(PSIA)

=210~

CATE 3-DEC-80
I=C4=75.77 N=CS=1e02

-TW101=230.4 3

TH102=277.7
TH103=295.2
TH104=305.1
TW105=320.0
TWi0€=338.1
TH107=345,.€

TIME 13-1%

I-C=2C0.74 —~

"BR FLOW RATE (LB8S/FR)=10C€E0.1
FC FLCHW RATEf(LBSIFR)z S773¢.7

THZ(1=122.S (DEC~F)

YHELZ2=24L8B,0
THE03=2E8Let
THELL=2C¢€,.8
TWECE=304e0:
THZ(€E=324L. 2
THZL7=339.4°

HEATER TEST DATA FLM FTR=3S

C3 (FCLE C/7C)= (47 M=Cl=2.00

NUM OF EXC(FENCERS=F

PT108

PIL108
PI1C8

PI204
PI204
PI204&
PI204
PI204
PI204

PI2CY

(E€=IM) = 240,

(BL4/s782)= 23C.(
(B1=CLY)=221,0

(Bi1-IM)= 602, ¢
(B1/B2)= SCE,.7
(B2/33)= 5G2,¢E
{B3/84)= 587.¢C
(BL/EE) = 57C.3
(BE/B€Y= SEC. €
{BE-QLT)=550.°¢

(PSIA)

(PSIA)

DATE 3-DEC-50
JIeCU=z75477 NeC5z1,02

TIME 123-3¢C

I«CC=20.74

BR FLOW RATE (LBS/+R)z10C802,°%
HC FLCWN RATE (LBS/tR)= STLLE.D

TW101=230.2
TH102=277+%
TH103=29%.9
THL04=304s €
TH105=2319, &
TH106=338.1
THW107=345.4

TH2(1:12341 (CEC=F)

TH202=247.7
TWZ2(3=283.9
THEL4=29¢€.¢E
TWZCE=303.7
TRZ(E=324ek
TWEL(7=338.8

HEATER TESY CAYA RUMN KTR=3E

C3 {(MCLE C/70)=

b7

NUM CF EX(HEINCGERS=¢€

PI108
PIL1CS
PI1G8

PI2G4
PI204
PI204
PI2C4
PI204
PI2C4
PI2C4

(B6«It)= 24047
(B4/82)= 230.2
(B1-CLT)=221,1

(B1=IM)= 6CZel
(B1/8C)= 5G8.1
(B2/83)= 5GZ.1
(B3I/B4)= S8E.E
lBL/sBE)= STE.7
(BS/3€)= SE€EC.C

(BE=-CLT)=55(.C

N-Ch:i.ﬁo

(PSIA)

(PSIA)

OATE 3-DEC-%0
I=C4=75e77 N=CS=1.0¢

TIME 13-4%

I«CS=20.74

BR FLCW RATE (LBS/HR)=10C€E€EL.2

#C FLOW RATE (LBS/FR)=z 582i€.7

TH104=229.¢
TN102=277.1
TW103=294.¢
TH104=300Le 4
TH10S=31844&
TH106=337e 4

IN107=345.4

TH2(1=123.8 ([
THZ(22247.3
TH2(3=283 .4
THZL4=2S€43
TH2(E=303.1

"TWELE=IZ3e2

THZ2(7=338.3

EG=F)



HEATER TEST CATA RUMN HTRS3E
C3 (FOLE C7C)= &7 N=C4=Z.C0

NUM CF EXCHENGERS=€

(PSIA! R

=211~

CATE 3=DEC=80
1=C4=T5.77 N=£5z1.02

ER FLON RATE (LBS/kR)=10{€71.C

TIME 14-3C

PIL108 (BE=IM= 2LO.7 ‘

PI4108 (BWL/BI)= 230,23 FC FLCW RATE (LBS/KR)=z 8E1€8.1
PIL1C8 (B1-0LT)=221.¢ : S

PI204 (B1-IM)= E7S.1 (PSTAY TW101=20%.€ TH;CI 134+9 (CEGeF)
PI204 (B1/8Z)= 667.1 - TW102=251.9 THZ02=21S€

PI2CL (BZ2/B3)= €55.°¢ TH103=277,3 THZC3=2%5G. 8
PI204 (BI/BL)= 64S.C TH104=292,0 TWZ04=280.8 "
PI204 (B4/BE)= €32, ¢ THW105=304,0 THZ(5=2293.9
PI2C4 (BS/BE€)= 61C.F TH106=317.¢€ THZL6=30La7
PI204 (BE~CLT)=602.°F INL07=345,4 THZ2(T7=315.3

HEATER TEST CATA RUMN HTR=3E

C3 (FOLE C/C)z 47 N=C4=Z.(0

NUM CF EXCHINCERS=€E

PIL08 (BE-IN)= 241, (' (PSIA) ' ER FLON RATE (LBS/KR)=100599.6
PI1C8 (B4/BI)= 2304t HC FLON PATE (LBS/HR)= BE124,5
PI108 (B1=0LT)=2214¢ e

PI2C4 (B1=IM)= €7S.4 (PSIA) = TH101z205.€ ~ TWZ(1=135.3 (CEC=F)
PI204 (B1/8Z)= 6E74C : TH102225240  TH202:219.8
PI204 (B2/BI)= 655, TH103=277.2  TH2(3=259.€
PI204 (B3/BLY= 644sS  TH104=292¢1  TWZ(4=2€0.9
PI2C4 (BU/BE)=T 63243 TH105=30440  TH205=233.8
PI2C4 (BE/BE)= 61847 TH106=31748  THZGE=3044€
PI204 (BE-0LT)=601,¢ TW107=345.1  TH2(7=316.2
HEATER TEST DATA RUN HTR=3€  CATE 3-DEC=80 TIME 15-0C

C3 (FOLE €/C)= 47

NUM CF EXCHENCERS=E

CATE 3-DEC=80

I=C4=75.77

T NeClzZ.00 I-Cl=75.77 N=CS5=1,0%

N-CS=1.0¢

Y T L I T I T I I T T T I YT T T AR Y TSR B PR Y YRS P Y 2

TIME LL=4E

I’C5=2007‘i

I-CS=20.74

T-C5=20.74

ER FLCW RAYE (LBS/FHF)=10059€.0

PI108 (EE~IM)= 241.C (PSIA)
: HC FLCW RATE (LB8S/+R)= B£853,¢

PI108 (BL/33)= 23040
PI1C8 (Bi1-CLY)=221.¢L

PI204 (Bi«IMN)= 67Ff,2 (PSIAY ~ TH101=205.8 TRZC1=435,3 (CEC=F)
PI264 (B1/BZ)= 667.C S ~YH102=25240 TW2(2=21947
PI204 (B2/BI)= 65E.% - TH103=27744 TWZ(3=259,.8
PI2CL (B3I/BL)= 6Lk TH104=292.1 TWZ(4=28€0.9
PI2C4 (B4/BE)= 63Z.¢ C TH105=304.0 TWZ(5=263,.9

PI20&
pI2t4

(BE/8¢€)= €1C. 4
(BE-CLT )=EQ2.E

CTH10€=317.7

TH107=344L,. 8

TW2C€=30L.7

THNZLT=315.4
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HEATER TEST OATA RUM HTRe3€ . CATE 3<DEC=80 TIME 15-1¢

C3 (MCLE C/7C) = 47 N=CLz24(0 I=C4ZT5.77 N=CS5=1.82 I-CS=i0.7& x“J
&
NUM CF EXCHEINCGEFS=¢

ER FLOW RATE (LEBS/FR)=1(C(S8E,2

PI108 (BE=IR)= 2431.{ (PSIA)
- FC FLOW RATE (LBS/ER)= 84815,2

PI108 (B4/BI)= 230.¢€
PI108 (B1-0LT)=221.¢
PI204 (E1=IM)= 674.2 (PSIA)

TH101=206.4 THZC1=134e2 (CEC~F)

PI204 (B1/3Z)= 66€.1
PI2C4 (B2/83)= €55.¢
PI204 (B3/8L)= 6LU4qE
PI204 (B4/3S)= 633.1
PI204 (BS/EBE)= 62C.C
PI204 (BE-OLT)=6034E5

"-_-..-.-.‘-. LA L A A X L A R X X 2 L X XYY B2 3y Y 3 ¥ T ] -;----.-‘.~---------.-‘---. -

HEATEP TEST DATA RUN HTRe3E
C3 (FOLE C/C)= 47 N=Ci=2.(0
NUM CF EXCHENGEPS=z€

PI108 (BE=~IN)= 241.C (PSIA)

PI108 (B4se3)= 230.°¢
PI1C8 (B1-0LT)=221.¢

PI204 (B1-IM)= €7S5.& (PSIAY
PT204 (B1/BZ)= 667.¢€
PI2Q84 (B2/BI)= €5€.5
PI204 (B3/BL)= 64S.°
PI20& (B4/BE)= 633,17
PI2C4 (BE/8€)= 620.¢
PI204 (BE<CLY)=603.5

TH102=252,4 4

- TH1C3=277.8

TH104=292,2

TH105=30441

THW10€E=317.€
THi07=344,2

CATE 3-DEC=-80

I-Ck=75.77 N-CS:I.OE

TWZ(2=220.2

TH2(3=2€0.2
TH204=281,1

TH2L(E=294,.0
THWZLE=304.8
TH2(7=315,2

TIVE 15-30

I«C5=2C.74

ER FLCW RATE (LBS/FR)=100528%.2
FC FLCW RATE (LBS/tR)= BE31E,7

TW101=206.4&
TW102=25340
TH103=278.0
THi04=232.7

- TH10S=30Lek

TH106=318.0
TH107=344,2

THZ2{1=135,3 (CEC=F)
THZE02=22047

THZCI=2€0.€
TH2C4=281,.6
THWE(S=2S4he4
TRZ(E=305.2
TWZLT7=115,¢€

LA A A A L 2 A X A AR REL L YEL YL R ERY YT ERYT TR Y RE YT LY TR YR P PR Y PP PR PR Pegrpsy Saw =

HEATER TEST DATA RLMN HTRe3JE CATE 3=DEC=80 TIME 1S4t

C3 (FMCLE C/7()= o47 N=Ciz2Z24(C I=CL=75.77 Ne(S=1,C2 I'C5=2Eo7k «

NUM CF EXCHINCERS=E , S .
PIL1C8 (BE=Ih)= 241.C (PSIA)

PI1C8 (B4/PI)= 230.°¢
PI108 (B1=GLT)=221.¢

ER FLCH RATE (LBS/FF)=10(%81.€
FC FLCW PATE (LBS/HR)= 8S285,7

PI2C4 (Bil-It)= €7E.5 (PSIA) THW101=20€. € TWE(1=135.5 (CEC~F)

PI204 (B1/32)= 6€8&47
PI2C4 (B2/82)= 657.1
PI204 (B3I/BL)Y= 6BL4EL4
PI204 (BL/BE)= 6343
PI2C4 (BE/EE€)= €21.C
PI204 (BE=CLY)I=604.0

THW102=253.0
TH103=278.0
TH104=232,8
TH105=30b ek

TW106=318,.0

THL07=3h4 4

TWZ(2=2204.8

TW2C3=2€0.€

TW2C4=28147
TWZ(E=294.S

TH2(E=3C5.0
TWZ2(7=31€.0



»
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Appendix C

Condenser Test Raw Data

Nomenclature

C3 -~ composition

N-C4

I-C4

N~C5
I-C5

oW
HC

P-COND

TW209
TW210

PI305 .

PI1306

TW305
TW306

composition
composition
composition
composition

of propane
of n-butane
of isobutane
of n-pentane
of isopentane

Cooling water

Hydrocarbon

Condenser hydrocarbon pressure

Hydrocarbon
Hydrocarbon

temperature enterihg condenser
temperature exiting condenser

Cooling water pressure entering condenser
Cooling water pressure exiting condenser

Cooling water temperature entering condenser

Cooling water temperature exiting the condenser
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Isobutane
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+.

