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ABSTRACT 

Formaldehyde is a common indoor air pollutant that is difficult to 

control. One potentially suitable control technique for indoor 

formaldehyde is air washing: the absorption of formaldehyde by a 

liquid. In this report we present a mathematical model of an air 

washer, describe tests of two air washers, and compare the energy 

required for controlling formaldehyde concentrations by ventilation 

and by air washing. The two experimental air washers tested employed 

water as the washing liquid and incorporated a refrigeration system to 

cpntrol the humidity of the outlet airstream. Air flow rates through 

the air washers were 100-160 L/s and inlet formaldehyde concentrations 

were 80-480 ng/L. The steady-state formaldehyde removal efficiencies 

of the two designs were 0.36-0.47 and 0.30-0.63 with water consump

tion rates of 1.7-7.9 L/hr and 0.5-2.3 L/hr, respectively. The power 

consumption of an air washer with a 140 L/s air flow rate is esti

mated to be 1500-1800W. Results show that an air washer with an 

acceptable water requirement can effectively remove formaldehyde from 

indoor air. The net energy required for air washing can be less than 

for mechanical ventilation with heat recovery when most of the energy 

consumed by the air washer provides useable space heat. 
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INTRODUCTION ' 

Particleboard, medium density fiberboard, some plywood, and urea

formaldehyde foam insulation are common building materials that are 

manufactured from resins of which formaldehyde is a major component. 

These materials typically emit formaldehyde, often for extended 

periods of time, into the surrounding air. Since they are frequently 

found in the built environment in substantial quantities, their 

emissions can lead to significant formaldehyde concentrations indoors. 

Because there is concern about the adverse health effects of exposure 

to formaldehyde and since human exposure occurs primarily indoors 

(National Research Council, 1981a) there has been a move to establish 

indoor formaldehyde standards. The American Society of Heating, Re

frigeration, and Air-conditioning Engineers (ASHRAE) has recommended a 

120 ng/L (25°C, 1 atm) maximum indoor concentration (ASHRAE,1981). 

(This concentration is equivalent to 97.8 parts per billion by 

volume.) Recent studies have, however, found that residential indoor 

formaldehyde levels frequently exceed this guideline (Hawthorne et 

al., 1983; Colombe et al., 1983). Formaldehyde concentrations above 

1200 ng/L have been measured in some mobile homes (National Research 

Council, 1981b). 

Indoor formaldehyde concentrations are best controlled by limiting the 

quantity of formaldehyde sources in the indoor environment or by 

reducing the emissions from these sources. Some effort has been 
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directed toward the development of coatings, for sources such as 

pressed wood products, that inhibit formaldehyde release (Fisk et al., 

1984). Emission rates from particleboard have also been reduced by 

modifying the resins and the manufacturing process (Meyer and 

Hermanns, 1984 ). 

At present, ventilation is the most readily available formaldehyde 

control technique for existing buildings with unacceptable 

formaldehyde concentrations. Ventilation, the exchange of indoor air 

with outdoor air, causes formaldehyde to be removed from the indoor 

space since the concentration of formaldehyde in outdoor air is 

normally very low. The amount of energy required to heat or cool the 

fresh, outdoor air may be quite significant, ho\vever, even when 

ventilation systems that incorporate heat recovery are used. 

Another method of reducing high formaldehyde concentrations in 

existing buildings is air cleaning, the separation and removal of 

formaldehyde from the air. There are two major air cleaning processes 

potentially suitable for indoor·formaldehyde control: chemical 

adsorption and absorption. In a chemical adsorption process, 

formaldehyde attaches to the surface of a solid material and then 

reacts chemically with the material. The results of limited studies 

with commercially available chemical adsorbents indicate that they· 

are capable of reducing indoor formaldehyde concentrations but that 

they quickly become saturated and require replacement (Fisk et al., 
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1984). In an absorption air cleaning process, also referred to as air 

washing, formaldehyde is dissolved in a washing solution. The washing 

process takes place in an air washer, a device which provides a large 

interface area between the washing solution and a formaldehyde

contaminated airstream. This technique is potentially suitable for 

use in residential as well as commercial and industrial environments. 

To investigate the feasibility of air washing we designed and 

fabricated two full-scale air washers and evaluated their performance. 

