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hot water 
under 
vast 

INTRODUCTION 

The 

2 

of are domes 
products and lumber 
etc. In contrast to 
s on the design and 

ted. The of-
the 1 

and 
due to the low dens 

need 
of as the work-

heaters have been 
for and some of them have yielded 
results /1, 2/. 

forwarded so far can bas 
has a nonporous absorber 

s case 

the absorber 
The second 

over the former 
colleetor and 

upon the heaters 
been made by Whillier /4/, Khanna and /, and 

/, Bansal and Parker /8. 9/ etc. Porous 
air heaters have been extensive and tested by 
Beckmann /11/, t and Beckmann /12/, Selcuk /13, 14/, 
Lans et al /16/, et al. /J7/ and Sodha et al/I 

/10/. 
/1 

In most of these used for the absorber was that 
of metal and for one ther sheets. The cost 
of the collector therefore not come out to than those 
of water heat 

to 
1 

a solar 
• The 

One 

In 

colleetors. 

volume 
has been described in Section 2. Three 
length and another of m length have been 

West 

and 

of porous 
al and eh 

rent collectors, two of 10 
ricated namit Nobel. 



of the three 
collectors an 

) and the 
/33. 37/ data 

set up 

3 

tute 
done on a MADAS 

and ex-

4 th the re and 
s 5 we 

2 

bers and 

holes at a 
the stand 

The measured 

the results 

DESIGN OF THE COLLECTORS 

of porous absor-
an absorber there 
attached to two 

and covered 
collector have 

other for the 
transparent PVC sheet which 
% transmi ttance for 

t 
PVC sheet 

Thus 
range 

the 
as an excellent cover. The lower 

to of the collector; when the 
cover becomes opaque to solar due to natural then 

the collector s so that the bottom PVC sheet now acta as 
a cover. 

Transmittance measurements were 
Delhi, India 

selected as 
flow of 

r i s 
lection losses from its surface. 

m collector b 

at the Indian Institute of 
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structure of 

structure 
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later) and 20 area collector 20 m collector have the tex-
die of as the absorber. le g. 3b) found to absorb 
78 % of the solar ls of each of the col about 

and relevant parameters are table 1. 

1 : 

ltems a 10m col1ector b 20m col1ector 
length of ths col1ector 8.80m 17 .60m 
width of tne col1eetor 1.15m 1. 13m 
absorbing area 10. 12m2 19.89m2 

ion of the colleeto 
0.061m2 0.061m2 0.061m2 

of tn 

cover 
thickness cover 0.6mm O. O. 
transmi 

O. O. 

06 0 0.06 

100% Pol er 100% Polyester 
1 e No.: Textil e No.: 

** 2262/180** 
t'V 2mm 

on 0.08 O. O. 

** rm. n, 
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t 

3. I 

3.2 

* 
** 

7 

EXPERI~mNTAL SET UP AND ~ASURING INSTR~NTS 

The test 
shown 

4: Test 

Stand for 

the solar 
sts of the fol 

the collector 

such a so as to 
the collector was to 

a Lau 
• The 

Blower 

D-5908 
Latitude of Jülich 

on 5 tables 

collector 
set up. 

very 
solar 

schema-

and 
. The 
1.50 m 

** 

I 



5: A test for at KFA-STE 
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Absolute el 
power 

R.P.M. 
Max. . for free 

volume rate 

3.3 flow measurement 

The measurements of the 
lector were an accurate 
drop across a nozz1e. The nozzle and 
were the 

funnel cf trian uLar shope 

O. 

at free . 
m max 

plexigloss er 

.... 
<IJ E 3: 
o 1.1"\ 

.CJ 
0 

11 

E D 
0 .CJ 
'-
"-

:3 m 

6: 

kW 

steel 

30 - 220 V 
o - 1410 

60 

operat 
2850 Ih 

t 

the co 1-
pressure 

track shown • 6 
of 

non I e 

tube 

c-
0 

u 
<LI 

<> 
u 

0 
4-

*' It is our 
emd then 

that the air with an anemometer 

** 

it the densi of air and cross section of the 
rate of the air 

efficienci have been 
4005 Meerbusch 1, West 

results ~n 
li 
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a mul between manome-
ter and the the s 

collector calculated 
the 

== (. € • 

the flow € both are 

(1) 

the pressure across the nozzle measured the manometer 

3.4 Measurements 

total 

the 
ment to mechanical shocks 

pyranometer data are 

Instrument 

* Industrie Norm 

10.58 

ohms at 23 

measured 

per watt 

an 
as 
tru-

i cm ,coated Parsons' 
black 

of sensi 
ranges at 

0.5 per cent o to 1 
-2 watts m 
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Readout to 

