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MEAN MONTHLY PERFORMANCE OF PASSIVE SOLAR WATER HEATERS* 

t We Place, M. Daneshyar, and R, Kammerud 
Passive Solar Group 

Lawrence Berkeley Laboratory 
Berkeley, California 94720 

ABSTRACT 

A simplified analysis was used to compare the 
average monthly performance of a compact heater 
(having combined collection and storage) and a 
thermosiphon heater (using natural convective 
transfer from a collector to an insulated tank). 
The comparison, which was made for a range of cli
mates and a variety of load profiles, indicated 
that the performance of the thermosiphon is sub
stantially superior to that of the compact heater. 

I NTRODUCTI ON 

The most common configuration for solar water 
heating systems is indicated in the following 
diagram: 

[Collectors I 

Heat Flow 

Standard Cold Solar Warm Water Hot 

Water Tank Water Heater Water Tank 

Heat flow from low-mass collectors to the solar 
preheat tank is customarily accomplished through a 
heat transfer fluid circulated by a small pump. 
The pump represents an investment in terms of ini
tial cost, maintenance, and electrical operating 
costs. Heat flow from the collector absorber plate 
to the preheat storage tank can also be accom
plished by natural convection. In the compact 
water heater, Fig. la, the absorber plate is part 
of the preheat storage tank housing, and heat con
ducted through the plate is distributed through the 
water mass by free convection. During periods of 
low solar'radiation, reversed convection currents 
will carry energy back to the cooler absorber plate 

*This work has been supported by the Passive and 
Hybrid Systems Branch, Systems Development Divi
sion, Office of Solar Applications, U.S. Depart
ment of Energy, under contract No. W-7405-ENG-48, 

tUniversity of Technology, Esfahan, Iran. 

and substantial amounts of energy can be lost 
through the glazing. These losses could be reduced 
by incorporating night insulation devices; this 
option has not been explored in the analysis 
described here. If separate collector and storage 
tank are used, reverse-convection losses can be 
reduced by placing the collector below the storage 
tank, as shown in the thermosiphon system depicted 
in Fig. lb. As the absorber plate cools in the 
evening, reverse convection commences. Warm, low
density water is drawn down the tube from the top 
of the storage tank and cool, dense water is forced 
up the tube from the bottom of the coll ector toward 
the bottom of the tank. The effect of both dis
placements is to inhibit further flow; in other 
words, the process tends to be self-suppressing. 

ANALYSIS 

For the compact heater, the solar absorption 
rate equals the sum of the heat loss rate, the heat 
use rate for the load, and the rate of change of 
energy content of the storage water: 

[1] 

The solar absorption rate can also be expressed as 
the product of the glazing transmittance, T, the 
plate absorptiv1ty, a 1 the ~late area

i 
AA' an9 .~he 

instantaneous lntenslty of the so ar radlatlOn 
incident on the glazing. S: 

[2J 

The rate of heat loss can be written as the product 
of an effective overall heat transfer coefficient, 
UA (which accounts for combined losses through the 
cover plate and back inSUlation), the plate area, 
AA, and the difference between the average plate 
temperature and the ambient air temperature, Tp-TA: 

[3J 

For simplicity in performing calculations we will 
express the plate temperature in terms of the aver
age storage water temperature TW and a parameter d 
which accounts for the convective resistance 
between collector plate and storage fluid: 



[4J 

Parameter d, the 1 ag between the average water tem
perature and the average plate temperature, is con
sistently less than 2°C and represents a small per
turbation to the overall system performance (1). 

The heat use rate for the load, qLOAD can be 
written as the product of the mass extraction rate 
m, the specific heat of water CW' and the differ
ence between the average storage water temperature 
and the supply water temperature, TW-TS: 

[5J 

In using Eq. [5], we make the conservative assump
tion that water is drawn off at the average tank 
temperature, and no advantage is taken of stratifi
cation. 