In this report we present (1) a mathematical model of an air washer, 

(2) a description of the experimental air washers and our ~ethod of 

evaluating their perfor'mance, (3) the resuits of these tests, and (4) 

a comparison of the energy required for controlling formaldehyde 

concentrations by ventilation and by air washing. Additional informa

tion is presented in another report (Pedersen and Fisk, 1984a). 

AIR WASHER MODEL 

The model presented below reflects the design of the experimental air 

washers (described in the next section). The washing solvent was 

water, which has a very high capacity for dissolved formaldehyde. The 

experimental air washers contained a large quantity of water which was 

recirculated through an airstream $0 that the concentration of 

form a 1 de hyde i n t h i s w a s h i n g so 1 u t i on w a s e s s en t i a 1 1 y u n i f o r m 

throughout the air washer. A portion of the washing solution was 
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continuously rep 1 aced with ·fresh, formaldehyde-free water to prevent 

saturation of the solution with formaldehyde. 

Figure 1 is a schematic of the control volume employed for derivation 

of the one-dimensional model. The formaldehyde mass balance equation 

for the element shown is 

where: 

Q C(x) -[Q C(x) + (dC/dx)dx] = [C(x)-Ce](hdA/L)dx (1) 

Q = 
C(x) = 

= 

= 

= 

volumetric air flow rate, 

concentration (mass/volume) of formaldehyde in air 

a d i stance x · from the a i rw a she r i n 1 e t, 

concentration of formaldehyde in air that would be 

in equilibrium with the washing solution, 

total air-solution interface area, 

length of air washer in the x direction, and 

mass transfer coefficient. 

The term Ce accounts for the concentration of formaldehyde in the 

solution. We have assumed Ce to be a constant. This is equivalent to 

assuming that the solution in the sump is well-mixed and that the 

formaldehyde concentration of the solution does not increase signifi

cantly as the solution passes through the airstream. The experimental 

results and additional calculations have shown these to be valid 

assumptions for the two air washers tested. 
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The formaldehyde removal efficiency of an air washer, s , is defined 
1 

to be 

where: Cin = 

Cout = 

s = (Cin -Cout) /Cin 
1 

( 2) 

con centra t i on of form a 1 de hyde i n a i r at the a i r 

washer inlet 

concentration of formaldehyde at the air washer 

outlet. 

By solving Equation 1 for Cout we obtain 

( 3) 

From ~quation 3 it may be seen that the formaldehyde removal 

efficiency is limited by Ce. The quantity Ce can be related to the 

concentration of dissolved formal de hyde in the washing sol uti on, Cs' 

by Henry's Law 

( 4) 

where K(T) is a proporti anality constant dependent on temperature. 

Data for K(T) at five temperatures in the range 5-25°C (Anthon, 

Fanning, and Pedersen, 1985) was fit to the following expression (r2 

= 0.96) 
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K(T) = 0.97 exp(24.33 - 6560/T) ( 5) 

where K(T) and T have the units (ng/L)/(mg/L) and degrees Kelvin, 

respectively. The quantity Cs depends on the rate at which for

maldehyde is removed from the air and the rate at which the washing 

solution is replaced with fresh water 

E Ci n Q/R 
1 

where R is the solution replacement rate. 

(6) 

It is useful to define a second, 11air washer device efficiency .. which 

is a function of the air washer design but independent of the solution 

replacement rate 

E 2 = ( C i n - C out ) I ( C i n - C e ). (7) 

Again from Equation 1 we have 

(8) 

Note that this device efficiency is the first term in the formaldehyde 

removal efficiency expression (Equation 3). The second term in 

Equation 3 desc~ibes the effect of the driving potential for mass 

transfer on the formaldehyde removal efficiency. 
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EXPERIMENTAL 

Air Washer Desian 

The two experimental air washers utilized the same case to hold the 

air-solution contact arrangements and additional common components. 