3.5 
--~---------------------

- General 

Pt 500 
th a 

the 
..n,at the 

are d.,:::: 3.90802' 1 
the tance of 

measured the of Pt 100 and 
have been a copper tube 

a manner shown • 7a and 7b. As 
has been used so that one does not have to 

tance of the leads. The corres-
the sensor 
the fol formula: 

(1 +ov6 + ) ) 

the stance 
the constants 

:::: I 
PT 

Neglecting the square term in equ. one in 
linear approximation for rature 

1 
"" - - 1) 

equ. ) one the express 

exact 

) 

) 

to the exact DIN­
) to the 

and at lower 
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screw 

I 
Multimeter 

4 

-PT 

PT 
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even less. ) was 
of our 

The 
and PT 500 up to 60 0C 

.3 + 0.05 !tl). For 
stant current of I mA 
the 
two 
res tance of 

val 
racy. A 
(1 mA) 

2.5 

The 
sensors at the 
that a 

face 

3.6 

To 

the MADAS data process 

of 100 

current sources 
a number of 

Measurements the Collector 

and out let are measured the 
the collector. At the out let is 
occurs. The sensors are therefore so ad-

le. sensors are at the 
at the inlet. An effort was also made 

so that the upper 
flow to the upper 

of the collector was 
sensors between the and the 

from each other. The s 
as weIl as below the absorber sur-

Measurements 

we measured the 
bulb and also a wet bulb 

measurement 
are 

the 
the 

sensor when 
from the outs 

than the 

For < 0 oe one has to wait with the measurement until the whole wet 
bulb is frozen and has to 

6.107 x 10 



in mbar as a 

The real vapour 
chrometer as a 
the 

of the 

)=6'107xl0 

14 

bulb oe for 

's formula for 
and wet bulb (T ) 

w 

'> 0 

) 

(6) 

heat for 
found by 

The constant before the 
in equ. (6) has the value 

,val for JO oe. By eonvent 
at the of LV 

the heat of 
by TW equ. 

Inw/mair)' 

evaporation 
) (0.622 

differenee 

the eonstant as .5 

The relat 1 r as funet of the measured 
and wet bulb TW is as the quotient of equ. (6) and 

bulb 
) . 

r == (7) 

Le. 

) 

Equ. (8) has been used for calculating the instantaneous relative humidity 
of the ambient air blown through the col1ector. 

pressed 

where 
taken 

where r 

is the 
tables. 

The 

W = 0.622'r· 

the relat 

of the 

+ W ). 

heat for 

W ) is 

also sand ean be ex-

) (9) 

and of sture, ean be 

( I 

pour pressure at 
from equ. 

ure T and PI is the 
the saturated va­

c pressure. 

All the ) show a small 
eons range (10 oe - t 
data of the colleetor will be scussed 



3.7 

collector 
the 
range and was 
t between 

The smallest 
The constant 

V :::: O. 

the sm of the 
tantaneous 

15 

was measured almost at the same al the 
the he of an e c anemometer from 

trument gives a De-vol in the mV-
a channel. The formed rela-

and DC-voltage U is 7/ 

m + 0.04119 
s 

• U ( 1 1 ) 

recorded 
equ. (11) 

anemometers. The 

the tal voltmeter 0.1 mV. 
due to some los ses ln 

trument can be used for 
the range of O. - 35 

3.8 Data Process tem 

In every 
data, 

measured. These 

The 
U > 100 the 
't' :> 100 msec, and 
values can be recorded 

th a 12 bit 
The measurement 

thermal of solar energy the 
and other weather data have 

are measured by sensors 
As the quan ties are all 

the of a second) one 

values for a solar 
of the 1 

a 

system 11 be 
range of 

Then the measurement 
tal converter 
of about 100 

1 in-
pe wi .h an 

The 
by the 
constructed for 
system s 

component 
to Measurement And 

INTEL 
system and 

are 
flow meters) can be 

col1ector and 

• 8a based on the CAMAC 
ffer-

a 

for con 
are connected to the 

channels, and ld 
and a 

rate is about 
based on the dual s 

suppressed, Sensors 
connected to the counter. 