Condenser Test Data

¢
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CONCENSER CETA FUN CCAD-S50 CATE 21-MAR-81 TIME (9=3€

CBI(FCLE C7C) = o33 MN=Ci=3428 I=0L4=9643G Ne=Cl= C. 1-Ct= Q. &si
CW FLOW RATE (LSS/F)=L57002.0 HC FLCW FATE (LBS/HR)= EEE2S.€

: P=CCAD (FSIZ)=24T44 |
TW209 (CEC-F)=24L3,2 TWZ10=193.2 .
PI3CS (PSIC)= 664C BI13C€= 10.8
TH3CS (CEC-F)=1LE.E TNICE=1€3.8

'CONCENSER CET4 PUN CCMD-50 [CATE 21-MAR-B1 TIME 10-30

€3 (FCLE €/C)= o33 NeCuz2,Z8 I=C4=96439 NeCh= Co  T=CS:= 0,

‘CW FLCh RATE (LBS/FF)I=L3BLEE.L HC FLCh RATE (LES/HR)= BE1€1,.2
P-CCND (FSIL)=242,¢

TW209 (DEG=F)=21L.C TWZ10=1S2.3

PIIGS (FSIC)= 700 F13C€= 10.0

TH30S (CEC=F)=1€3,0 THICE=173.0

CONCEMNSER CZTA RUN CCMND-SC CATE 21-MAR-81 TIM: 12-30

C3 (FMCLE C/()= 43T MN=CL=TeC8 I=C4=9643G N=Cl= L. I=CE= J.
CW FLCh RATE (LBS/FF)=LCE71E,7 HC FLCw RATE (LRS/HF)= §1091,.F
P=CCAD (FSTIE)=2C4 e

TW209 (CEC-F)=213.4& TWE1l=173.%

PI305 (FSIC)= 38,0 F13C€= 10.0

TH30S (CEC-F)=110.0C TWICE=121.0

CCNCENSER CETRA PUM CCAD=-E0 CATE 21-MAR-Bt TIME 13-09

€3 (MCLE C/C¥= o323 N=Ciuz3,¢8 I=-CL4z=96e439 N=Clz (. 1=-CS%= 0. ' .
CH FLO® RATE (L3S/HF)=LSEBIEC.S HC FLCK FATE (LBS/HR)=z £1778,2
P-CCAD (FSI£)=20€.3
TH209 (CEC-F)1=213,.0 THZ1G6=174,0
PI3ZCS (PSIC)= 37.¢% FI3(€= 11.90
- TH3CS (CEC-F)=110.4 TWICE=121.5

cecnccssecanscteemAT et et e nE s SecenceTeee e et ee s et e Easeecanacacesnansa -/
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CONCENSER CEZTA RUN CCAD=5C CATE 21-MAR-81 TIME 13-1¢

C3 (MCLE C/C)= o33  N=C4=3,28 1=C4=96e39. N=C4= C, I-Ct= 0.

e’
CH FLCK RATE (LBS/KF)=69€717.9 HC FLCH RATE (LBS/HR)= 8181€.¢
P-COMD (FSIZ)=205.7 ' |
TH209 (CEG=F)=21242 THZ10=173.9
PIZCS (FSIC)= 37.% PI3CE: 1.0 -
TH305 (CEC-F)=110.0 THICE=131,.2
CONCENSER OLTA RUN- COND-SC  CATE 21-MAR-81 TIME 43-20
C3 (MCLE €/C)= o33 NeCl=3,28 I-Ctz96,3% NeCl=z 0. 1-C5= 0.
CH FLOK RATE (LBS/FF)=4977C2.4 HC FLCW RATE (LBS/HR)= B81S13.6
P=CCMD (PSIZ) =205.4
TH209 (DEG=F)=212.0 TH210=474s0
PI3CS (FSIC)= 3840 PI3CE= 1.0 - -
TH30S (DEG=F)=110.1 TN30E=131eb - -
CONCEMSER DZTA PUN CCMD=50 ~CATE 21=MAR=84 TINE 13«45 - -
C3 (FCLE C/C)= ¢33 N=C4=3,28 I-CLEZ96s3S NeCL= Lo - I=CS= O
CH FLOW RATE (LBS/FEI=LOETL741 HC FLCW: RATE (LBS/HR)= 81251.1
P=CCND (FSI) 22050
THW209 (DEG-F)=211.8 TWZ10=173.9
PI30S (PSIC)= 3740 PI306= 110
TH30S (DEC-F)=110.0 ~  TN3C(€=121,2
CONCENSER CETA RUN-CCND=50 CATE 24=MAR=81  TIME 14=00
. C3 (MCLE C/CY= o33 AeClz2a28 -T=C4=06439 Nell= Co  I=CSz 0.
CH FLCK RATE (LBS/FR)=LIET1847.  HC FLCK FATE (LBS/HR)= 81€22.8
. P=CCMND (PSIZ)=20ke?
TH209 (DEG=F)=21140 TH210=173.7 - .
PI3CS (PSIC)I= 384C PI2(E= 20,5
TH3CS (DEC-F)=110:C THICE=131.4

\L  cecessscescccscacuescscaccencasmsacamsannescnanmaneasanasmeatacansannn
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CONCENSER CETA RUN CCND-5C CATE 21=MAR«81 TIME 1U4-1f

C3 (MCLE C/C)= ¢33 N=C4z3,28 J=CL=9Ee39 N=CG4= Ce 1-CS=z 0o .

(-
CW FLOW RATE (LSS/HR)I=496Z22Z.4 HC FLCW RATE (LES/HR)= 818542,7
P=CCND (PSI2)=204.7
TW2C9 (DEC-F)=210.4 TWZ10=173.6 )
PI305 (FSIC)= 38,.C FIXCE= 10.5
TW305 (CEC=F)=z110.0 TWICE=131.5
CONCENSER CZT2 RUN COND=51 CATE 21-MAR=81 TIME 15-08
C3 (VCLE €/C)= ¢33 NeClz3,28 J=CU=C6,39 NeCl4=z (. JeC5= 0.
CW FLCW RATE (LBS/FtF)=4LBT0LZ S HC FLCR RATE (LBS/HR)= €30tk
P-COKD (PSIf) =169.€ ’ :
TH20C (DEC=F)=173,C TWZ10=156,0
PI3CS (PSIC)= £5,.5 PI2LE= 10.5
TW305 (DEC-F)=108,C TWICE=124.1
CONCENSER CZTA RUN CCAD-S51 [DATE 21-MAR-61 TIMF 15-1€¢
C3 (FCLE C/C)= 32 NeCy=23,28 1=C4=96,39 NeCl= (. I«CS= 0,
CH FLO® RATE (LBS/FF)=484T72€,2 HC FLCW RATE (LBS/HR)= €212C.C
P=COND (FSIf)=471,¢&
TW209 (DEC-F)=17240 TW240=2€7.¢
PI3GS (PSIC)= 57.C PI3CE= 1.0
TW30S5 (DEC-F)=111,0 TWIC€=126,.7
CONCENSER CZTA RUN CCAD=51 CATE 21-MAR-81 TIME 1%-2(
C3 (MCLE C€/C)= 433 N-Ctz=2,28 I-CL=%6.39 N-Clh= G. 1~CS= 0, .
CW FLOW RATE (LBS/FR)I=4L7574Z.1 HC FLCW FATE (LBS/HR)I= €22€0.2
P=CCAD (FSIZ)=172.4 :
TW20S (OEC=F)=171,C THZ10=157,.7
PI3SS (FSIC)I= 59,0 PIXCE= 11.0

TH3LS (DEC-F)=111.F THWILE=127.2

cecccmceccecemeceeceeccesemenescsecccsescmccmcmsaseacneasncesessaseee  N\O
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CONCENSER CFTA RUMN: CCND=51  CATE 21«MAR«81 TIME 1S-45°

€3 (FCLE €/C)= o33 . h=Ctz3.,28. I-C4=96.39 N-C4= C.  I-C5= 0.

CH . FLCK RATE (LBS/FF)=LTSTES 6 HC .FLCW RATE (LBS/HR)z 62890 .9
P=CCAD (FSIZ)=171.5 |

) TH209 (DEC=F)=171,0 .  TNZ10=1%8,5
PI3CS (PSIC)= 6140 PI3CE= 20.5 .

TH3CS (OEG-F)=111.0 ~ TW3L€=127.0 . -

CONCENSER C/TA RUN CCAD-51 -CATE 21-MAR-81 TIPE 16-C0.
C3 (FOLE C/()= 433 KeClz3e28 1=Cl=96439 Ne=Cl= (. I=C5= O,

CH FLON RATE “(LBS/KF)=47€28¢E.2 HC FLCW FATF (LBS/HR)= €232C,C
P=CCAD (FSIL) =17l o3

TH209 (CEC=F)=171.C . TWZ10=1%8.S

PI30S (FSIC)= 600 PI3(E= 10.5 . « -

TW30S (DEG=F)=111.0 TW30E=12745

CONCENSER OfTA:RUN COND=51 (CATE 21=MAR=81 TINE 1€-1§
C3 .(FOLE C/C)= ¢33 N=C4z3o28: I-C4=06439 N-Ck=:C. I=CS= G,
CN FLOK RATE (LBS/FF)=LTT73€40..  HC FLCW RATE (LBS/HR)= EI40L.E

P=CCND (PSTIR) 217344

TW209 (CEC~-F)=171.C TWE10=1%8.2 -
PI305 (PSIC)=z 60.0 FI130€= 10.5. . -
THW30S (DEC-F)=121.4 TH3G€=127.5

e L T R L Y R AL L R Y I PRI E LY P R R R LR S L R P Y L Y L LY

CONCENSER C‘Tﬂ'ﬁUﬁ*COhD-Bly;EAIE 21=MAR«81 TIME 1€-30
€3 (FCLE C/C)= 432, N=Chz3aZ8. I-C4z96.39 NeClz Ce . 1-CEz Do

cw§ﬁ;0u'EATEszBS/tF)=a7677ceG; HC JFLCK “FATE (LBS/HR)= €28€04€
* P-CCMD (FSIF)=173.2 ,

TH209 (DEC=F)=171.1 THZ10=15863 - -

PI3ZES (PSIC)= 6140 PIICES 3240 ¢ "

TH3CS (DEC-F)=111.2 THICE=12740 -

Ny . seeecaceessmsaseemsaactmseanesesnmanesnnnsamananasnsasacancaaseassse
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-CONCENSER CE£TA RUN CCMD~-52 CATE 22-MAR=81 TIME (7-30

C3 (FPCLE C/7C)= o33

CW FLOW RATE (LBS/FF)=375822Z.4

P-CCND (FSIf)=115.7
TW209 (QEC-F)=239,7

PI30S (FSIC)= 28.C
TH3CS (CEC=F)= 7¢.8

hNeClL=3,28 I-cu=96.39 NeC4= C.

I=C&=z Q. (;j
HC FLCK RATE (LBS/HRY= 3€CQ8,.0

TRZ10=124,.7

PI3CGE= 9,5
THICE= C8.6

CONCENSER CETP RUN CCND-S2 CATE 22~MAR=81 TIME (7245

C3 (FCLE C/C)= o33 NeCl=3,28 1I-Cl=96e439 NeCiz= C.
CW FLOK RATE (LBS/HR)=37€821.9

P-CCMD (FSIA)=115.1
TW209 (CEC-F)=24L0,0

PI3LS (FSIC)= 2840
TW305 (CEC-F)= 7Q,¢€

I-C5= 0.
HC FLCK PATE (LBS/HR)= 3€007.8

TNZ210=124e €

PI3CE= 10.0
THICE= <8.5

CONCENSER CATA FUN (OND~S2 CATE 22=MAR=81 TIME C8-00

C3 (MCLE C/C)= ¢33 N=C4=Jel8 I=C4=S6439 Ne=Cl= (.
CH FLCh RATE (LBS/EK)=37€837,€

P=CCND (PSI#)=115,.7

- TH2C9 (DEC-F)=240.,0

PI305 (FSIC)= 2840
TH30S (DEC=F)z 7G5

I-C5= 0.
HC FLCW FATE (LES/HR)I= 3ECS7.4

THE10=124.8

PI3CE= 10.0
THICE= <B8.5

A A L L LR A A ALERA R I I R A2 X R EY P Y YT I T Y R R Y R P Y P Y Y Y F PR P L L XY™™

CONCENSER CETA FUN CCND-S52 CATE 22-MAR=B81 TIME (9-4¢

C3 (FCLE C/C)= 33

CW FLC® RATE (LSS/FF)=37€22%.8

P=-CCAD (FSI2)=115,3
TW209 (CEC-F)=238,.8

PI3CS (FSIC)= 28.¢C
TH3I0S (DEC=F)= 79,€

NeClz2,28 JeCl4=086¢3Q NeCi= (o

1«CS= 0, .
HC FLCK RATE (LES/HP)I= 3871€.3

THE10=124.6

FI3(€E= 10.0
TH3I0E= SB,6

P
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CONCENSEF CETA RUN CCND-5Z '(ATE 22-MAR-81 TIME C8-30

C3 (FCLE C/C)= o33 M=Cl2e28 I=Cl=96e39 N=Clz §o 1-C5= Q..