The insulated stainless steel case, shown diagrammatically in Figure 

2, included a chamber for air-solution contact (0.71 x 0.56 x 0.56 m) 

and a sump (30 L capacity). Washing solution was removed from the 

sump by a constant-flow, adjustable rate pump. Fresh, make-up water 

was provided by a city water connection to the case. The inflow of 

water was controlled by a float valve so that a constant solution 

level was maintained in the sump. The case also included the 

evaporator and condenser of a 4.0 kW (output) refrigeration system to 

control the humidity of the air \'Jasher airstream. Contact between air 

and water at room temperature would humidify the air, an undesirable 

consequence. By cooling the airstream prior to contact with the 

washing solution, however, the humidity of the exiting airsteam was 

controlled. The heat rejected from the refrigeration system•s conden

ser was returned to the airstream after the washing process. In 

actual use this heat would, consequently, be provided to the indoor 

space. 

The two air washers'were distinguished by their air-solution contact 

arrangements. The contact arrangement for Air Washer No. 1, shown in 
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Figure 3a, consisted of either three or four rotating mats through 

which the airstream passed. These porous foam mats were kept wet by 

rotating them through the solution in the sump. The contact arrange

ment of Air Washer No. 2, shown in Figure 3b, was based on a commer

cially available mass transfer media (Munters, Model GS XF 6560/15). 

A pump continuously circulated solution from the sump to solution 

distribution pipes above the media. 

Test System and Procedure 

The formaldehyde removal performance of the experimental air washers 

was evaluated by supplying an airstream with a controlled formaldehyde 

concentration to the air washer and measuring the inlet and outlet 

formaldehyde concentrations. The test system (including the formalde

hyde measurement apparatus) is only briefly described here but is 

discussed in detail by Pedersen and Fisk (1984b). Gaseous formalde

hyde was introduced to the airstream by continuous evaporation of a 

methanol-free aqueous formaldehyde solution that was delivered by a 

syringe pump. A blower supplied the temperature- and humidity

controlled airstream (70-160 L/s) to the air washer through a duct 

(0.15 m diameter). The formaldehyde concentration of the air was 

measured by drawing sample airstreams through chi 11 ed, \'Jater-fi 11 ed 

impingers and subsequently analyzing the water by the modified 

pararosaniline method (Miksch et al., 1981). This integrating 

forma 1 de hyde measurement system was calibrated before and after the 
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series of tests with a formaldehyde calibration system (Geisling, 

Miksch, and Rappaport, 1982). The air flow rate through the air 

washer was measured with a calibrated orifice plate flow meter mounted 

in the ~uct upstream of the air washer (American Society of Mechanical 

Engineers, 1971). The air temperature and humidity of the inlet and 

outlet airstreams were meqsured by calibrated sensors and recorded on 

chart recorders. Sensor readings were compared periodically to preci

sion wet and dry bulb thermometer measurements. 

The test procedure was designed to evaluate the air washers under 

steady-state conditions. Steady-state occurs when the rate of 

formaldehyde removal from the air equals the rate of formaldehyde 

removal from the sump by the washing solution replacement process. 

Prior to steady-state operation the formaldehyde concentration of the 

solution is lower than the steady-state value, thus, as may be seen 

from Equation 3, the formaldehyde removal efficiency is artificially 

high. To allow the concentration of formaldehyde in the washing 

solution to increase to approximately its steady-state value, the air 

washer was first operated for a period of time without any replacement 

of washing solution. The test was then initiated by starting the 

solution replacement process and the measurements of formaldehyde 

concentration in air. Typically, these formaldehyde measu~ements took 

place over an 8 to 16 hour period. A sample of washing solution was 

dr~wn from the sump at the beginning and end of each test and its 

formaldehyde concentration determined, also by the pararosaniline 
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method. These measurements permitted us to determine if the air 

washer was operating at steady-state and also made possible correc

tions of the measured formaldehyde removal efficiencies for tests 

performed when steady-state had not been attained. 

For tests of both air washers, relevant parameters were varied to 

assess their impact on performance. To demonstrate that the materials 

from which the air washers were fabricated did not, at steady-state, 

remove formaldehyde from the air, background tests were run with each 

air washer. To conduct these tests, the washing solution was removed 

and the refrigeration system was not operated. 

DATA ANALYSIS 

The formaldehyde removal efficiencies of the two experimental air 

washers were calculated from Equation 1. However, since steady-state 

operation was not achieved for most tests, weal so calculated 

the corrected, i.e., steady-state, formaldehyde removal efficiency, by 

applying the theoretical model and data on Cs, the concentration of 

formaldehyde in the washing solution. 