se 



data are 

controtted 

20mA curren t t oop 
serw! data line 

MEMMOR Y 
EX T. II 

16 

• Ba: The MADAS data proees 

cour-HER 

system 

to the 
memory of the purpose,the was 

data could 

, 
torfs cross-seet 
of collector. All 
to the ADC. The data 
The 

) where the 

levels 
controlled by 

values and 

The pressure p across 
read from a Betz manometer and fed 

• The programme calculates the 
and the 
the mass 

values of the 
is constant for 

and the mean value of 
for the 

4 PERFORMANCE 

Ane Input 

Puls@ Input 

sensors m 
sumed a constant) 

val 
) . 

Thermal of a solar col ~s usual as 
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For 
the value 

rate the 

the average 

follows 

From equ. 0 
calculate the 
measurement 

over a 

between 

.... -

J 

I.. I 

. ( 

e 

l8 

been 
constant 

--

value to be 

(2) 

out of the numerator 
one set of measurements. 

6) that for a constant flow 
, i.e. 

i.e. 

the 

(13) 

of 

flow-rate 
tors 

to the sur-

. ( ) (4) 

one can 

(5) 



For 
co 

19 

some average 
a parameter F ' as 

of 

F' == (16) 

F! equ. (15) one 

~ = F' (17) 

For the mean cus to ) if one 

1 
I 

t 

some 
the collectors 

the collector 
It should, however, be noted that an of 

:= --.,.--

a one, for a porous absorber heater. 
s 

,8,9/. 
/ 

our measurements on the three collectors 6). 

used 
removal factor 

18) 



Subs 

5 

equ. (14) 

* 

20 

one can 

due to not 
if one 

of 

** VARIATION OF AIR DENSITY WITH PRESSURE AND TEMPERATURE 

of pressure and 

(19) 

s 

Fol 
The 

Hammecke et the of a very 
accurate formula for densi at a and 

of one moleeule of 

z "" 'V (20) 

m 
For n = M moleeules one 

P'V = Z • : • R . T 1 ) 

l..e. 
I = - • 
Z 

) 

the f ) at normal 

·z "" 

We 

) 

where ::: ) 

The form of Hottel Bliss for matrix solar collectors will be 
discussed in a later communication. 

** In this section the tures are defined in 
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Let a 

) , , becomes 

• (I t 

From Reference I one can take Z as a funet 
and caIculate a from the ). 

of pressure and 
9a and 9b show 

) 

) 

as a comes out to be 
te, therefore, for a 

a == 

one 
can be 

For the pressure of p = atm = - 3. 

The C is s d In F 

can be 
, so 

x 1 

C = 3.4. The factor D comes out to be 0.575. Hence 

a x I - 0.575 

of equ. ) equ. ) one 

(I 

:= 1. x 10-4 

3.4 
t - O. 

) 

:= 1. 

In] ,. One 

I) 

) 
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5 

a 

'Oatm 

t 10atm 
7atm 

'a 
• T ['1<} 

10 2 J 10' 
a as 
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KJ' 2 5 10 2 
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6 RESULTS AND DISCUSSION 

6. 1 

1 to 
formed on 

the 
data proces 
surements of 
rates. In 

10 m 

se as a 

10 m collector a 
measurements of the solar were per-

and the were recorded manual 
meter. From 25th I 1 the 

the measurements. 
were for 

measurement of 
• 12 shows the 

eonstant 
henee 

the deerease 

deerease 
) 

rates show that the measurements are seat 
shown • 13. We made a least square 

.. 15 

40 1 
"-

jS :3 
u wtnd speed 
(I 

H 6810 86 % ::>.. - 3e .... 
."" <IJ 
l.tl '- z'S 

:::::l ~ - outlet tempo 111 
..... 
,-... . ,... 

I'IJ -.;j 
t me I h -. 