CW FLOW RATE (LBS/FR)=37€31C.1 HC FLCK ‘RATE (LBS/HR)= 3€S0E.1
P=CCMD (FSIZ)=1164k
TH20C (DECG=F)=238,.1 TW210=425,1 °
PI30S (PSIC)= 2840 P13(E= 1040
TH30S (CEG=F)= 8GC.0 THI0E= 5.0
CONCENSER CETA RUN CCMND=52 CATE 22-MAR-81 TIME C8-45
C3 (FCLE €/C)= ¢33 NoCi=2.28 I-Ctz96439 NeChz 0o  I1-CS= 0.
CW €LOK RATE (LBS/FF)=378287.5  HC FLON RATE (LBS/HR)= 3€4Q1.€
P-CCND (FSIZ)=116.€
TH209 (DEC=F)=23€,E TH210=425. 4
PIZ05 (FSIC)= 2640 PI3CE= 108
TH305 (DEC=F)= 804 TH3I0E= 9.2
CONCENSER CZTA'RUK COMD=52 [CATE 22«MAR<81 TIME (C<00
,'c3~(rotzwcrc)z4;3sri«~caesgzs 1=CL=9E.39 N=C&z= Co  I1=C5= 0.
CH FLCW RATE (LBS/HEE)=376TEC.6 HC FLCK PATE (LBS/HR)= Z£€94E,.5
P-CCMD (FSIZ)=116.€
TH209 (DEC=F)=236.4 TNZ10=125.5
PI3C5 (PSIC)= 2840 PI3CES 106
TH30S (DEG-F)= 80.5 TH3CE= €9.2°
B Tl 2 r Iy rrrr I I I T ryrryryrxryrryryrr 2y RYS Y YR RY N A J LA 2 X 2 X L L N
CONCENSER DETA RUM CCAD=-SZ  'CATE 22«MAR<81 TIMF 12-30°
C3 (FCLE €/CV= ¢33 NeC4=E3,28° 1aCkzC6439 NaCtz Go - ~I=C5z 0,
CW FLOKh RATE (LBS/FF)=374S1¢,5 HC FLCK RATE" (LES/HR)= 7€752,2
: PeCCMND (FSIF) 16040 : |
TH20C (CEC=F)=172.€ TH210=4€1,8-
PI3C5 (FSIC)= 280  PIX(€=.15.0 ~ *°
TH305 (DEC=F)= B6o5  TWICE€=112.5 & °

g (Y XX iy xyexyrr xR Y PR R LR PR R A Y R R R R DR LR YR L R0 L L 2 L 2




-222-
CONCENSER C£TA RUN CCAND=tEZ CATE 22<MAR-81 TIVME 12-4S

C3 (MCLE C/()= 33 MoCl=3e28 I=C4=96439 N<C&4= (. 1=-CS5= 0. S
CW FLOW FATE (LBS/FF)=374¢42,.1 HC FLCW RATE (LBS/HR)= 7€€S0.E

P-CCMD (FSI£)=160.2

TH209 (DEC=F)=172.C TW210=1%1,.7

PI3CS (PSIC)= 28.C PI2CE= 15.0

TW3LS (CEC-F)= BE.€ TWi(E=112,.°

L LK L LN L L XL LN EY L A L X X LY LA XL LT X L 2 ¥ 2 7] .-.-.-..-...---.ﬁ...ﬁ..“-.'-

CONCENSER CE£T2 RUN COND=-52 CATE ZZ-HAR481 TIME 13-09
C3 (FCLE C/()= 433 NeCu=le28 J=Cl=96,39 NeCl= (o  1«Ct= 0,

CW FLCW RATE (LBS/FF)=37&§13.1 HC FLCK RATE (LES/HR)= 7€914,.¢8
P=CCMD (FSTE)=1€0,2

TW2C9 (DEC-F)=17142 TWZ40=1%1.7

PI30S (PSIC)= 28.¢C PI3(€E= 15.0

TW3CES (DEG=F)= RE,.E TH3(€E=112.€

CONCENSEK CfTA RUN CCMD=52 CATE ZZ-MAR-&i TIME 13-%1€
C3 (FCLE C/C)= o33 M=C4=T¢28 I=Cl=C643S N=Clz (o I-C5= C.

CW FLCR RATE (LBS/FF)=374SCC(.3 HC FLCW RATE (LBS/HRYI= 774€7.2
P-CCND (FSIf)=15¢.¢E

TW209 (DEC-F)=170.& THWZ10=1¢51,.7

PI3CS (PSIC)= 28.C PII(€= 15.0

TH305 (DEC-F)= BB.8 TWI(€E=112,.€

CONCENSER C#TA FUN (CMD=SZ CAYEF 22-MAR=81 TIME 13«30 -
C3 (FMCLE C/7C)= o3T A=C4s3¢28 I-CL=%6439 N=Cl= (. I=CE= G

CW FLGCh RATE (LBS/FR)=3753C(,8 HC FLCK FKYE (LBS/HRY= 7€902,7

P=CCAD (PSIZ)=1554¢ E ‘
TW2C89 (CEC-F)=170.C TWelt=1%1.7 . = -

PI30S (PSIC)= 28.C PI13C€= 15.0

TH3GS (DEC=F)= 86.8 THICE=112.6

’. LA L L A R A A X2 XL XN LEL R R XY LR LA RS Il 2RI L LR LRI A ALLLEARERE LR REZS L L LN J v
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CONCENSER CZTA RUN CCND=S2 CAYE 22-MAR=-81 TIME 13-4S

C3 (VCLE C/C)= o33 'NeCy=zlez8 I=Cl=9643G N=Cu= C. " 1=CE= G

CW FLOK RATE (LBS/FR)=37336¢.3 HC FLOW FATE (LBS/HR)= TECT2.,7
P=CCND (FSIA)=160.1

TH209 (CEG=F)=169.C THZ10=151.6

PI3C5 (PSIC)z 2840 PI3CEz 15,0

TH3CS (CEC-F)= B86.S THICE=112.65

CONCENSER CETA RUN CCPD=E3 ° CATE 22-MAR-61 TIME 2185-3¢
C3 (FCLE C/C)= ¢33 NeCl=3o28 I-CL=C6439 N=Ck= Co J=C5= 0.

CW FLOK RATE (LBS/FR)I=374C6L.C HC FLCW FRATE (LBS/HR)I= STELL.E€
P=CCAND (FSI£)=139,4

TW209 (DEC-F)=21%,C TWZig=140.1

PI3CS (PSIC)= 28.C PI3(€E= 15.0

THW30S (CEC-F)= B83,C THICE=10€.5

R YT L e T I I Y T Y T T Y Y I TR I T Y YIS PYI Y R R YR PP Y PR R R Y LN

CONCENSER TZTA RUN CCND=53  CATE 22-MAR=81 TIME 15«45
C3 (FCLE €/C)= o33 NeCke3o28 I=C4=CE4%9 NeCL= (o 1-CS= Qe

CW FLOW RATE (LBS/FF)=374C€C .0 HC FLCW RATE (LBS/HRY= SI€L2,.0
P=CCND (PSIZ)=139,7

TH2C9 (DEG=-F)=214 8 THZ10=140.5

PI30S (PSIC)= 2840 PI20€=-15,0

TH3CE (CEC=FY= 84,3 THIC€=106.9

= YT ETIT T RIST R R IR X LA RE R R IR R AN LY L XN LY LY RS X8 L 0 2 &0 L LREERELSELRLNY LD X

CONCENSER CETA RUM COND=53  CATE ZZ-EARiai"TIME 1€-00:

C3 (FCLE-C/7C)= 3T NeCl=3,428 TIeCU=96¢39 NeC4= G 1«CS= 0s

CW FLCW FRATE (LBS/KR)=3I7IEEE,L1 HC FLCW RATE (LBS/HR)= £3€3€,2
P=CCND (PSIF)=14041 '

TW209 (DEC-F)z21b,€ THZ30=140.5

PI30S (FSIC)= 28.C PI3CE= 15.0. ..

TW30S (CEC=f)= B4,L TW3CE=1G7.0

popepepeaprprpey eyt r Y Y R L T L R DX A R T L ¥ T X L X L E L R R L R R A LR e L L L R R R A e d A
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CONCENSER C#TA RUN CCAD-S53 CATE 22-MAR<81 TIME 1€-41¢

C3 (FCLE C/7()= o33 NeCl=3,28 J=CL=96439 NeCl4= (o, 1-CS= €,

CW FLCW RATE (LBS/HF)=3745€4L.9 HC FLOW RATE (LES/HR)I= S3E84¢.7 -/
P=CCMD (FSI£)=139.7

TH2C9 (CEG-F)=214.C TWE1C=140.5

PI3CS (FSIC)= 2848 PI3Cé= 15.0

TW30S (CEC-F)= B4,2 TH3C€=106.9

CONCENSER CATA PUN CCND=S3 CATE 22-MAK=8Y1 ' TIME 1€-30
C3 (FOLE C/(C)= 433 NeCl=3,28 1I=-Clz=2643% N=C4= C. 1-C5= 0.

CW FLGK RATE (LBS/FHR)I=373%€1.3 HC FLCW RATE (LBS/HRI= 538497
P=-CCNC (PSIf)=1L041

TH209 (CEC-F)=214L,¢t TW210=140.5

PI3CS (PSIC)= 284C = PI3CE€= 15.0

TW3IC0E (DEC-F)= 84,2 TW2(€=106.9

T XY PR Y FRTYR YT R T RRRY PR TR RN P RY XYL LR 2 LR L B L A L & L A L 5 L B L X A R A A B L 2 L L & J

CONCENSER CZT# FUMN CCAD~-S4 CATE 23-MAR-81 TIME (7=-30
C3 (FCLE C/C)= «33 N=Cu=T¢28 I=CL=9%6e3S N=Cl= Co. 1=C5= Co

CW FLCOK RATE (LBS/tR)=zui&z1il.7 HC FLCW RATE (LEBS/HR)= €EE38C.8
P=CCND (FSIf)=184,62

TW209 (DEC-F)=207.5 THZ1(=1€3.9

PI3CS (PSIC)= S58.°F fII0€E= 39,5

TW3CS (CEC-F)=10%.¢ TH3C€=125.9

CONCENSER CETA FUN CCND-S4 CATE 23-MAR-81 TIME (8-00
C3 (MCLE C/C)= ¢33 NeC4l=3e28 I=CUt=9Ee39 NeC4= (o 1-CS5= 0.

CW FLCK RATE (L8S/FR)=441(S1.0 HC FLCW FATE (LBS/KR)= €€€C4,.Z

P-CCAD (FSTZ)=185.0 : .
TW209 (DEC-F)=20€.C TWZ10=1€3. 6 :

PI3CS (FSIC)= 58.% FI2LE= 29.5

TW335 (DEC=FY=105,¢ THWI0€=126.0

e LS L L LR PR P R e L L L L LD A Ll b bbbl bl ‘5}
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CONCENSER CFTA-RUN CCND=S4 - CATE 23-MAR=81 TIME (B8-1€

C3 (FCLE C€/7C)= o433 NeC4=3,28 IaCl4z=96439 NeC4= Ge 1=C5= 0O

CW FLOW KATE (LBS/HF)b4259(.2 HC FLOW RATE (LBS/HR)= €£€17.2
P=CCAD (FSTL)=484,¢ - G e
TW209 (DEC-f)=205.2 THZ1C=1€3.9

PI3GS (FSIC)= 58.C PII0€E= 39.0 -

TH305 (DEC-F)=105,.7 TW30€E=126.0

CONCEMNSER C#TA RUMN.CCND=-54 CATE 23«MAR=~81. TIME (8-30
C3 (MOLE C/C)= o33 N=Cl=z=3Z28. I=C4=964¢39 N-Cl=z €, - T1=C5= 0.

CW FLCW RATE (LBS/FR)IzL4313¢,3 HC FLCH FATE (LBS/HR)= €7127.1
P=CCND (FSI£)=184,32

TH209 (CEC-F)=206,¢ TWZ10=1€3.9 .

PI3ES (PSIC)= 57,0  PIICE= 3840 ..

TW3C5 (DEG-F)=105.2 TWICE=125.5.

CONCENSER DATA RUN COMD=54 . CATE 23-MAR=81 TIME (84S
C3 (FCLE.C/CY= o33 . NoCk=3428 .I=C4=96439 N=Cl= 0o .~ I=C5= 0.,

CW FLOK RATE (LBS/HR)=LLZEQE 44 HC FLCW RATE (LES/HR)= €70¢8.1
P-CCAD (PSI/)=184a7

TH2CS (DEC-F)=205.C TW210=1€4.2

PI3GS (FSIC)= 57.0 FI30€= 3840

TW30S (DEG-F)=10%.%t TW3ICE€E=125.8

L Y R L L AL L L AL I R L LA R L X A NI AL LAl DL ALl ALl Ll R

CONCENSER CZTA RUK CCND=54 - CATE 23=MAR-81 TIME €900
C3 (VCLE C/C)= «32 N=C4=3eE8 I-CL=96e439 N-Clz Lo  I-CS= 0.

CW FLOh RATE. (LBS/FF)=442€S€43  HC FLCK RATE (LBS/HR)= €707S.7
P-CCMD (FSIF)=184432 |
TH209 (CEC=F)=20640 THZ210=1€4e0 .
PIZLS (PSIC)= 564 PIICEz 37.5 -
TH3CS (DEC-F) =105.0 TN2CE=125.5.
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CONCENSER CETA PUMN COND=S4 CAYTE 23=MAR=81 TIME 10-1%¢
C3 (FCLE C/C)= .33 N‘Cﬁzagif I;CQ=95039 N=Clbz= Co 1-C€= Q.

CW FLOh RATE (LBS/HF)=433€57,€ HC FLCW RATE (LBS/HR)= 78121.€
P-CCAD (FSIE£)=206.C

TW2CS (CEC-F)=203,.0 THE10=1T74.1

PI3CE (PSIC)= €3.% PI3CE= L5.0

TW3LS (CEC=-F)=116,.% TN3CE=136.2

CONCENSER CZTA FUN CCND=S55 CATE 23-MAR=-81 TINME 10-3C

€3 (VMCLE C/C)= ¢33 A=Clz3.28 1=04=96¢39 N=Ci= 0o  I1=CS= O,

CW FLOW RATE (LBS/FR)=LIZEEELE HC FLO“ RATE (LES/HR)= 7(C122.1
P-CCAND (PST£)=20€.2 ‘ _

TW209 (DECG-F)=203.1 THELL=174,.2

PI3ZGS (PSIC)= 63,5 PI3CE= 5,1

TH3CS (DEC=-F) =116.¢ THICE=136.5

CONCENSER CEYA RUN CCND-S5¢ CATE 23=MAR=81 TIME 1045
€3 (FCLE C/C)= (33 NeaCl=3,28 I1=C4=96439 NeC4= 0e¢  I-C5= 0.