The model was also employed to calculate theoretical parameters from 

the experimental results including the device efficiency, 

the mass transfer co'efficient-interface area product, hdA. 

E , and 
2 

Three 

add i t i on a 1 p a r a me t e r s c a 1 c u 1 ate d f o r each t e s t a r e the r a t i o E */ E , 
1 2 

10 
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a measure of the impact of Ce on E*; Oc, the effective clean-air 
1 

flow rate; and M, the formaldehyde mass balance ratio. The effective 

clean-air flow rate is defined as the product of E* and the air flow 
1 

rate, Q. This parameter represents the equivalent flow of formalde

hyde-free air that is provided by an air washer. It is a particularly 

useful quantity for comparing the rate of formal de hyde removal by an 

air washer to the rate of formaldehyde removal by a given amount of 

ventilation. The numerator of the mass balance ratio equals the mass 

of formaldehyde contained in the solution within the air washer at the 

end of the test plus the total mass of formaldehyde in the air and 

the solution that exited the air washer during the test. The 

denominator of the mass balance ratio equals the mass of formaldehyde 

in the solution that is within the air washer at the start of the test 

plus the total mass of formaldehyde in the air that enters the air 

washer during the test. This mass balance ratio is an indicator of 

the quality of the formaldehyde concentration measurements and will 

be unity if all formaldehyde is 11accounted 11 for. 

The estimated maximum uncertainties in the calculated parameters are 

shown in Table 1. The procedure employed to estimate uncertainty is 

described in another rep ott (Pedersen and Fisk 1984a ). 
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RESULTS AND DISCUSSION 

Test Results 

The test results and test condition data are listed in Tables 2 and 3 

for Air Washers No.1 and No.2, respectively. The corrected for-
. 

maldehyde removal efficiencies of Air Washer No. 1 ranged from 0.36 to 

0.47. There was 1 ittle difference between the measured and corrected 

formaldehyde removal efficiencies for all but two of the tests. This 

indicates that, with two exceptions, the performance of this air 

washer was eva 1 uated under essentially steady-state conditions. The 

effective clean-air. flow rates were 41 to 57 L/s. For all tests of 

this air washer, the values of e..*/e.. were high (0.64-0.95) because the 
1 2 

washing solution replacement rates were high. Thus, the efficiency of 

this air washer was not reduced substantially by the concentration of 

formaldehyde in the washing solution. Instead, the efficiency was 

limited by the physical design of the air washer, i.e., the limited 

interface area per unit air flow rate. 

The corrected formaldehyde removal efficiencies for tests of Air 

Washer No.2 were 0.30 to 0.63. The measured formaldehyde removal 

efficiencies were considerably higher, 0.50 to 0.77, indicating that 

this air washer was not tested under steady-state conditions and that 

the solution replacement rates were too low for optimal performance. 

By increasing the solution replacement rate, however, steady-state 
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removal efficiencies equal to or even greater than the measured effi

ciencies could be achieved. This is illustrated in the next section 

by analysis with the theoretical model. The effective clean-air flow 

rates for the second air washer were 35 to 74 L/s. The various 

performance indicators had lower values for test 2-8 because one-half 

of the mass transfer media had been removed from the air washer. 

The performance of Air Washer No. 2 was superior to that of Air Washer 

N o. 1. I t s h o u 1 d be noted t h a t the s i m i 1 i a r o r h i g h e r form a 1 de hy de 

removal efficiencies were achieved with generally lower solution 

replacement rates. This was possible because the device efficiencies, 

e ·,of Air Washer No.2 were much greater, evidence that the product 
2 . 

of hd and A for this air washer was greater than that for the first 

air washer. 

The background formaldehyde tests of both air washers showed that 

there was negligible formaldehyd~ removal when water was not present 

in the air washer, therefore, all formaldehyde removal may be attri-

buted to the air washing process. 