11: 

ana 



25 0,45 850 

10m 
750 

20 0,40 

t 0,35 t 
600 t 

15 
w >-., EFFfCIENCY u 450 c:: 

'" I-
10 0,30 :~ 3: 

TEMP. DlFF. - 300 
"-' 

5 0,25 

i50 

0 0,20 50 
9.10 10.00 10.50 11.40 12.30 13.20 14.10 15.00 15.50 16.40 17.30 

Tim e cf t 11 e d Cl Y ! h -+ 

12: 

on 

25 

10m COLLECTOR a 

1 20 

x 
u 
e 15 - x 

...... 
'"1:::1 10 

e 
QJ - 5 

800 900 -
13: 

rates 



see, 
flow 

almost constant 

from the 
iciencies for various 

a can 

from the 

flow rates of in 
conditions fici rature 
rise curve show a saturating trend an air flow of h. A maximum 

iciency of around 50 % shown in Fig. 14 1s five percent smaller than 
obtained from the least square fit of Fig. 13. The later. however, contains 
errors averaging etc., however the straight line 9 5 are found to be 

from the point of view of comparing the performance of collectors. 

35 

10m COLLECTOR a 
I :: 880 900 W/m L 30 

t 
wind speed mfs t Ti=21°C:!:0,6 Cl C 
r.H. 57 to 61 % 

>- 25 
u 

u <> 
Z 
IJ.J I-

<l 
;:: 0,40 20 
u... 
u... 

0 !J.J 

15 

0,30L..... ........ ........J. .................... .......J.. ........... -'-I....J.....I.....I....I.-I.....1...J.--'--'-'-.L....L.....I..-...L...&.....I'-'-< .......... .I-I... ........ -'-'--'--.................... ..I...o. .......... ......o....J 10 

250 300 350 400 450 500 550 600 650 700 750 
AIR FlOW RATE I(m 3/W) --iII» 

14: rate 

6.2 b 

for a ane week fram 
and the measurements 
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10m COlLECTOR 

t 
35 date 6.9.1981 

wind 0,1-1,4 m/s 
r. h. 37 to 89 0

/0 
30 flowrate 

w 
0 2S 

<lI 
c... 20 :::l -e 
c... 15 
<lI 

10 

5 
550 600 650 700 

15: 

on a '-.l..c;u ..... 

one 
ency of about 

almost the 

Measurements 
rates and for 

. 17. The measurements 
method and from the 

750 

---'-

800 850 900 

timeImin. 

1000 

t 900 

outtet temperature 800 

700 
>. 

600 -V) 

500 c <lI -400 .:: 

c.. 300 e 

200 
0 
V) 

... 
100 

950 1000 1050 1100 1150 -

of outlet, 
g. 16 the corres­

are shown. On 
, and the solar 

rate of 757 Ih was one of 
blower and hence an 

of about 800 

r 



0,40 
14 10m COLLECTOR b 

t 0,36 900 

12 
800 

f 
0,32 

t 10 700 
0,28 u 

8 >- 600 -CI -- u 
0,24 c: c: 

I- AT w 500 0 

<I u -date 6.9.1981 S 0,20 ;.;::: 400 ~ 
r. h. 37 to 89 - 0 
flowrate 757 m h fl LU 300 V) 

.... ind speed 0,1 to 1,1 mls 0,16 c: ..... 
200 

0,12 
0 100 
9.10 10.00 10.50 11.40 12.30 13.20 14.10 15.00 15.50 1640 17.30 18.20 19.10 

Time/h --
16: s, 

! on a 



10m COLLECTOR b 

0,27 
S :: 750 Wlm2 

<1.1 

.~ 0,21 
"'-

.toT 

200 250 300 350 400 450 500 550 600 
flow ra te l(m3/h) 

18: 

6.3 20 m Collector 

collector was also tested for a 
1. The 

, an 
for collector. 