CW FLOW RATE (LBS/HF)=L3ZEL1E.8 HC FLCW RATE (LBS/HR)I= €C€04.C
P«CCAD (PSI2)=205,¢

TW209 (CECG-F)=203.8 - THE10=174.0

PI3CS (FSIC)= €3.C PIICE= L5.0

TW3I0S (CEC-F)=116,0 TW30€=136.0

CONCENSER C2T# RUKN CCAD=-55 CATE 23=MAR=-81 TIME 1100
C3 (MCLE C/C)= o33 N-C4z3.Z8 I-C4=96.39 N-Ch= (. I=-CS5= 0.

CH FLOW RATE (LBS/HF)=&32€SC ok HC FLCH FATE (LBS/HR)= £€2130,2
P-CCMD (FSIZ)=2C5¢3

TH209 (DEC=F)=20440 THZ210=173.9

PI3CS5 (PSIC)=z €3.C PI3CEz (5.0

TW3CS (DEC=F)=115.7 THICE=135,8

——

o
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CONCENSER CLTE £UN CCND=55 - CATE 23=MAR=A1 TIME 11-1°F¢

- C3 (MCLE C€/C)= o33 NeCl=z3,28 " 1=Cl=96,39 N=Cb= (. 1-C5= Ce

CH FLOK RATE (LBS/PR)=47217¢,8  HC FLCW FATE ‘(LES/HR)= 70400.¢
P-CCND (FST2)=205,2
. TW209 (CEC=F)=204,.€ THZ10=17440
PIXICS (PSIC)= €3.C PI3CE=z (5,0
TW3ICS (DEC=F)=1iE,.E THICE=12540

CONCENSER DZTA RUK CCAD-S€ CATE 23=MAR=81 TIME 12-15

C3 (FCLE €/C)z o33 * NeCuz3428 I-Ch=96o3§"N‘Cu= Co 1-CS= %,

CW FLOW RATE (LBS/FF)=z5130€¢,L ~ HC FLCW FATE (LES/HR)= €1€S@,2
P=CCMD (FSI£)=z204.¢ A

TH2C9 (DEC=F)=2C1.4& THZ210=172.6

PI30S (PSICY= 39,0 PI20€= 22.5

TW3CS (CECG=F)= 96.R THICE=112.0

» - - s i > ot R e oG S ar s e R 5 e v e e . -

CONCENSER CEZYA RUN (CAD=-SE€ CATF 23=MAR-81 TIML 12-30

C3 (FCLE C/C)= ¢33 NeClU=2,28 I=CL=9E439 NeCL= (o l«Ch= 0o
CW FLOW RATE (LAS/+F)=5(C8(CE.2 HC FLCW RATE (LES/HF)= CE1EF 8,4
P«CCMD (FSIZ)=202,.¢

TW209 (CEC-F)=198,8 TWE10=172.3

PI3CS (PSIC)= L3.C PII(E= 26.0

TH3I0S (CEC=F)= Q7,€ TW3C€=112.6

CONCEMSER CZTA PUN CCAD-S6 CAYE 23<MAR81 TIME 12«4€

; C3 (MCLE C€/C)= o33 MNeCia=2.28 I=ClLz=96435 N-Cbz Ce 1-Ct= 0,
CW FLCh FATE (LBS/HF)=S0EL27,0  HC FLCW FATE (LBS/HR)=z €Z4DU,C
P=CCMD (FSIf)=203.14 |
TH209 (CEC=F)=197,4 TKZ16=172.8
PI3CS (PSIC) = 46, PIICET 2840
TW3CS (DEC-F)= 98.4 TH2CE=113.1

./
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CONCENSER CATA FUN CCND’EE CATE 23=MAR=81 tI"E 13=00

€3 (FCLE C/C)= o33 N=CiuxTec8 I~CL=96439 N=Cl= (. I=CE= Q.

CW FLO® RATE (LBS/HF)=504LI87,9 - HC FLCK FATE (LES/HR)= €2422.¢
P=CCND (PSI/)=203.8

TH2C9 (CEC-F)=196.% THE1C=173,.2

PI30E (PSIC)= LELE PI130€= 20,0

TW3ICS (DEC~-F)= 99,0 TH3ICE=113.5

CONCENSER CETA RUN COND=S€ CATE 23=MAR=81 TIME 13-1¢%
C3 (MCLE €/C)= (33 NK=C4=3,28 I-C4=96,39 N«C4= Os  I=C5= 0.
CH FLOW RATE (LBS/#F)=5C3E€CsL HC FLCW FATE (LES/HR)= €2433.¢

P=CCMD (FSI£)=20ke2
TW209 (CEC-F)=19E.¢ THWE10=173.3
PI3CS (FSIC)= 47.C FICE= 0.5

TW305 (DEC-F)= 99,2 TWICE=114.8

L X T X YR L YR By i ¥y e YLl ¥R 2 LA ¥ X L L ¥ T LR T L L X L K T 2 L X A L T 2 4 A B K 2 R A A X L L B J
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" NOMINAL 90/10 CONDENSER TEST DATA
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CONCENSER CE&TL RUN CCND-S7 CATE 24-MAR-81 TIME 0S-00
C3 (FMCLE C/()= 30 M=ClzZa€7 I=CL=87422 N-Cl= 45 T=CS= C,0¢ o~

CW FLCK RATE (LBS/FF)IzLOOOEL o4 HC FLCK RATE (LBS/HR)= €C¢£71.0
P-CCMD (PSTE)=20F.2

 TH2069 (DEC=F)=212,3 TWZ210=180.3
PI3CE (FSIC)= €6.( PIICE= 6.0
TW3ICS (CEC-F)=116,.3 THICE=141.1
CONCENSER C£TA RUN CCAD-57 ODATE 24-MAR=-81 TYIME (G-1%
C3 (PCLE C/C)= «30 N=ClzCeS7 1I=CL=87,22 NeClz 445 I«CS5= G,0¢
CH FLOW RATE (LBS/HF)=338E<C.6 HC FLCW FRATE (LESIPQ!: €cs8c,.2
P=COAND (PSIL)=205.4
TW2CCS (CECG-F)=212.7 TWZ210=1€0.6
PI3SS (FSIC)= €6.F FI3(€= &6.0
TW305 (DEC-F)=119,.,2 THICE=1L1,1
CONCENSER CATA RUN CCMD=57 CATE ZQ-Mhé;Ei TIME (9-20
C3 (FMCLE C/(C)= o430 N=Ciuz2eS7 I=CL=BTe22 N=Cl4= 4T T=C5= C,.(€
CW FLCHh RATE (LBS/FF)=33911¢&,2 HC FLCW FATE (LBS/HRY= 7(C072.7
P=CCAD (PSI#)=205.¢
TW2C9 (DEC-F)=211.% Tec1l=180.6
PI305 (PSIC)= 66,C PI2CE= 6.0
TW30E (DEC-F)=119,1 TWICE=141.C
CONCENSER CETA FUN CCAD=57 CATE 24=MAR=81 TIME (9-4E
C3 (MCLE C/C)= o3( N-Cl=¢eS7 1I=-CL=zETe22 N=Cl=z L5 1TI-CE= C,(E .
CW FLCH RETE (LBS/FF)=39G1€3.5 HC FLCW RATE (LBS/HRY= 7(0€77.¢
P=CCMD (FPSI£)=205.7 .
TW209 (CEC-F)=210.0 TWz10=180.6
PI3CE (PSIC)= €5.€ PIICE= (5.5
TH3GE (DEC-F)=118.7 TW3CE=1L0.€

B T T L I T I T I I I I I I I I I T ™ I ooy n \sj
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CONCENSER CETA RUMN CCND=-57 OATE 24=MAR-81 TIME 1000
C3 (FCLE C/C)= «3C A=CUTZeS7 I-C4TET422 N-Ch= L5 T«CEe ©,Q€

&/
CW FLOW FRATE (LBS/FR)1=33217Z.8 HC FLCR RATE (LEBS/HR)= 713€7.4
P=CCAND (FSTIZ)=2C5.€ _
TW2C9 (DEC-F)=20¢.( THZ10=180,6
PI30S (FSIC)= €5,.0 FI20€E= 5,5

TWX8E (DEC-F)=118.5 TH3ICE=140.6

CONCENSE& TATA.FUN CCND-S7 CATE 24=MAR-81 TIHE 10-1F
C3 (FCLE C/C)= 430 N=Cl=zZeS7 I~Cl4=87e22 N=Cl= 45 1I=C5= 9,0€

CH FLOH*?&TE (LBS/+R)=338€77.6 HC FLC% RATE (LBS/HR)= 6¢832.1
P-CCMD (FSI£)=205.3

TH209 (CECG=F)=213,C THZ10=180.3

PI3E5 (PSIC) = €540 PI1ILE= 5.5

TW3CS (DEC-F)=118.F TW2ICE=140.5

CONDENSER C#éTA RUN COKB-58~ CATE 24=-MAR-81 TIME 11-15
C3 (PCLE C/C)z= o330 MNeClzZe€7 I=Cl=87,22 NeClz GUE I=C5z Q,0€

CW FLOW RATE (LBS/FR)=412(5¢.7  HC FLOK RATE (LBS/HR)= TZ28€4.S
P=CCMND (FSI£)=180.2

TW2089 (DEC-F)=199.% TNZ1C=1€8.1

PI3CS (FSIC)= St.( FI3C€E= 33.5

TH305 (DEC=F)=102¢7  THI0€=125.5
'CONCENSER DETA RUN CCMD=5¢ CATE 24=MAR=81 TINE 11-30
C3 (FCLE C€/C)= o30 N=CA=2eS7 T-CL=87422 N=C4= o455 1=C5= G.0€

cw}ﬁLouaﬁATEw(Lsszvs;=a1207z.e, HC FLOK FATE (LES/HR)= 7258842
¢ P-CCAD (PSI£)=180,2

TW209 (CEC=F)=200.2 THE1C=1€844

PI3Z0S (FSIC)= 534S F130€=x 23,0

TW305 (CEG=F)=102.% TW3LE=125.5

u L L A L L L LI L AR L L LA R AR LR AL L L LAl LAl Al DL P A A b A A b Al A A B X A L4 B J
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CONCENSER CATYA RUN CCND=-58 CATE 24=MAR-81 TIME 11-45

C3 (FCLE C/7C)= 30

CW FLCHW RATE (LBS/FFRI=41211%,7

P=CCAD (PSTI£)=183,.¢
TW209 (CEC=F)=200.%

PI3%5 (FSIC)= S3.C
TW305 (DEC-F)=1(2.,C

ReCh=CeST I=Cl=B8B7,22 NeClhz (45 TeCS= G,0€ ;T

HC FLCK RATE (LBS/HRYI= 725¢C.4

TW2iC=1€8.1

PIICE= 2.5
TW3IGE=125.1

e T X A X B L X A L AN A 2L X XALEREE YA IR ERY L 22T EY 2RI EY T EERET Y TTYY XL YR X R TFYYY]

CCNCENSER CATA RUM CCAD-S8 CATE 24«MAR-831 TIME 12-00

C3 (FOLE C/C)= .30

CW FLCK RATE (LBS/¢K)=0L13101.2

P-CCND (FSIE)=18L4.4
TW209 (DECG-F)=2C0.%

PI3CS (PSIC)= 53.C
TH3CS (DEC-F)=1C02.1

NeClz=€e€T I=Cl=z=87,22 NeClz= 45 I=CS5= Q.C€

HC FLOW FATE (LBS/HR)= 72837.8

Th210=1€8.2

PI26€= 22.5
TWIl€=125.1

(A X2 A 2 L E Y L LY RY ALY RELEEERNERE YR LYY LY YRR YL EEREEY L EY YL LR KL B LR LEL L L R J

CONCENSER CLTE FUN CCAD-58 CATE 24-MAR=-81 TIME 12-4°%

C3 (FMCLE C/7C)= .30

CW FLOW RATE (L3S/FF)=L141C2,.E

P=CCP0 (PSI2)=184.C
TW209 (DEC-F)=200.E€

PI305 (PSIC)= 52.°%
TW305 (DEC-F)=102,C

heClz2eS7 J=Cl=87,22 NaCl=

4S5 T«C5:= G,0€
HC FLCW RATE (LBS/HR)= 72571.C

TW210=1€8.2

F130€= 2.0
TWI0€E=124.9

LA L B & B X X X L B E X 3 2 F 2 & R K R K X X L R L X K N £ X X 2 X L L X £ X R AN ¥ L L X EXE KR 2 X XELE XX ¥ & 8 1§ 2 2 % 3

CONCENSER D2TE FUN (CAD-S58 CATE 24=YAR-81 TYIME 12-230

C3 (MCLE C/7C)= 3L

CW FLOK RATE (LRS/FF)=414(CL,2

P=CCND (PEIL)=1BL .4
THW2(69 (DEC-F)=200.€

PI30S (PSIC)= S2.C
TW30S5 (CEG-F)=102.3

NeCl=2eS7 I=Clu=87,22 NeC4= L6  T=CE= C,(€ <

HC FLCW RATE (LBS/HF)= 72813.1

TheiC=z=1€8.1

P130€= 22.0
TW3C€=125.8

!
--c-’t-----.-‘ L e L ¥ R ¥ L R E X ¥ B L X E N L X 3 L X L X £ 2 £ B L B X L I X 2 K L N L XX I XA I XYYFEREENENEYTE N J b
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CONCENSER CZT2 FUN COND=S59 CATE 24=-MAR-81 TIME 13-30