The mass balance ratios, M, were within 11% of unity with only two 

exceptions. This is evidence, but not proof, that the measurements 

·were generally accurate. The cause of the two instances of a poor 

mass balance ratio (0.81 and 1.40) was not determined. 
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Results of Analysis Using the Theoretical Model 

While the theoretical model is relatively simple and cannot account 

for many com p 1 ex i t i e s of a i r washer performance , f u r the r an a 1 y s i s 

using the model provides results that are useful for evaluation of air 

washing and for air washer design optimization. Figure 4, for 

example, shows the relationship between formaldehyde removal efficien

cy and solution replacement rate .at various solution temperatures. 

The curves are for an air washer with an air flow rate of 140 L/s and 

a device efficiency of 0.90. As the solution replacement rate, R, is 

increased, the forma 1 de hyde remova 1 efficiency, E , increases. How-
• 1 

ever, E is limited to 0.90 since the device efficiency, E, is 0.90. 
1 2 

A solution replacement rate of 6 L/hr (a reasonable rate) is required 

for E to be 0.80 when the sol uti on temperature is 2°C.. A 1 so shown 
1 

by Figure 4 is the effect of solution temperature on solution replace

ment rates. In addition to permitting humidity control, reducing the 

water temperature also reduces water consumption substantially. 

The relationship between the effective clean-air flow rate and the air 

flow rate through the air washer for various values of hdA is shown in 

Figure 5. As the air flow rate increases, the effective clean-air 

flow rate asymptotically approaches the value of hdA (assuming hdA is 

constant). Increasing the air flow rate will also increase the power 

required to mmove and cool the air, however, so a compromise must be 

made to optimize efficiency and power .consumption. 

14 
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Power and Water Consumption 

The power requirement of an air washer with an air flow rate of 140 

L/s is estimated to be 1500-1800 W. This includes power for operation 

of the refrigeration system, the solution circulation and replacement 

pump, and the fan. Based on the experiments performed and the theore

tical analysis, such an air washer could potentially have a formalde

hyde removal efficiency of at least 0.80. A removal efficiency of 

0.80 would require a washing solution replacement rate of 

approximately 6 L/hr. With year-round operation, 5.2 x 104 L/yr of 

water waul d be required. This water usage waul d increase the water 

consumption of a typical residential consumer by 14% and cost an 

average of $14/yr (American Waterworks Association, 1983). 

Comparison of the Energy Requirements of Ventilation and Air Washing 

At present, ventilation is the most readily available formaldehyde 

control technique for existing residences with unacceptably high for

maldehyde concentrations. Ventilation of indoor spaces may be pro

vided naturally, by leakage of air through cracks or other openings in 

the building envelope, or in a more energy-efficient manner with a 

mechanical ventilation system which incorporates an air-to-air heat 

exchanger (MVHX system). As noted pre vi au sly, however, energy wi 11 

be required to heat the ventilation air during the heating season. 

Additionally, in the case of the MVHX system, energy will be required 
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to operate the fans. A significant amount of ~nergy will be required 

to operate an air washer, however, the air washer will reject heat to 

indoors and, therefore, descrease the amount of heat that must be 

supplied by the building•s heating system. 

To compare the energy requirements of natural ventilation, operation 

of an MVHX system, and operation of an air washer, a simple energy 

analysis was performed for residences located in two different cli

mates, those of Minneapolis, Minnesota and Chicago, Illinois. Ven

tilation or air washing was assumed to be continous during a seven

month heating season. The ventilation and air washer effective clean

air flow rates were chosen to be. 90 L/s. For an air washer with a 140 

L/s air flow, a 90 L/s effective clean-air flow rate is expected if 

the formaldehyde removal efficiency is 0.8 and the 11 Ventilation effi

ciency11 is 0.8. This so-called ventilation efficiency accounts for 

the imperfect mixing of air indoors which could cause the concentra

tion of formaldehyde in air entering the air washer to be less than 

the average indoor concentration. This factor has also been accounted 

f o r i n t h e e n e r gy r e q u i r e men t c a 1 c u 1 a t i on s f o r t h e t w o vent i1 a t i on 

alternatives by assuming that heat and formaldehyde were removed from 

the building with the same efficiency. The energy requirements of the 

two ventilation strategies were calculated using data by Fisk and 

Turiel (1983). The power required to operate the air washer was taken 

to be 1800 W. The energy requirements of each control measure are 

listed in Table 4. The MVHX system requires the least energy of the 3 
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alternatives in both cities, however, this does not account for the 

heating load offset resulting from heat produced by the air washer. 