Measurements of ~T as of lover the 
as a on of 

a least square 
flow rates are also 

flow rates, as 
also tabulated. 

cy measured over a small of one 
of '\; 

19 f 
17 

<1.1 
15 u 

c:: 
<1.1 
c... 
<1.1 -13-

"C 

11 

9 

7 

5 
650 700 750 800 ---

rate 
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20 m COLLECTOR 

t 
40 

35 

900 t 
150 

u 30 
0 

QJ 
25 600 -

'-
::J 20 - Vl 

15 
450 

E 
date 10.9.1981 

QJ 10 r. h. 54 tu 78 % - wind speed 0,9 tu 2,2 mJs 
5 f 10\01 rate 697,4 m31h 

300 
t... 
Cj 

0 
Vl 

tem era ture di f ference 

0 1 SO 
550 600 650 100 150 600 650 900 950 1000 1050 1100 

time Imin. ---

19 : 

on a 

0,30 20 

20 m t 0,2 B 

t 0,26 
tempo dift. 1S u 

0 -
>. 024 "-
'-' ' ..... 
c:: 10 :c 
.~ 0,22 date 10.9.1981 
u r. h. 54 to 16% 0.. 

::: 0,20 .... ind speed 0,9 tu 2 mls efficiency E 
f 10 .... rote 697,4 h OJ 

OJ 5 -0,1 B 
so I or tensity 

0,16 
0 

550 600 650 700 750 /la~ 8S0 900 950 1000 1100 

time I m in. ---

on a 
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U 

C 
QJ 

u 
~ 

~ 

I.I.J 

20 

1 
18 

16 

u 
0 

-- 14 

12 

~ .. . . . 
10 

. . . 
QJ 
I:... 

8 

20m COLLECTOR 

Ob-------~--------~--------~--------~--------~--------~--------~ 
200 300 400 500 

21: 

0,25 20m 

20 

0,1 5 

600 
in ity I( 

COLLECTOR 

600 - 900 

2S 

20 

15 

0,1 0 '--------'------'--------'------'--------'--------"10 
200 300 400 500 600 700 600 

Mass Flow Rate -
rate 

t 
QJ 
u 
C 
QJ 
I:... 
QJ 

"-
"-

Cl 

QJ 
I:... 
::l -



6.4 

let, 
the 

of the at the out-
collectors for 

of the three collectors for various 
table 3. It easi seen from the table that 

of 10 m collector a much better than the of 
ther 10 m collector b or the 20 m collector. The 

tor aalmost double than that of 10 m collector m 
collector 11 low. Even the from the 10 m 

rate 

at a par 

col 

sorber 

1 

2 

3 

3: 

4 900 610 

more than that m collector up to an flow 
after is to the rise ob-

the 20 m collector. The 20 m collector 1S seen to be 

The 
1S 

(l) 
saue, 

(2) 

JO the same . This 
not on to the area. 

the collector, thermal losses also become 
not 1 ). It is also noted that the effi-
least square fit theAT versus I gs. 13.17.21) 

the same for these collectors. Increas flow rates 
fan power 

s consumed 
n·I·A to 

reason for the 
due to two 

from the last but one column 
power should be subtracted from the 

useful power. 
qu goes on 

is also in 
with the flow 

manner. the useful power 

the of 
reasons: 

Due to the fference the of the black ab-

Due to the dens of pores the two absorbers. 

5 900 520 21.B 21.7 18.741.233.338.819.411.620.1 40.922.319.3355720093481 
6 900 410 23.4 12.2 20.6 38.9 18.5 15.6 3195 1665 2813 164 3031 1501 2649 
7 900 270 20.1 21.921.950.6 39.8 1602 2345 112 2630 1490 2233 



g. 10 m eol-
lee tor a more than the absorptanee of the 

. 3b) collector 10 m colleetor b or 20 m eolleetor. s 
crease , however, not able to rather big 

fference in the of the collectors the two les. In 
. 23 we have les measured along the length 

of the collectors, above as weIl as below the absorbers. Above the 
black , the is seen to be along the 

the 10 collector band the 20 m collector. In the 10 m 
of the above the absorber to ambient 

at very small rates of flow). The losses in the 10 m 
colleetor a from the are therefore much less than the two eollec-
tors. Moreover, . 3b shows that is denser than the le 
whose surface . 3a. In 10 m collector band also 

20 m collector is not able to go the textile and 
lds apressure at the outlet end of also born 

out from a s of the of the 
collector) below the collector and the 
20 m collector. The the 

to 
20 

1 

seen to be reached around 
• In the 10 m collector a, 

the reason 
from g. 3b. 

porous absorber as 
and better porosi 

of the le absorber of 10 m collector aare thus for 

u 40 
o -
-Ö 
L. 