C3 (FOLE C/C)= o3( KeCUzZiC7 TC4=To22 Nellz= o45 T=CS= 9.0€

CN FLON RATE (LES/PF);BZZ?&?.& HC FLCH FATE (LBS/HR)= €1718.C
P=CCAD (FSTI£)=161,€

TW209 (DEC=F)=208+% TH210=1%4s2

PI3CS (FSIC)= L2.F PI3CE= 22.0

T30S (CEC=F)= 93,7 THICE=115,0

B PR e e AR SN ETeeed ST EE e e S Pl r R ce e G e Eme =
CONCENSER CATA‘RUN COND=5¢ - CATE 24=MAR=81 TIME 1345

C3 AFCLE'C€/C)= o380 A=C4=Z.S7: I=CLz87,22 NeC4= 445 - T=CS= O, C€

CH FLCh FATE(LBS/FFIS42173C41  HC FLCH FATE (LES/HRY= 61€70.C

P=CCND (FSIZ) 16147 |
TH2C9 (DECG-F)=207.€ THZ21C=1%6.2
PI30S (PSIC)= 43,0 P130€= €240

Tusos (DEC=F)= 940 TWICE=115.1

RN TR - G es e 3o - e e s . B - - -
LA L X A 2 .2 2 2 &2 F F R .10 A B E L P E R AL RERE R XL B XX F 2 X X8 2 T 20 T2 2 X L K21 X L X L X L X L R RE NN L K X L & 2

CONCENSER DfTA FUN'CEND-55 " CATE 24=MAR-81 TIME 14=00
€3 (FELE- C/C)= o 30 N-Cl=Zi €7 ‘{-Cl=€7i22 KeCh= oS I-C5= Ga0€

CH FLOK FATE (LBS/FR)=42318%.2 HC. FLCK RATE (LBS/HR)= €1E22.7
P-CCAD (FSTZ)=162.4 ‘

TH209 (DEC=F)=207¢C  TW210=1%4e6 "

PI3ZCS (PSIC)= 43.0 BIX0€x 2240

TH3ICS (CEC=-F)= QL5 THIC€E=115.5

”.-b‘-.-“.‘-.-.--.C..%.-...-“ﬁh..-‘ﬁbhﬁhhﬂi--..-....-..-b-.-..-....ﬂﬂ.

CONCENSER CETA PUN CCND-59  DATE 24=MAR-81 TIKE 14-1€
C3" AFCLE €/C)= w30  KeaChzZeS?  J=CL=87422 NaClz 445 I=C5z 9406

CW FLOW RATE  (LBS/ER)=L2361L,2 HC FLCK RATE (1BS/HR)= 621Ekel
P«COND (FSIL)=162,€ | '

TW2C09 (DEC=-F)=20€43 TW210=155.0

PI3CE (FSIC)= L2.C PIICE= 21.5

TH3I0S (DEC=F)= 95,3 TN!GE?iiGJO

. .. N . L PR - - e . PO R . .
L 2 X F ¥ X3 R R BT L XN L N & EELETLLEZXIYXYL LR L X L X X B R B X X L K I L X L R A X L L L X & K & B & X K 4 K2 J
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CONCENSER CZTE RUN CCAD=SS CATE 24=MAR=-81 TIME 14-30

C3 (FCLE C€/C)= 430

CW FLOK RATE (LBS/HF)=L23€3¢€.9

P=CCKND (FSTIf)=162.€
THW209 (DEC=F)=206,2

PI3ES (PSICY= L2.C
TW3CS (CEC-F)= 95,¢C

NeClzZeST7 T-ClLz€7,22 N=Cl= o45 I=CS= G.0€ .

HC FLCK RATE (LBS/HR)= €2138.8 -
TH210=154.9

PI3(€= 1.0
TW3(E=116.0

L A A XX 2 LT R XALRILLI Y ELEREY ALY YL T R Y RN XY YNYLELEZ XYY L A A A LA L X A L L &

CONCENSER CETA RUN CCND-S9 CATE 24L-MAR-81 TIME 14=4S

€3 {FCLE C7C)= o3¢

CH FLOK RATE (LBS/FR)=L2417 746

P=CCMD (PSIZ)=161,.€
TW209 (DEC-F)=205.¢€

PI3CES (FSIC)= 42.C
TW30S (CECG=F)= Q4,¢

NeCl=z=24€7 I=C4=z=87,22 NeCl= o4Y¥ TeCE:z.G,0€

HC FLCW FATE (LES/HR)= E€1885.7

TWZ21C0=1C4. 8

913C6= 21. 0
TW3CE=115.5

LA L A K B X R ¥ 2 L L A X R L X X R ANETTRIY X R XLLEEZX XXX X L XN KL XK ERIL A L 2 L3 02 L R XX L & K L 2 L L 2 J

CONCENSEF C£TA RUN CCND~€EC CATE 25-MAR=81 TIME (7-00

C3 (MCLE C/7(C)= 3¢

CWH. FLOW RATE (LBS/FF)=37GL07.¢

P-CCAD (PSTZ) 2LC3.€
TH209 (DEC-F)=221 .8

PI3C5 (PSIC)= 31.%
TH30S (CEC-F)=z 78,%

N=CLk=ZeST I=CU=8T7422 N=Clh= LS5 1I=CSc 9,(E€

HC FLCK FATE (LES/HR)= 3E€13C.0

THWZ10=125.3

Fl3Ce€= 15.0
THWILE= S645

CONCENSER CEZTA RUN C(CAD-€0 CATE 25-MAR-81 TIME C7-1if¢

C3 (FCLE C/7C)= 3C

CW FLOW FATE (LBS/FR)=3704L0T.9

P=CCND (FSTI)=10€.€
TW209 (CEC~F)=221,1

PI3ZCS (PSIC)= T1.°%
TW3ICS (CEC-F)= 78,5

AeC&h=24C€7 TI=Cl=87,22 NeCl= o4 T=CS5= G,CE€

HC FLCR FATE (LBS/HR)= ¥8407.7

TH210=125.2

PI13(€E= 15.80
TWICE= <6.4

—
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CONCENSER 02TA RUN CCND=€C . CATE 25«MAR=81 TIME (7-4S
C3 (FCLE C/C)= o¢3C N=Clz24€T I=CUL=zET7422 N=Cu= <45 T=C5z G,CE

-/ CH-FLOK RATE (LBS/FF)=370L07,8 HC FLCK RATE (LES/HF)= 3E4OE.C
P=CCND (PSTZ) 1094
TH209 (CEG=F)=220.S THZ1C=125.4

) PI30S (FSIC)= 31.¢ FI2CE= 15,0

TH3IC0S (CEC=F)= 78,5 TH3ICE€= S6.5 .
CONCENSER CETA PUN CCND~€E0:. CATE 25-MAR-84 TINME (8-0C
C3 (FCLE C/()= o«3C 'KF=Cl=Z.S3 I=CL=07422 N=Cl= .45 I=C5= S,C€

CW FLCK ﬁATE (LBS/FR)=3703¢¢,2 HC FLCK FATE (LBS/HR)= 3JEEIEL4
P-CCND (FSTf)=111.C

TH209 (DEC~F)=220.0 THZ10=12642

PI30S (PSICI= 32.¢C PIZ(E= 35.0

TH3ICES (CEC-F)= 79.4 TH3ICE= ST 4

CONCENSER CETA RUN CCAD=-6€C 'CATE 25-MAR-81 TIME (8-1€.
C3 (FCLE C/C)= o3C MeClzZe€3 .TaClz87.22 NeClz o4S J=CSz 9,06

" CH . FLOK RATE (LBS/HR)=369€C4 .5 HC FLCK RATE (LBS/MR)= 3862E,.¢
P=CCND (FSIZ)=111.% '
THW209 (DEC=F)=221.1 THE10=12647
PI30S (FSIC)= 3Z.C PI2CEx 15.0
TW3IG5 (DEC=F)= 7€,.% TH30€E= S7.5

CONCENSER CZTA RUN CCMND=€1 CATE 25eMAR-B1 . TIME (%30
C3 (FCLE C/CY= o3C: NeCLk=Z4%3 I-CQ=E7.22,'N“Cﬁ=- oS 1CS= C,0€

CH FLOK RATE (LBS/FF)=17019C,1 HC FLCK RATE (LES/FR)z LUEQ3I,E
;  P=CCND (FSIF)=138B.9 |

TH2CQ (DEG-F)=20ie4  THEZ1Q=14ke3. -

PI30S (FSIC)= 71.C PIICE= €645 -

TW30S (DEG=F)= £D.8 THICE=120.2

\/




- =236~

CONCFNSER CETA FUN CCND=-61 " CATE 25«MAR=-81 TIME (S=4S

€3 (FCLE C/C)= .30

CH FLO% RATE (LEBS/HFR)=18412¢.1

P-CCMD (FSI£)=137.1
TW209 (DEG=F)=2054¢

PI3CS (FSIC)= €EQ.C
TH30S (CEC-F)= E2.0

MeClzse€3 J=ClUzB7,22 NaClz (45 J=CS: ¢,0€

HC FLCW RATE (LBS/HR)= 4L102,.C -
TH210=143.5

PI13l€E= €3,.0
TW2CE=118.0

" L P ¥ 3 L 2 X L & B L 2 B X T 3 2 F E & B & K XX L K L EZ 2 02 £ 2 10 X3 X ¥ X RN LB T XX X T ¥ 0 X 22 L 2 L8 XX ¥ 23 2 2 L N J

CONCENSER CEZTA FUM CCAD=€1 CATE 25-MAR-81 TIME 10-0G

C3 (FMCLE C/C)= o3C

CW FLCK RATE (LBS/KF)=1930(CCE,¢E

P=CCAD (PSI£) 243440

"~ TW289 (CEC-F)=205.4

PI305 (PSIC)= 68,5
TH305 (DEG-F)= 82.C

DoCLzZ4C3 I=C4=287,22 N=CL= oLE I«CC= C,0€

HC FLCK RATE (LES/HFY= 45431,3

THE1E(=1L3.1

PIICE= €0,0
THNI(E=117 o4

CONCENSER CZTA RUN C(CAD-€1 CATE 25-MAR-81 TIME 1C~-1€

C3 (FCLE C/CY= .30

CW FLOW RATE (LBS/FF)=1971CcC.7

P-CChC (FPSIZ2)=135,3
TW209 (DEC-F)=2DE.8

PI305 (PSIC)= €845
TW305 (DEC=F)= 82.0

NeCl=2.€3 I=CL=87,22 NeClL= (LS 1-CE= 9,(C€E

HC FLCK RATE (LBS/HRY= L3EE€Q0,Y

Twei10=142.8

PI3CE= €0.0
TWICE=116.6

LA B R K B L 2 A X X W F L T 2 X X R X XX L A X L ¥ R 2 2 A 2 B X X & L % % 2 E N L K L K X N & L X E L & L K 2 K K 2 R R R R X L L XN J

CONCEMNSER CETA FUM (CAD=€E31 CATE 25«MAR=-81 TIMc 10e45

€3 (PCLE C/C)= o3¢

CW FLCh FATE (LRS/FF)=2020%¢&.S

P=CCAD (PSIE)=13C.1
TH209 (QEC-F)I=237.C

PI305 (PSIC)= €6,C
TWI0S (CEC-F)= 83.C

N=Ck=2.S3 I=-CL=87422 N=Cl4= L& I=CS= ¢,(E€

HC FLCW FATE (LBS/HFI= 43821,0

TH21C0=142.1

PI3CE= 29,0
TW2i€E=116.0

—
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CONCENSER C#T2 FUN CCND-61. - BATE 25-MAR-81 TIME 11-00"

€3 (FCLE C/CV= 30 NeCl=zCTe®3 I=Cl=B7422 N<Cl= 45 ‘J=C5=z C,0€

- CW FLCh RATE (LBS/HFR)=20655Z41 HC FLCK RATE (LES/MR)= 43814.7
P-CCMD (FSTZ)=134¢3
TH209 (DECG=F)=20€.€ TH210=14149
PI3CS (FSIC)= 65.5 PI3CE= £9.0

TH30S (DECG-F)= 82,° TWIGE=116,0

CONCENSER CEYA PUN. (CAD=€Z . CATE 25«MAR=81 TIME 1130
c3 (FOLE CIC)??.SI; NeClL=z2¢€3 J=C4=E7422 N=Chz 4 T1=-CS= C.0E

CW FLOW RATE (LBS/HF1=39G1€¢,3 HC FLCW RATE (LEBS/HF)= €Z€4042
P=CCAD (FSIZ)=201,.7

TH209 (DEG-F)=21tak . TWZ1(=17645

PI3CS (PSIC)= 67+C  PIZCE= L7.5

TH30S (DEC-F)=118.¢ THILE=2129.0

CONCENSER C2ZTA RUN CCND=€Z - CATE 25=MAR=81 . TIME 11~4%

€3 (PCLE C/C)= w30 NeChzie€3 1-C4z87.22 K-Clz <45 1-C5= 9.C€

CH FLOK RATE (LBS/KF)=T39€ZC o€ HC FLCK RATE (LBS/HR)=z €3e€14.&
P-COND (FSIZ)=201.% '