Using weather data (Nicholson, 1978) we calculated the fraction of the 

energy consumed, i.e., heat produced, by the air washer that waul d 

substitute for heat normally provided by the heating system in a well

insulated residence. In Minneapolis· and Chicago, these fractions are 

0.82 and 0.76, respectively. As can be seen from Table 4, when this 

heating offset is accounted for, the net energy required for air 

washing is less in both climates than the energy required for either 

method of ventilation. This energy comparison is valid only for 

electrically-heated residences. In buildings which are heated using 

energy that is less expensive than electricity, the reduction in. 

heating load offset caused by air washer operation is less 

advantageous. 

We have not assessed the economic feasibiblity of air washing. Fisk 

and Turiel (1983) have shown residential MVHX systems to be 

economically attractive (from a homeowner•s perspective) compared to 

ventilation without heat recovery primarily in colder climates and in 

buildings heated using expensive forms of energy. While the net 

energy required for of an air washing may be less than that required 

by MVHX systems, an air washer would probably have higher initial and 

maintenance costs than an MVHX system. Further study is necessary 

before an accurate economic comparison can be made. 
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CONCLUSIONS 

This study shows that an air washer can effectively remove formalde

hyde from indoor air. Higher formaldehyde removal efficiencies could 

be achieved with future designs. Air washing is most attractive, com

pared to ventilation with heat recovery, when most of·the energy 

required by the air washer provides usable heat and when the structure 

is heated with electricity or some other expensive form of energy. 

The water consumption of an air washer is reasonable. 

We have not attempted to predict the impact of air washer operation on 

indoor formaldehyde concentrations. The relationships between 

formaldehyde source strengths, removal rates, and indoor concentra

tions are complex and variable. In many cases, the formaldehyde 

source strength wi 11 increase si gni fi cantly as the indoor concentra

tion is reduced, therefore, large amounts of ventilation or air 

c 1 e an i n g are r e q u i r e d to s u b s tan t i a 1 1 y r e d u c e i n door form a 1 de hyde 

concentrations. Future investigations of air washing or other air 

cleaning techniques for formaldehyde control should be directed toward 

developing air cleaners with even larger clean-air flow rates, as well 

as lower power requirements, than the devices described here. 

Finally, study is needed to assess potential adverse effects of air 

washer operation, particularly, the 'possible formation of 1.. 

microorganisms in the air washer. 
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Table 1. Estimated Maximum Uncertain~ in Test Results. 

Quantity 
E: 

1 

Maximum 
1 Uncertainty 

E* 
1 

±0.05 

E: 
2 

±0.05 ±21% ± 8 L/s 

r·1 

± 18% 2 

± 12% 1 

1 

2 

3 

All uncertainties are absolute except those given for hdA and M. 

Air Washer No. 1 

Air Washer No. 2 
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Table 2. Results of Tests of Air Washer No. 1. 

3 
Solution Efficiencies Effect;ve 

Air flow Inlet 2 Replacement No. ----------------------------- Clean Mass 
Test Rate [ HCHO ] Rate of E* E E* E .. Air flow Balance 
No. 1 (L/s) ( ng/L) (L/hr) Mats E 

1/ 2 hdA(L/s) Rate(L/s) Ratio5 
I I 2 

----------------------------------------------------------------------------------------------------------------------------
1-1 6 98.3 467 3.0 3 0.57 0.44 0.60 0.73 90.6 43.3 

1-2 6 101 148 1.7 3 0.55 0.41 0.64 0.64 103 41.4 0.81 

1-3 6 14!> 94.2 7.9 3 0.36 0.36 0.38 0.95 69.4 52.2 0.94 

1-4 119 116 7.6 4 0.42 0.41 0.44 0.93 69.0 48.8 0.92 

1-5 119 106 4.5 4 0.40 0.40 0.44 0.91 69.4 47.6 0.92 
I 

1-6 118 218 7.4 4 0.42 0.42 0.45 0.93 70.6 49.6 1.06 

1-7 119 222 5.7 4 0.49 0.47 0.53 0.89 90.6 55.9 0.91 
N 
+=- 0.38 1-8 120 250 4.1 4 0.36 0.40 0.90 62.0 43.2 0.90 

1-9 157 360 . 4.1 4 0.38 0.36 0.41 0.88 83.6 56.5 0.94 

1-B 120 294 --- 4 0.00 ---- ---- ---- ---- 0.0 

-----------------------------------------------------------------------------------------------------------------------------
Footnotes are shown at bottom of Table 3. 