The rate of change of the energy content of 
the water can be expressed as the product of the 
total water mass M, the specific heat of water CW' 
and the rate of change of the average water tem
perature, dTW/dt: 

[6J 

Substituting Eqs. [2], [4], [5], and [6] into Eq. 
[1] yields 

'w,AAS '" UAAA(TW+ d - TA) + mCw(T\~ - TS) 

dTW 
+ MCW CIt [7J 

where Tw is the dependent variable. We can sim
p 1 ify the form of the equat i on by defi ni ng a new 
dependent variable, e = TW-TA and rearranging: 

dTA TaAAS - MCW cnr - mCW(TA-TS) - UAAAd 

UAAA + meW 
[8J 

A similar equation can be written for the thermosi
phon heater: 

, de 
[MCw/(UAAA+UTAT+UpAp+mCw)J dt + e " 

dTA 
TaAAS - MCw CIt - mCw(TA-Ts) - UAAAd 

[9] 

2 

where UTArand UpAp represent tank 
pipe insulation. 

insulation and 

An analytic solution is attainable for either 
Eq. [8] or [9] if we make the following assump
tions: 

, TA and m are step-wise variable during a typi
cal day of each month, 

, The intensity of solar radiation incident on 
the cover plate is approximated by a portion of 
a sine curve during a typical day of each month 
(1) : 

S Sos,'n 'ITt - S s,'n t D ::: 0 w, O<t<D 

'ITqt 
20 

[10J 
S 

where qt '" total radiation incident on the 
tilted surface on the average day of the month 
and D ~ the time interval from sunrise to sun
set. 

Invoking the assumption regarding the varia
tion of TA and m1 and substituting relation [10] 
into Eqs, [8] and [~J yields, in each case, a dif
ferential equation of the form: 

8 de + e '" E sin wt - F dt [11] 

The general solution to Eq. [11] is: 

e" Ce- t/B + E[Sinwt - wB coswt J - F. [12J 
1 + (WB)2 

Using the boundary condition e " 6 0 at time t to, 
the constant C is determined to be 

C '" e to/B { eo + F 

+ E [WB coswto - sinwto J I [13J 
1 + (WB)2 

Equation [12] can be used to evaluate the variation 
of e (and hence T w) and thereby predi ct the sol ar 
contribution to the 10ad, 

APPLICATION OF THE PREDICTION METHOD 

Both the compact heater and thermosiphon were 
assumed to have 2.88 m2 of absorber surface pro
tected by a selective coating and a single glass 
cover plate (yielding a daily average value of Ta " 
0.80), Back and edge insulation for both the com
pact heater and the thermosiphon collector were 
selected so that the combined front and back 
absorber plate losses produced an effective overall 
heat transfer coefficient of 4.0 W'm-ZoC- I

, Para-



meter d was set to zero (I), volume
to-collector area ratios of 70,106, and 159 liters 
per square meter were used. A total load of 300 
liters/day of 60°C water was assumed; the three 
load profiles used are shown in Figs. 2, 3, and 4. 

Richmond, California and Chicago, Illinois 
were selected as ive of a 
wide range of climatic conditions. A monthly per-
formance "envelope" was by L1S 'j ng December 
and June. For Richmond, the ,] and sup-
ply used were 16.7 and 
tively, while the 
Chicago were 20.5 °C 
the sensitivity of 
temperature} additional calculations were made for 
June and December in Chicago assuming a supply tem
perature of 10.5 DC. The solar radiation input to 
the calculat'ion was by distributing the 
monthly average of total daily solar radiation 
over a portion of a sine curve spanning the day
light hours. The ambient air temperature, TA• was 
assigned two values corresponding to the average 
daytime temperature and the average nighttime tem
perature at the location in question. 