TH209 (0E€=F)=211 44 THZ10=17648

PI3CE (PSIC)= 67.C  PI3CE= 741 -

TH3C5 (CEC-F)=119.0  TW3CE=139.5 -
eesmscmcessmerasmesecncssmsasanasmeesasscsecsss o snasnansanancsasannn

CONCENSER CZTA FUN CCMD-6Z  CATE 25-HAR=A1 TIME 12-00

C3 (FCLE C/C)= 230, N-CUsZe€3 IeCuz87422 NeChz oLS TeCEz QL€

CN FLCK RATE (LBS/HF)=4J0€1C.3 HC FLCK RATE (LES/HR)= €403€.e
. P=-CCND (PSI£)=20242 o |

TW2€9 (DEC-F)=21144 THZ10=1T7.0 -

PI30E (PSIC)= €646  PIIGE= 4741

TH305 (CEG-F)=119.0 TH2C€=129.3

N  -e=meememeeemseeeemeesecocccscoocicccceccsccessscesesessscsascecscess
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CONCENSER CZTA RUN CCMD=€2 CAYE 25<MAR-81  TIME 12-1%

€3 (FCLE C/7C)z 30 NeChkz24$3 IoClsl7,22 N=Clz 445 T=CS5z 9,0€

CW FLON RATE (LBS/FR)=399€€€,.9 HC FLCW PATE (LBS/HR)= 635LS,7

P-CCAD (PSIZ)=20G1.€

TW209 (CEC=F)=z214.L THZ10=176. 6
PI3LS (FSIC)= 6E.S PI3CE= L7, 0
TW305 (CEC=F)=118,.¢ TH3CE=138,8

CCNCENSER BEZTA RUN CCAD=€E2 CATE 25«MAR=81 TIME 1230
C3 (MCLE C/C)= o3C A=CU=Z,€3 I=C4=87,22 N=ClUz= +4LS 1=CE= S,0€

CH FLOW RATE (LBS/FF)=40011%.2 HC FLCK RATE (LES/HFYI= G4C3€E &
P=CCAD. (FSIZ) 220240

TH20S (CEC-F)=21048 THEZ10=177.3

PI305 (PSIC)= 6EoC FI30€E= 4740

TW305 (DEG=F)=119.0 TWICE€E=139.0 "

CONCENSER CATA FUN CCND=€X CATE 25=-MAR=81 TIME 13e4S
C3 (MCLE C/C)=z +3C M=C8=z2.€3 T=C4=87,22 N=Clz= <45 1I=C5= ¢,(0€

CW FLO® RATE (LBS/HF)=433.93,¢ HC FLCK RATE (LBS/HR)= €4831,€
P-CCMD (FSIf)=202.1

TW209 (CEC=F)=207,8 THZ10=177.6

PI3ZEE (PSIC)= LE,Q PI3CE= £7.8

TW3C5 (DEC=~F)= 99,0 THW3C€E=116.0

CONCﬁNSER CETA RUN CCMD~-EX CAYE 25-MAR-R1 TIME 1330
C3 (MCLE C/7()= o300 MNeClzCa€3 TeClU=z87,22 NeClz oJLE T=CS= Q,(F€

CW FLON RATE (LBS/HF)=483%€1.6 HC FLCK RATE (LES/HR)= €451G.1
P<CCAD (PSI£)=20244 |

THW20C (CEG=F)=207,2 TH210=177,8

PI30S (FSIC)= 45.( PI3CE= 27.5

TW305 (DEC-F)= 99,3  TK3I(E=116.0

LR L L A A L B L L L L AN R LB L EELRERLEEXLELELERELLEYTEY LY XL Y E Y L T K ¥ XY E PR E PFEY YRR P PRy pe ey
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CONCENSER CEZTEA RUN CCND=€3 CATE 25=MAR=81 TIME 13-45

C3 (FCLE C€/C)= «3( N=Cl=ZeS3 I-CL=87.22 N-Cl= 45 T1-CS= 2.(€

CW FLOW RATE (LBS/FR)=483¢S3.9 HC FLCK RATE (LBS/HR)= E4340.€
P=-CCND (FSI)=20144 |

TH209 (DEC=F)=20644 TH210=177.8

PIZCS (PSIC)= LS.C PI3CE= 2745

TH3CS (DEG-F)= 99,0 TW3(€=115.5

CONCEANSER CATE# RUN CCND-63 ODATE 25-MAR-81 TIME 14-00
€3 (VCLE C/C)= 430 N=Cl=zZe€3 1=C4=87422 N«ClUz 45 1I=C5= 9,0€

CW FLOW FATE (LBS/FF)=4L8448C.3 HC FLOW RATE (LBS/HR)= 647S3.5
P=CCAD (FSIL)=201.F

TW209 (CEC=F)=205,8 THZ10=177.0

PI305S (PSIC)= L6  PI3CE= 275

TW305 (DEC=F)= 99,1 THI0€E=115.2

CONCENSER C2TA RUN CCMAD=€3 CATE 25<MAR=81 TIME 14-1f
C3 (FCLE C€/7C)= 30 KN=C4=2,¢3 I-Cl=87.,22 N=Clz 45 1I-CS= C,.C€

CW FLCh RATE (LBS/ER)=4B4E3E.0 - HC FLCW FATE (LBS/HR)= €L037.S
P-CCAD (FSIZ)=201.0

TW209 (CEG~F)=2064% THZ10=477.2

PI305 (FSIC)= L5.C PLICE= 27.5

TH30S (CEC=F)= 98,% - THICE=115.1
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 NOMINAL 80/20 HEATER DATA
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CONCENSER CE£TA RUN CCND~€64 DATE 27=-MAR-81 TIME 10-00

€3 (FCLE C/C)= 42€ NaCkzZ4%S IeCl=T4e90 N=Cl=z 1405 T=C5:=21424

CW FLCh RATE (LBS/FF)=39918¢.C HC FLCK FATE (LBS/#RY= TC334.€
P«CCMD (FSTA) =203

TH2C2 (DEC-F)=22G.€ THZ310=1€3.2

PI305 (FSIC)= 51.C F13G€= 9.0

TW3G05 (DEC-F)=10240 THWICE=129. 4

CCNCENSER C#TA RUN CCND-€4 CATE 27-MAR-81 TIME 10-30

C3 (FCLE C/()= 426 AN=ClzCe®S I=ClL=T4e90 N=-Cl= 31.(5 1I-CS=z21.24

CW FLOW RATE (LBS/FF)=3922€1.7 HC FLCW RATE (LBS/HR)= 7LLL3.E
P=CCAD (FST/)=203.9

TW209 (CEC-F)=217,.0 THe10=184.9

PI3CES (PSIC)= 59.C FI3CE= 8.0

TH3C5 (DEC=-F)=113,0 THI0€=138.0

CONCENSER DETA PUN CCAND=-€4 CATE 27=MAR=81 TIME 10-4S

C3 (FMCLE C/C)= ¢2€ MN=ClU=24%5 I=ClL=T4490 N=Clz 105 1I-CE-C1.2&

CH FLOW RATE (LBS/FF)=301€4c.4 HC FLCH RATE (LES/HF)= 74CS7.¢
P=CCND (FSIf)=205.¢

TW2C9 (CEC-F)=217,3 TWZ1C0=1€6.8

PI305 (PSIC)= 60,0 PI30€= 39,0

TH3CE (DEC-F)=114,3 THICE=139.2

CONCENSER CATE RUMN CCND-€E4 CATE 27-MAR-81 TIME 11-08
C3 (PCLE C/CI= 42€ N=ClL=24%5 I=C4=T4490 NeC4= 1405 7I=CS=21.24

CH FLCKk RATE (LBS/FF)=332¢%€,8 HC FLCW RATE (LEBS/MR)= 77€77.€
P=CCND (FSI£)=20€ L

TH209 (DEG=F)=213.1 TW210=187.8

PI3CS5 (PSIC)= €G,C PI0E= 39.0

TH30S (CEC-f)=11442 TW3G€=139.2

L L L X X L 2 B X A N R 1L L0 X L XXX XL X LA LRI XL XL XX 2 XL AY X REEEXLRERXYAELE XY NN X 44 N J
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CONDENSER BZYA RUN COND-EL DATE 27-MAR=81 TIME 11-25 - .

C3 (FCLE C/C)z o2€  NeCu=ZetE I=Cl=TLe90 N=Clz 1,05 1I-CE=z21.24.

-/ CN FLCW RATE (LBS/HF)=3322€1.7  HC FLCK RATE (LES/HR)= 80298.7
P=CCND (PSIZ)=20%.3 ‘
TH2C9 (DEC-F)=232.€ THE10=1€T.1.

k PI305 (FSIC)= 5940 PII0E= 26840
TH30S (DEC~F)=113.0 THI0E=138.1

Iy I YT RPN RS R LR L R R R L L L L L L AL A L b b b bl bl b odd bl dad ol b okl
. we e O e . It Ve« f A . B Wi f

CONCENSER DfTA FUN CCPD=-E4 ~ CATE 27=MAR-81 TIME 12-00
C3. (FCLE C/C)= ¢2€ NoClzZefS J=ClzT74e90 NeChz 1465 T=C5:21.24

CH FLOh RATE (LBS/HF)=3917€£.8 HC FLOW RATE (LBS/HR)= 8248S.7
P=CCMD (FSIZ)=20549 |

TN209 (CEC-F)=202.4 TH210=187.3

PI3CS (FSIC)= 5940 PI3CE= 28,0 -

TW305 (DEG=F)=z113.0 TW20€=138.5

R ypgeay sy e T Y R R R R Y T Y TR LY LR S R P L AR L LA Al Rk d L K L X E K X E R 3 R 4 L XJ

CONCENSER C#YA RUh"CGﬁO#GSf:DAYE'ZT-HAR981~.TIﬁEV12-h5;
€3 - (FOLE C/C)= gZE.;N?Ch:EiES I=Cl4=7T4e9C N=Cl= 1.(5 1I-C5=21.2¢4

CN FLO RATE‘(LSSI%F):&OZ?E&ak HC FLOW FATE (LBS/HR)= 72692.0
P-CCMD (FSIZ)=179.7

TW209 (CECG=F)=212.€ TNZ10=473.3

PI3CS (FSIC)= LESS PI3CE= Z4eS -

TW3CS (DECG=F)= 98,€ TN3CE=424e 0

CONCENSER CETA FUN-COND-65 CATE 27-MAR-81 TIME 13-06
©3 (PCLE-C/C)z 426 KoChzZe€E I-Clz74e 98 NeCl= 1405 I=C5=21.24

CH- FLON RATE (LBS/HF)=404LES.8 HC FLOW RATE (LES/MF)= 7Z3c3.€
. P=CCND (PSI£)=17¢,.0 '

TH2CS (DEG-F)=212.8 TN210=1724 -

PI3GS (PSIC)= 4LS,.C PI3C€z 23.2

THW3GE (DEC-F)= GB,.( THICE=123.5

u X ‘.-....-.-..--.-‘..“‘....-‘.‘-. [ 2 YT R L L LD EL L LR Ll L bl bl Sadabdd b
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CONCEKSER CATA RUN CCAD-€% '~ CATE 27-MAR=81 TIME 13-1€

C3 (FCLE C/C)= «2€ N=C4=Cet5 I=Clz74s90 N=Cl= 1.(5 1=C5=21,2¢

CH FLOW RATE (LBS/FF)=LOULCCL.6 "HC FLCH FATE (LBS/HR)= 72385,.0 >/
P=CCND (PSI£)=178.2 |

TH2CS (CEC-F)=214.( THEZ10=172. 6

PI305 (FSIC)= 45.C PI3CE= 2245

TW305 (DEC=F)= G7.8 TW3CE=123.1

CONCENSER CETZ RUN CCND-€5 TCATE 27-MAR<=81 TIME 1345

C3 (FOLE C/CY= ¢2€ NeClzZef5 1eChzT4e30 NeCid= 1405 J=CSzZ1.24
CW FLOW RATE (LBS/FFR)=4025CZ.3 HC FLOW FRATE (LBS/HR)= £¢132.7
P<CCAD (FSIZ)=169.8

TH209 (CEC=F)=214.C TWZ10=172.3

PI30S (FSIC)= LS.C PIICE= 22.5

TW30S (DEG=f)= 96.& THIGE=12242

CONCENSER CETA RUN CCAD=€S CATE 27«MAR=81 TIME 1400

C3 (MCLE C€/C)= 26 N=Ckz2.5E T-C4zT4e90 N=Chz= 1465 I-CS=21.24
CH FLCK RATE (LES/FR)=LO3IETZ,.8 HC FLCW. RATE (LBS/HP)= 722109
P~CCAD (FSI£)=170.2 '

TH2CS (DECG=F)=213.4 TH210=172.2

PI3CS (FSIC)= LELC PI3CE: 240

TH305 (CEC=F)= 97.C TW3CE=122.5

CONCENSER CETA FUN CCMD-€5 CATE 27-MAR-81 TIME 14e=i€

C3 (MCLE C€/C)=z o426 NoCkzZe5 I=Cl=74e90 NeClz 1465 I=CEzZ1ie24
CW FLOW RETE (LBS/FR)=L02527.4 HC FLCK RATE (LES/HR)= 72Z0E.4
P=CCND (PSTE)=170.4 .
TW2C9 (DEC-F)=212.& THZ10=173.0 ,
PI30S (PSIC)= 4E.C PI3CE= 2400