.. ·~ .. 
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Table 3. Results of Tests of Afr Washer No. 2. 

Solution Solution Efficiencies 
3 

Effective 
Airflow Inlet 2Replacement Circulation ----------------------------- Clean Mass 

Test Rate [HCHO] Rate Rate .. Air flow Balance 
No.I (L/s) (ng/Ll (L/hr) (L/min) E: E* E E~jEZ hdA(L/s) Rate(L/s) Ratio 5 

I I 2 
-----------------------------------------------------------------------------------------------------------------------------
2-1 117 269 2.3 57 0.77 0.63 0.93 0.68 304 74 0.97 

2-2 117 252 2.3 23 0.68 0.56 0.81 0.69 197 66 1.40 

2-3 160 84.6 1.7 38 0.65 0.46 0.78 0.59 242 74 1.08 

2-4 116 79.7 1.4 38 0.70 0.51 0.86 0.59 226 59 0.99 

2-5 116 161 2.3 38 0.72 0.60 O.H4 0.71 211 70 0.93 

2-6 llb 102 0.66 38 0.74 0.35 0.89 0.39 257 41 

2-7 116 136 0.54 38 0.63 0.30 0.77 0.39 172 35 0.89 
N 
U1 

2-8 116 159 0.72 19 0.50 0.30 0.60 0.50 105 35 1.00 

2-13 116 143 --- --- 0.02 ---- ---- ---- ---- 2.3 

1 " -B" denotes air washer background tests. 

2 [HCHO] is formaldehyde concentration in air (25°C, 1 atm.). 

E is measured formaldehdye removal efficiency, E* is corrected formaldehyde removal efficiency, and 
I 1 

3 

E is device efficiency. 
2 

4 Mass transfer coefficient-interface area product. 

5 Perfect value is unity. Not available for all tests. 

6 The results of these tests should be considered less accurate than the results of the other tests due to 

irregularities during the experiments. 



Table 4. Coaparison of the Energy Requirements of Ventilation and Air Washing. 

Energy 
Requirements 

Natural Ventilation 

MVHX System 

Air Washer 

Heating load offset due to Air Washer operation 

Net energy requirement for Air Washer operation 

Energy, GJ ---

Minneapolis 

41.7 

14.9 

33.0 

27.0 (0.82) 2 

6.01 

1 Mechanical ventilation system with an air-to-air heat exchanger. 

Chicago 

34.9 

11.6 

33.0 

25.0 (0.76) 2 

7.99 

2 Fraction of air washer energy consumption that will offset building heat load. 
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~ Q[C(x) + (~~) dx] 

~X Washing 
Solution 

Flow 

Figure 1~ 

XBL 8310-748 

Control volume employed for derivation of air washer model. 
Nomenclature: Q is the air flow rate, C(x) is the 
formaldehyde concentration in air at position x, C~ is the 
concentration of formaldehyde that would be in equ1librium 
with the washing _solution, hd is the mass transfer 
coefficient, and A is the total air-solution interface area. 
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XBL 836-9999A 

Schematic of the air washer. The air-solution contact 
arrangements are shown in Figures 3a and 3b. 
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Figure 3a. 
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X8L 8310.747 

Air-sol uti on contact arrangement for Air Washer No. 1. 
Three or four rotating mats were employed simultaneously. 
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Washing Solution -~;5----.l---'-~ .. 

Figure 3b. 
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»-If--Corrugated 
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XBL 8310-746 

Air-solution contact arrangements for Air Washer No. 2. 
Except for one test, the media depth in the direction of air 
flowwas 0.61 m and four solution distribution pipes were 
employed .. 
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Theoretical relationships between formaldehyde removal 
efficiency and washing solution replacement rate for various 
solution temperatures. 
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Theoretical relationship between effective clean air flow 
rate and air washer air flow rate for various values of the 
mass transfer coefficient-interface area product, hdA. 
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