QJ 20 
0. 
E 
QJ 

...... 1 0 

thermal 

/-.-

m= 7503, 1:676 6 

Il bove the 
O~--~----~----~--~~--~----~----L----
o 2 3 456 

(10) 

Distance from 

7 
(14) 

the 

8 
(16) 

inlet/m 

11 



6.5 

I 
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2 

3 

4 
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14.5 

result of 
rate, i.e. 372 , 

thermal los ses 
smaller flow rate 
1 was even lower than 

to a much colder the 
on the uppers 

the pores 
of 10 m collector b under 
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.5 

18.0 

18.4 

collector the 
s effect 

at the back of the collector 
and measured the average 

of 700 

41 

as 

fferent rates over ten 
the calculated 

flow-
due to the 

smaller flow rates. In fact 
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1 
that the 

not due to the reflec-
come the back PVC 

below the collector and 

, i.e. 
and hence 
for such 

a 

over 
thermal 

of collector 

S.NO . T emperature Ri se oe m 

(m3/h) 

1 420 . 8 O . 
( 

2 19.4 18.0 .4 0.4622 O. 0.5447 
( ) ( (746) 

3 18.2 .2 0.4898 0.5421 0.6090 
( ) ( 

17.4 13.9 O. O. 0.6561 
( ) ( { 

5 O. O. 0.6785 

I 3 an I...J.J..J.,-"J'lo. 

II 3 an \..LU.'--J'\. 

III 6 an L.H"."''''' 
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6.6 Pressure the Collector 

A porous cons of the absorber also results 
a smaller pressure across the collector. The pressure , measured 
the pressure fference across the and the outlet, in the 

JO m collector a and 10 m col1ector b as a of flow rates 
shown . 24. As the pressure drop across the 10 m collector 

which has the textile of Fig. 3b, is much higher 
( roximatelya than the pressure drop across the 10m collector a. 
In collector aspass the absorber the 
whole , the collector b more the 
the end and then passes the textile to the outlet. 

of . 3a passes the he at transfer 1S from the en-
the 

f 10m COLLECTOR b 

O~--~----~----~----L---~----~----~----~--~----~----~--~ 
200 300 400 500 600 700 800 

Air Ftow Ra te I{m3Jh) ---

Pressure as a rate in 

same 
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). Calculated values 
are table 6; 
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6: r 
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also th , but the 

1.006 :s;: 1011 kJ 

the range 0 < T < 80 

the range 7 T <: 87 

we have used for the heat c.alc.ulat , the average values 

:::: 1.008 kJ 

= 1 871 kJ 

In a small range, ) c.an be expressed the 
fol 1 relat 

:::: R 
I + 

the ty def equ. (1 can be ten as 

W ::::: 0.622 r 
PI -

In the range 10 
a least square t, are 

the exact values. It is the values 
of interest could be 

the thermal 

is 
other. 

the 

smaller 
of 

the collector, 
of one collector from 

Table 7: Constants RI and ob 

T 

t of the saturated pressure of 

-4.788·1 

• 16· I 

-3.616'1 

.487.1 

4· 1 

.484' I 

o. 

.9930 

. It is 

east 

) 
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. (I 7) and (19 ) for s 
solar water , collectors 
solar water heaters and for nonporous absorber of 

heaters, the factor F', and heat 10ss are constant 
and a 

collectors. 

I 
0,5 

:>. 
u 
c 0,3 
cu 
u --LW 

factor 
the 

. . .. 

-I 
I 

heaters 
eqs. (17) and (19) 

10m COLLECTOR a 

f low ra te :: 371,8 m 

" 
" 

m CO'.Llecto,r a. 
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f ::: 68 

:: 0,46 

-
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ture of volumetrie heat transfe 
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lot in Fig. 25 
i r low rates of ai r 

r this wide scatter of 
i the matrix air ters 
of matrix, its thickness, 

rature also cannot 

nonporous absorbers, are solar collectors, the 

not 
nonporous solar shall 

and 27 show ! vs 

for 10 m collector 
s follow 

that the 
porous 

a 
absorber 

absorber. 

and ~ VB 

and 
sewhere. 

for porous and 

collector the 
our earl results 

behaves as a non-
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