TW30S (CEGC=F) =z 97.S THICE=122.8

IZI LR R Y P LR R PR T YT Y T Y TP PR P Y P R T R g i A puppapapaeapapepp v
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CONCENSER CZTA RUN COMND=-6E . CATE 27QHAR-§1 fTIME;1$-0D

C3 (FCLE C€/C)= o2t - M=Cl=CZetS '1'CQ=7Q099f-N‘CQ=_1'EF . J=CE=Z142¢4

-/ CW.FLOK RATE (LBS/FF)=2€E3€€.2  HC FLCW RATE (LES/HR)= 6€160.3
P-CCND (PSIA)=160 44
TH2CS (DEC-F)=210.4 THZ10=1€7.2
PI30S (PSIC)= 5540 PI2CEs 4540

TW30S (DEC-F)=z= 8L T THW3LE=121.5
CONCENSER CETA RUN CCAND=-6€& CATE 27-MAR~-81 TIME 1%-1€
C3 (FOLE C/C)= o2€ ~ NaClzZef8 IoCl=Tis90 N=Clz 1,05 I«CEz21,24

‘CW- FLOW RATE (LBS/FR)=2658€7.8 ‘HC FLCW RATE (LBS/HR)= €CEQS.2
P=CCND (FSIZ)=z1€0.¢

TW289 (DEC-F)=211.2 THZ1C=1€Te b

PI30S (PSIC)= 55,5 PI30E= 45.0

TH3ICS (CEC-F)= 84.C TWICE=121.+6

caepew P Y P P P X FI YRR YT YRR ESLEIIT R ERR YL Y L RS R L LY PR YRR YXERRRE RY N Y LN

CONCENSER CZTA RUN COND~6E. . CAYE 27~MAR~81 - TIME 16-30

C3..(FCLE (/)= e2€  KNeCl=2.%% I1=CL=7%e90 : N=Cl= 1.(5 I-CS=21.24&

‘CHN FLOW-RATE (LBS/FFI=Z2EEIEZ43 HC FLCK RATE (LBS/HR)Y= €CS4li44
P=CCAD (PSI£)=1€0.1

TH209 (DEC=-F)=210.,8 TWZ10=1€7.3

PI3CE (PSIC)= 55.5 PI3CE= 5.0

TW3CS (DEC-F)= BL.1 THILE€=121.5

R Y Y T I T R R I T T T YL P Y PR PR PP PR Y R P LD PR Y Y L L

CONCENSER CZYTA RUK CCND=66 CATE 27-MAR=81 TIME 15-LS
£3 (FCLE C/C)= 42€ KNeCkziefE I=Cl=T4eQ0 N=Ch=z 1,05 I=CS=z21.24

1CW?EL0N:RATE;‘LBSIFF):ZGSG&i.E ‘HC .FLCW RATE (LES/HP)= €£S422.1
. P<CCND (PSI4)=160.°F

TH209 (DEC-F)=210.0 THE1C=4€T b -

PI30S (PSIC)= 5640 - PI3CE= &S5,.5

TW30S (DEC-F)= 83,8 THite=121.9

e Y T R T RTINS YR L RTRR R Y S YA R XYY R YI R Y AL R AN LR R ALE LSS RERRE XYL XN
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CONCENSER CETE RUN CCND-€EE CATE 27-MAR-81 TIME 16«00

C3 (FMCLE C/C)= ¢2€ N=Cl=24€S I=Cl=T4e90 N<C4= 1.[5 T1=C5=21.24%

‘CW FLOK FATE (LBS/FR)=2616S¢.0 HC FLCN RATE (LBS/HR)= 6S150,8 -~
P=CCAD (FSIZ2)=160.8
TW2C9 (DEC-F)=210.2 TWZ10=1€7.5
PI305 (FSIC)= 56,C - PI3C€= 46,0
TW30S (DEC-F)=z 83.% THICE=122.0
B-4-tF-1 T4 -F XX EX AP E LI EEI AL EE IY RN § I GC‘GQ'.‘QI'IIGI‘ LS TeosotAtidGeEETRLITSCaETERECEEIRG S N
CONCENSER CETA FUN CCND=€€ [CATE 27=MAR=81 TIME 1€~1%
C3 (FOLE €7C)= ¢2€ N-CU=24€E I-Ch=T4e30 N=CU= 1,05 T<CS=21424
CH FLCh RATE (LBS/FF)=257CCT7 HC FLCHW RATE (LEBS/HFYI= €S4C5.C
P=CCAND (FST£)=161,0
TW209 (DEC=F)=210.+2 TNZ10=1€7.7
PI3CS (PSIC)= 55.5 fI3C6= 47.0
TH3I0S (CEG=F)= 83,5 THICE=122. 4
CONCENSER CETZ RUMN CCAD=66 UCATE 27=MAR=-81 TIVME 1€-30
C3 (MCLE C€/C)= «2€ NeCkz2.55 I=Cl=7%.90 N=Clh=z 31.(5 I-CE=21.2L
CW FLOW RATE (LRS/FF)=25842(,.3 HC FLCKW FATE (LBS/HP)= E€L22,.3
P-CCND (FSIZ)=1EC.8
TW26S (CEC=F)=200,.0 TWZ10=1€7.3
PI3C5 (PSIC)= E7.0 PIICE= 7.0
TW305 (DEC=F)= 83,2 TH3CE=122,1
CONCENSER CETA FUN CCND-67 CATE 28-MAR«81 TIME (7«00
C3 (FCLE C/C) = 426 NeC&zZet5 T=ClL=TLoa90 NeCl= 145 I=CE221,2¢ \
CW FLCHh RATE (LBS/FF)=24213¢,S HC FLCK RATE (LBS/HP)= ECB8S4.S
P-CCND (FSI2)=160.% , \
TW209 (DEC-F)=192.0 THZ10=155.6
PI305 (PSIC)= 61,0 PI2CE= S1,0

TR3LE (DEC-F)= 7844 THICE=115.0

MY Iy ey R P R YR R R E Y R R LY A A R R R L AL A L E R LA LA A Al R LA v
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CCNCENSER CATA FUK CCND~-€7 - CATE 28-MAR-S1 TIME (7-1E

C3 (FCLE C/()= «2€ N=Ck=zZ24EE I=Cl=T4e3C NeCl=z= 1.(5 T=CS5221.24

CH FLOR RATE (LBS/FR)=241€42.2 HC FLCWR FATE (LES/HR)= €1C8E.€
P=CCAD (PSI£)=140.9

TW2CS (CEC-F)=191.€ THEL10=155,9

PI3CS (FSIC)= 61,0 PI130€= %440

TH3ICS (DEC-F)= 78.3 TH3CE=114.9

CONCENSER CFTA RUN CCMD=-€7 CATE 28-MAR-S1 TIME (7-30
C3 (FPCLE C/7()= 42€ N=Cl=24E5 I=ClU=TH4490 NeCl= 1405 1I-C5=21.24

CHW FLO¥ RATE (LBS/KFR)=241€S(.3 HC FLCW EATE (LBS/HR)= 61358.%
P«CCMD (FEI£)=140,¢

TW2C0¢S (CEC=-F)=191.% THE10=155.9

PI3Z0S (PSIC)= €1l.C F130€= 51,0

TH30S (CEC=F)= 781 - THW3ICE=114.9

O A X Y 2 o T R Y R R L L L LR ERLA LA RELLEILEXI LY LR XL LR L LR LELREZREL L LA LA AERLZE L LXK J

CONCENSER CATA RUM CCAD-€7 CATE 28=-MAR=81 TIME (7-4S
C3 (FCLE C/CY= o2€ NeClU=Z.%% - I-Cl=TLe00 NeCh= 1,065 JeC5=21,24

CW FLCW RATE (LBS/FR)=24213%.4 HC FLCK FATE (LBS/HR)= G1€06.7
P=CCAD (PSIZ)=141.2

TH20Q (CEG=F)=19140 TH210=1564 0

PI3CE (PSICI= 6440 PI3CE= T4.0 -

TW3ICS (CEC=F)= 78.5 THI(E=115.0

.

CONCENSER DETA RUN COND=67 ~DATE 28=MAR-81 TIME C8-0C
C3- (PCLE-C/C)= +2€ NeoCLzZeSE I=C4=74e90 NeCl= 105 T-C5=21.2¢

CW.FLOW RATE (LBS/FF)z24S€2Ca1- HC FLCW RATE (LBS/HR)= 61852.%
P=CCND (FSTZ)=101.3

TW209 (CEC-F)=191.( TWZz3C=1¢t5.9

PI3CS (PSIC)z 61.0 PI30€x 0.5

TH30S (DEC<F) =z 768.¢ THIC€=115.1

e X 1 2 3 -‘.---.......---‘........‘...‘....-..-..-.-........'.‘..‘.......-.




CONCENSER CETA RUN

C3 (FCLE C/7C¥= +2€ N~-C4=c.tS

CW FLO® RATE (LBS/FF)=250122.4

P=CCAD (FSIZ) =14Ca7
TW2G9 (DEC-F)=191,0

PI305 (FSIC)= E1.C
TW30S (DEC=F)= 78,%

CONCENSER CETA RUN COMD-68

C3 (MCLE C/7()= L2€

CW FLOK RATE (LBS/FF)=L34LE37.6

P=CCAD (FSI£)= €648
TW209 (CECG=F)=190.C

PI3QS (PSIC)= Ghaol
TW3CS (DEC=F)= 7S,.0

CCNO=-67 .

-248-
CATE 28-MAR-81 TIME (08-15
1-C4=74490 NeC4= 14(5 I=C5=21.2t

HC FLCW FATE (LEBS/HRY= 61S€4,.9

TWZ10=155.8

PI13GE= £0.0
THICE=114e6

CATE 28-MAR~B1 TIME (C=4S

MeCl=24%E NeCl= 1405 TeCE=Z1,24&

JeC4=74,90
HC FLCW RATE (LES/HRY= 338446

TWZ1(=113.0

PIICE= 17.5
TH30€E=x 8847

LA K L A & L KL A X X A K B L L 2 R L XA X2 A X2 RLEREL L2 XL LR EL XL FL XYL XA L X PR L2 8 X 8 2 L X 1

CONCENSER C2TZ RUA CCAD=E8

C3 (MCLE C/7()= .2€

CW FLCk RATE

P-CCAD (FSIf)= 88,1
TW209 (CEC-F)=20€,2

PI3ICS (PSIC)s= Ghaol
TW3CS5 (PEC=F)= 75,2

(LBS/FF)=L34E0E,0

CATE 28«MAR~81 TIME 10«45
N=Clk=cstE I=CL=T4.90 N=C&= 1.(5 J=C5=21.24
HC FLCW RATE (LBS/HR)I= 23€EC,©

TWZ10=115.1

PI3CE= 17.5
TW3CE= 89,5

CONCENSER CETA RUN CCAC-68

C3 (MCLE C/7(C)= L2€

CH FLCh RATE (LBS/FR)=L3419(.0

P=CCAD (FSI£)= 91,1
TW209 (DEC~-F)=226.1

PI3CS (PSIC)= 44,0
TW30S (CEC-F)= 75,8

2 222 P X7 EYEELRE R L FXLENSESYLEER LYY XN N X LERESELL NI REEEREYZ R XL N )

CATE 28=-MAR=-R1 TIMF 11-1°F

NeCi=2e¢fE I=C4=T74e¢90 N=Cuz= 1405 TI=CS=21.2¢L

HC FLGK FATE (LBS/HR)= 33017.C

The10=112.0

PI3CE= 17,0
THI(E= CS0.5

—
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CONCENSER CEZTA RUN CCND-€E8 . CATE 28-MAR~81 TIME 11=45

C3 (FCLE C/C)= ¢2€ N=Cl=Z+%E I=ClU=T4,90  N=Ch= 1,(5 I=C5:21.2¢

CW FLOK RATE (LBS/KR)=4L3LLEC, HC FLCHW RATE (LBS/HR)I= 32GCE 6
P=CCND (PSTE)= S91.% :

TW2C€3 (DEC-F)=22€.€ THEL1C0=113.3

PI30S (FSIC)= 43.C PI3CE= 17.0

TH3ICS (DEG=F)= 7643 TN3C€= S1.0

e L L AL L L L L LA AR B DAL LA AR L bR A 2 2 A E 2 AT A A YR L ERAELY LR L AR X R 22 2 2 X

CONGENSER CETA.RUN COND=€€ CATE 28=MAR=81 TIME 12+C0
C3 (FCLE C/C)= ¢2€ NeCl=ZetE IoCl=74e90 NeCl= 1,05 1=CS5=21424&

CHN FLOW RATE - (LBS/ZER)=L34LLT 6 HC FLCW RATE (LBS/MRY= 32710.7
P=CCAD (PSIL)= 91,€

TN209 (CEC=F)=22€.7 TWE1C=113. 4

PI30S (PSIC) = Gb oG PI3CE= 17.0

TH30S (DECG=F)= TE+S C THW3CE= S1.0

CONCENSER C2TA . RUN CCAND-68 - CATE 28-MAR-81 TIME 12-1%
C3 (FCLE C/C)= «2€  N=CU=zZetS: I=CL=TLe90 N-Clh=z 1405 JI-CS=21.2&