For the thermosiphon system, plplng losses 
were ignored. Tank proportions were based on stan
dard production models and the unit thermal conduc
tance of the tank insulation was assumed to be 0.4 
W·m- 2 °C-l. Night losses in the thermosiphon are 
accounted for st )O'i ct ly by conduct'i on th rough the 
tank insulation (UAAA ", 0 at night). The calcula
tion thus produces an upper bound on the system 
performance, corresponding to negligible conductive 
losses along the connecting piping and total 
suppression of reverse convective flow. While the 
latter assumption is not well-documented for the 
case of a free-running thermosiphon, total suppres
sion of reverse convection can be achieved with a 
one-way valve, 

RESULTS 

Figure 2 presents plots of average tank water 
temperature for a heater as a function of 
time on a June day in chmond. Of particular sig
nificance are the substantial night losses indi 
cated by the s'loping curves between 10:00 p.m. and 
6:00 a.m. A large evening load has the advantage 
of 1 oweri ng the co'11 ector , thereby 
reducing night losses and i ng system perfor-
mance. This conc"lusion 'is iated by data 
presented in Fig. 5, where solar fraction is plot
ted as a function of storage volume for various 
load profiles, system configurations, geographic 
locations, and times of year.* 

June temperature profiles for the thermosiphon 
in Richmond are in F'ig. 3, In contrast 
to the compact , night losses for the thermo-

*The solar fraction is one minus the ratio of the 
au xi 1 iary energy di vided by the necessary 
to heat 300 liters of supply water to C. 
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siphon are quite small, as indicated by the almost 
flat curves between 10:00 p.m. and 6:00 a.m. One 
thus the thermosiphon system perfonnance to 
be significantly superior to that of the compact 
heater. This conclus'ion is substantiated by the 
data in Fig. 5, Figure 4 shows June and 
December temperature profiles for a thermosiphon 
subjected to a strong hot water draw around noon. 
The midday dra\¥ keeps the average daytime water 
temperature down, thereby reducing losses and 
improving system performance. The magnitude of the 
i rnprovement is i ndi cated by correspondi ng poi nts 
plotted in Fig. 5. 

Also presented in Fig. 5 are the solar frac
tions for a thermosiphon in Chicago; included are 
two poi nts show'i ng the performance of a thermosi
phon, assuming the fictitious supply temperature TS 
'" 10.5°C. A 30% reducUon in del"ivered energy 
resulted when the winter supply temperature was 
increased from 0.5°C to 10.5°C; this suggests that 
long runs of supply pipe passing through the condi
tioned space can have a deleterious effect on sys
tem performance. 

The so'lar system efficiency can be defined as 
the rat i 0 of one mi nus the auxil i ary energy d i vi ded 
by the sola.r ener"gy 'incident on the conector. If 
we ignore the two runs for the fictitious supply 
temperatures TS '" 10.5°C, the daily thermos'iphon 
efficiencies for Richmond and Chicago all lie 
between 5'1% and 57%. This suggests that for many 
parts of the U.S., thermosiphon performance can be 
quickly est'imated by assuming an eff'iciency in the 
range of 51% to 57%. The surprisingly high winter 
effic'iencies are accounted for by the low supply 
temperatures. 

CONCLU S IONS 

• The thermosiphon substantially out-performs the 
compact heater; in Richmond, the usable energy 
delivered by the thermosiphon was approximately 
40% higher than the usab"le energy delivered by 
the compact heater. 

• performance is superior in the wanner, 
sunnier climate; the thermosiphon produced 
approximately 50% more usable energy in Richmond 
than it did in Chicago. 

• Long runs of supply water 
the conditioned 
de'l eteri ous 
mance. 

pipe passing through 
the building can have a 
water system perfor-

• Thermosiphon system performance can be quickly 
estimated for many parts of the U.S. by simply 
assuming a collection efficiency in the range of 
51~57%-
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THERMOSYPHON HEATER DURING A 
TYPICAL JUNE DAY IN RICHMOND, CA. 
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FIG.4 
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