CW FLOK FATE (LBS/EF)=633CEL 3 HC FLCH RATE (LBS/MR)= 32€€7.¢
P=CCMD (PSIZ) = S1.4

TH209 (DEC=F)=22643 THZ10=113.2 0

PISCS (PSICI= Lbof PI3CE= 17.5 -

THW3G5 (DEC=F)= 76,4 TNICE= S140 -+

CONCENSER CATA -RUN CCAD=68 ° CATE 28-MAR-81 TIME 12-30
€3 (FCLE C/C)= ¢2€ N=C&=2455. I=CL=T4e90 N=Clz 1405 I=C5=21424

CH “FLOK RATE - (LBS/FRI=43444T € - HC FLCW FATE (LBS/HR)= 32S88.2
P=CCND (FSTE)= 91,8 :

TH2C9 (DEC=-F)=226:¢ THZ1(=113.0

PI305 (PSIC)= kol PL20 €= 1745

TH3CE (DEC=F)z 7€ THICE= €140

- 'YX YIYrFxro xR XYY N R YRR RRY N R LA Y R LRI XL LR AR L LA A XL A R LA XL ELLE ]
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CONCENSER CATA RUN CCMND=€9 - CATE 28=MAR-81 TIME 14-00

C3 (FCLE C/C)= 42€ MeCU=Z4%5 I=Cl=Tue90 N=Clz 1.(5 T=C5=21.2¢

CN FLOK RATE (LBS/FF1=633€2¢€47 HC FLCK RATE (LES/HE)= 472€9,32
P=CCND (FSIZ)=13C.8

TW209 (DEC=F)=265,1 THZ16=131.9

PIZES (FSIC)= 4&ol PI3CES 17.0

TH30S (DEC=F)= 81.F TH20€=1024 5

< LI A4 A A L AL I X P A2l I I IR R ETR RRTRY R R Y YR YR LR L TR PR TTRY YT LYY PPy T

CONCENSER CZTA FUN C(CAD~€S [CATE 28-MAR=B1 TIME 14eit

C3 (FCLE C/7C)= «2€ N=CkzZe%tS I=CL=TULe80 NeC4= 1.(5 1I=CE=21.2¢

CW FLOW RATE (LBS/FR)=42212¢,7 HC FLOW FATE (LEBS/HR)= L734LE.E
P=CCAD (FSIZ)=130.¢

TH20S (DEC-F)=24lb,t TWZ210=131.€

PI3ICE (PSIC)= L4, PIICE= 7.0

TH3ICS (DEC-F)= 81, TW3IC€=102.5

CONCENSER CATA PUMN CCANP-€S CATE 28=MAR=81 TIVZ 14-30

C3 (NMCLE C/C) = ¢2€ N=Ck=24%5 I=CL=T4Le%0 N=C4= 1,05 I-C8=21.2¢

CW FLOk RATE (LBS/HF)=L335CZ,8 HC FLCKW RATE (LEBS/HPYI= LTLESC,.C
P-CCAD (FSIf)=131,2

TH209 (CEC~F)=2L4, 4 - TNZ210=131,.9

PI3CES (PSIC)= L&LC FI2(€= 7.0

TW3IC5 (DEC~F)= 82.C TW30€=102.7

LD L L LY T R Y Ry Ry R p R R R e e R e R A L X
CONCENSER CETE FUMN CCAND=-€S CATE 28-MAR=81 TIME 14«40
C3 (FCLE C/() = 42€ A=C4=24%5 T=CL=Tie30 N=Cl= 1.(5 I=CE=Z1,.,2¢

CW FLOM RATE (LBS/HF)=433€8%,.¢ HC FLOW KRATE (LBS/HRI= 4759€.1
P=-CCND (FST£)=131.3

TH2C9 (DEC~-F)=2L4 € THZ1(=122.0"

PI3GS (PSIC)= L.l PI3CGE= 17.0

TH3CS (CECG-F)= R2.1 TWICE=103.0

a
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CONCENSER CATA RUN COMD-69 CATE 28eMAR<81 TIME 14«45

C3 (FCLE C/C)2 ¢2€ N=CUz2.55 I-ClL=T4.90 N=Cl4=z 1,05 I=-CS5=21.2&

CW: FLOW RATE: (LBS/FR)=433CLC.1

P-CCAD (FSI£)=130.¢
TW209 (DEC=-F)=213,.C

PIZOS (PSIC)= 4b.oC
TH305 (CEC=F)= 82,2

HC FLCHW RATE (LBS/HR)= SLUL3E,5

THE10=138. 4

PI3C€E= 17.5
TW3I0€E=10344

CONCENSER CZTA RUN CCND=7C CATE 29-MAR~81 TIME (8-30

C3 (FCLE C/7C)= o2€ N=C4=24%% I=C4=TLa90 NeC4= 1,05 T-CE=Z1.24

CH FLOW RATE (LBS/FF)=38131¢,2

P=CCND (PSIZ)=207.¢€
TW209 (DEG-F)=221.€

PI30S (FSIC)= €740
TH3CS (DEC-F)=107.9

HC FLCX FATE (LBS/HR)= 8€392,¢%

TNZ10=190.8

9130 €= QS.,O
THICE=127.5.

CONCENSER OZTA RUN CCND=-7C CATE 29-MAR=81 TIME C(8-45

€3 (MCLE C/7C)= +2€

CH FLOW RATE (LBS/HF)=3817%L.9"

P«CCAD (FSIZ)=20€.7
TH209 (CEC=-F)=210.4

PI3LS (FSIC)= 60.C
TH30S (DEC=F)=106.0

NeCl=24£55 JaClU=T4esS0 NeCi= 1,05 1I=-C5=21.,24%

HC FLCW RATE (LBS/HR)= 94322.¢

TW218=1%0.2

TW3IC€E=1274+0

CONCENSER CET2 RUN CCAD-7C CATE 29-MAR-B1 " TIME (9-1°¢

C3 (FOLE C/C)= «2€ ' N=ClL=Z+ES I-CQ=7§oQG“ NeCl= 1,0 I=CE=21.24

CW FLCh RATE (LBS/FF)=3897841,.0

P=CCAD (FSI£)=207.%
TW209 (DEC~-F)=23G.0

PI3CS (PSIC):= S1.0
TW30S (OEC-F)=101.9

HC FLOW RATE (LBS/HR)z 8SS00.E

TH210=191.1

PIICE= 29.0
TWSCE=143,.2

Tz yzzryxI TR XTI R RS PR R R RN R AL R T YR N YR L K KR L LA R 2 L LR X E L L &AL L LA J
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CONCENSER CETA FUN COMAD=7C CATE 29=MAR=81 TIME (9-3(0

C3 (MCLE C/C)= 42€ N=Cl=2,%% 1I-Cl=7%.90 N-Cl=z 1,05 I-C5=z21.2¢4

CW FLCK RATE (LBS/¢F)=3C€07CL.E HC FLCW RATE (LBS/HR)= 8SE7¢.1
P=CCAD (FSIZ)=206.%

TW209 (DEC-F)=23%,C TWZ10=190.9

PI3CE (PSIC)= B1.C PI3CE= 2B. 0

TH3LS (DEC-F)=101,2 TWICE=14345

CONCENSER C£T2 FUMN CCND=-7( Q(QATE 29-MAR=81 TIMZ (9-4S

€3 (FCLE C/C)= «2€ N=CU=ZeEE I=Cl=T4e90 N=Ci= 140% I=CS=ci.2¢4

CWH FLO® RETE (LBS/HF)=3¢0c8¢.2 HC FLCW FATE (LES/HR)= ELI7C.1.
P=CCAD (PSTI£)=20542

TW2(3 (CEC-F)=249.% TWZ10=1S0. 4

PI3CS (PESIC)= S1.C PI3CE= 28,% -

THW3GS (DEC-F) =101, THICE=143.5

CONCENSER CATA PUN COND-7C CATE 29-MAR=-81 TIME 20-1iC
C3 (FMCLE C7C)= 428 NeCk=ge%5 J=CL=74sS0 NeC&4= 1,05 T=C5=21,24

CW FLOK RATE (LBS/HF)=330(7€.5 HC FLCW RATE (LEBS/HR)= 7844244
P=CCND (FST#)=205.7

TW209 (CEC-F)=26L.€ TWZ10=1¢<0.1

PI3CS (PSIC)= 54.C PIICE= 2.0

TW305 (DEC-F)=1C4.0 TWICE=132.5

T PIT Y EIT YT EYT R R P T Y EE Y FLE YL rE XYY LY T L L X R B X L A E R L KX 3 B K 4l A d B X A b B A 2 A b A d 4

CONCENSEF CATA RUN CCAD=7C DATE 29<-MAR-B81 TIME 10-20

C3 (NMCLE C/C)= o2€ N=C&=z2+f5 I1=04=T74,90 N-Clz 1.0F I-CE5=21.24

CW FLCh RATE (LPS/WF)=337¢CE.8 HC FLCW FATE (LBS/HRYI= T773E80.2
P=CCND (FSI£)=203.€

TW209 (CEC=~F)=240.€ TWZ210=1€9.3

PI3CS (FSIC)= S9.8 PIICE= 7.0

TW3ICS5 (DEC-FY=108.€ TW3ICE=1235.0

.
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CONCENSER CATA RUN COND=-7C CATE 29«MAR=81  TIME 10-30

C3 (FCLE C/()= «2€ NeCL=Z¢t5 1=Cl=T4¢90 NeC4= 1,05  I=CSzZ1,24

-/ CW FLOK FATE (LBS/FR)=3BEE7C.8 HC FLOW RATE (LES/HR)= T82€2.€
P=CCMND (FSIZ)=204e? -

| TH209 (DEG=F)=2Lk o€ THZ10=1289.6
PIZ0S (PSIC)= SG.0 PIXCE= 370

TW3CS5 (DEC=F)=10Q.0 TH3IC€=135.5

CONCENSER CZYA RUN CCND~70 .CATE 29~MAR=81 ' TIME 10-40
C3 (MOLE C/()= 426 - N=Clz24€5 I=Cl=T4o30 N=Cl= 1.{5 I-C5=21.24

CH: FLOW RATE (LBS/FR)=38711%e1 = HC FLCN RATE (LES/HR)= T4T4E.T
PCCND (FSIZ) <2064

TH209 (DEC=F)=27140 THZ10=189.,7 -

PI30E (PSIC)= 60.C PIZCE= 8.0

TN3CS (DEG=F)=109€ TWICE=136.0 -

CONCENSER CEVA RUN CCAD=-7C  CATE 29-MAR-81 TIME 10-50

C3 (PCLE C/C)= ¢26 " h=Cl=Zet8 T=C4=74e¢90 N-Cl= 1405 I=C5=21,2¢

CH FLOW RATE: (LBS/FR)=386E1E.8 HC FLOK RATE (LES/HR)= 747841
P=CCND (PSIf)=204 o4

TH209 (DEE-F)=252 .4 TWZ10=189.7

PIS0S (PSIC)= 600 PII0E= o0 -

THW3CE (DEG=F)=109.€ TH3CE=136.0' =

CONCENSER CZTA RUN CCAD-71 CATE 29-MAR-81 TIME 11-1%F
C3 (FCLE C€/C)= +2€ KN=C4=2,%5 TI=CU4=T4y90 N=Ch= 1,05 I-C5=21.24

CH FLOKX RATE (LBS/+R)=4BESZ7.2 HC FLOW RATE (LES/HR)= 7€47¢€.4
! P-COMD (FSIZ)=218,8 |

TH209 (DEG=F)=205.0 TH210=195. 6

PI3CS (FSIC)= 3342 PI3CE= 13.65

TW30S (DEC=F)= Q4,2 THI0E=114.1

e T
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COCNCENSER C#TEA RUN CChD-71 CATE 29-MAR-81 TIME 11-30.

C3 (dCLE C/7Q)= ,2€

CW FLOW RATE (LBS/KE)=LBTLC1.C

P«CCAND (FSI£)=218,¢8
THW209 (CEC-F)=2L3.2

PI3CS (FSIC)= 33.0
TW30S (DEC=F)= S&4,4

RaClk=CotE JTeClU=T4e90 N=ClU= 1,05 T=CE=21,2¢

HC FLCW RATE (LEBS/HRY= 7¢S42€.4

TWE10=1¢S5.7

PI12{E= 13.5

TH3ICE=114e8

CONCENSEFR CZTA RUN C(CMD-71 CATE 29-MAR=81 TIMZ 11-45

C3 (MCLE C/7C)= .26

CH FLOK RATE (LBS/HF)=4LSELUE.L

P-CCAD (FSIf)=219.8
TW209 (DEG=F)=243.0

PI3ES (PSICY= 3340
TW305 (DECG=-F)= 94,4

NeCl=CetE I=Cl=T4e90 N=Cl=z= 1.(5 1I-CS=zZl.2L

HC FLCR RATE (LBS/HR)=z Y€C3€.C

TWZ10=1¢€6.2

FI3CE= 13.7
THICE=115.0

CONCENSER CE£TA FUN CCAD-71 CATE 29-MAR-81 TIME 32-C0

€3 (FCLE Crs()= 2€

CW FLCh RATE (LBS/FHF)=L858CE.9

P-CCAD (PS3I£)=220.2
TH2GS (DEC-F)=2L3.C

PI30S (PSIC)= 33,¢
TH3LE (DEC-F)= 94,€

NeC4=2etE I=ClL=TWe90 NeCiu= 1405 I=CS=zZ1.24

HC FLCW FATE (LBS/HR)= 7¢€C2E.%

THeil=1%6.2

PI3CE= 13,5
THW3(E=115.0





