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WATER HEATING BY CONVEX LENS SOLAR COLLECTOR

Mr. Yos Pit-a-porn
MissVanvisa  Seumsarb

Miss Sudarat  Sittanon

Mr. Kiattisak _Roonprasang Advisor
2001

ABSTRACT

The/article-presented-the development of.convex-lens.solarcolléctor'to heat water. This
machine applied-the ‘advantage of \¢onvex lens in‘respeet ‘ot gathering ‘solar. power at the focus
point for high temperature.~Working philosophy6f the prototype started from pumping water to
solar panel, using ‘13.5 em diameter'long convex lens with-31.em long focus length to expose to
solar power. | The water’Tunning, through!copper’tube. Wouldabsotb, the heat from its surface
where was the'focus-point ¢énter of.10-convex lens, situated 4 3.5¢m far from the focus point of
one another. The\water flowing through solar.panels would go to 18 liter storage tank and would
be pumped to the next stage'of water heating. Frontihe test and analysis/conducted at the flow
rate of 3, 5,7, 10 and 12\liter/ mifi; taking 3 hours (from 11.00¢14:00 ht.){ the highest temperature
achieved was 53.3°C. at flow Fate 0f-12 liter/ niin.  The average heat transfer rate at solar panel is
1157.06 kW while heat, 24468 kJ

From the research, it was found that solar collector by convex lens could heat the water
within limited space of solar panel, comparing with other types of solar collectors. It could be
concluded that the production of this kind of solar collector was possible ,but high cost.
Moreover, it was found that the system required 13.5 ¢cm diameter long convex lens of 31 units,

12 liter/ minute flow rate starting at 29°C to get hot water at 100°C.

Key words: solar collector / convex lens / water heating
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= Heat kw
= Mass flow rate liter /min
= Specific Heat kl/kg’c
= Different
= Temperature °c
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3 CAMYDOLU IAPROIECIARING T EX)

‘Haximum temperature = S2.876 €

Average Temp = 48.538 €

£p at average temperature = L.218 kd/kges
0 at 18 lens = 1167.959 kY
q at 1 Yens = 146.796 kv

Enter gutlet t‘enper‘ai’:ure in degree celsins

~ v aAd g
?llh'l 4.12 ﬂ1Wﬂ1iﬂQUﬂ1qmﬁQN1’lﬂaQﬂ15

% CHMYDD “1&??!{14&7 mm}
Haxinun tapperatore s, 52 376 )
Bverage TeBp =-HO.530 €

Cp at average temperaturd /= § 218 RIfkges
§ at 18 lens |~ BIG7.959(KY

§ at t leas = 1164796 k¥

Enter outiet temperature/is degree~telsfes o 1o
@ tank = 2635.755 kJO

§ tatal = $593.566 KW,

The Humber of leny is 91

v 9
9 o a

sﬂ‘n 4.13 mwuﬁﬂamuaumuﬁuuw"’lwmam11mJ 100 °C
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Program Calulator;

uses wincrt;

Label 1;

var m,T,Tmax,Tin,Cpa,Tavg,Q10L,Q1,Qtank :real;
Tout2,Qt :real;
n:real; a:integer;

e e }
Function power(U,V:real):real;
begin{power}
if U = 0.0 then
Power := 0.0

else if U > 0.0.then
Power := Exp(v*Ln{y))
else
WriteLn(Error!!!,frist parameter/must be positive');
end;{power}

Function Tout(mass:real):real;
begin
Tout :=40.112*mass)+50.732;
end;

Function Tav(Ti;Tm:real):real;
begin
Tav :=(Tm+Ti)/2;
end;
e Taverage....\. q.v.. }

Function Cp(Ta:real):real;
begin
Cp:=(-1*power(10,-11)*power(Tavg;5))
+(5*power(10,-9)*power(Tavg,4))-(8*power(10,-7)*power(Tavg,3))
+(7*power(10,-5)*power(Tavg,2))-(0.0028*Tavg)+4.2178;

end;
Lo Epiating }
Function Q10(massf,Cpavg,Tin,Tmaxi:real):real;
begin
Q10:= massf*Cpavg*(Tmaxi-Tin);
end;
o 0. )
Begin {Main}
writeln;
., writeln;
lenansiLdwitelmsTiau g munsidauitensAn i Liaugnlmhluldusgloniaunisen

writeln(' 3 ., Energy Calulation Prografn
lmﬁﬂiaﬂ,m 9AU anmwmﬂmmtﬂmmam LLa“mﬂmqa@mLmﬁuaﬂLaﬂmi%ﬂmwmmimiﬂﬁa
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writeln(' for ):
writeln Water Heating by Convex Lens )
writeln(' Solar Collector Y
writeln(' version 1.0 o
writeln;

writeln;

writeln;

writeln;

writeln(' Yos pit-a-porn Vanvisa Suemsarb Sudarat Sithanon 7
writeln(' Department of Food Engineer i)
writeln(' Kingmongkut Institute of Technology Ladkrabang %
writeln(' March , 2002 )
readin;

1:

clrscr;

write('Enter mass/flowraterin-Lites/min-=: );

readin(m);

Tmax:=Tout(m);

write('"Enterinlet temperature.in degree’celsius~:");
readIn(Tin);

Tavg:=Tav(Tin, Tmax);

clrscr;

writeln(' Maximum. temperature.. =", Tmax:3:3,' C');
writeln('| Average Temp; =", Tava:3:3,1C);

Cpa:= Cp(Tavg);

Q10L:= Q10(m,Cpa;Tin;Tmax);

Q1 := Q10L/10;

writeln(* Cp at'average-temperature =<', Cpa:3:3,.kI/kg*sy);
writeln("Qat 10 lens =,Q10L:3:3, kKW");
writeln(' Q at 1dens =,Q1:3:3," KW' );

readin;

writeln;

write(' Enter outlet temperature'in.degree celsius—:.");
readin(Tout2);

Qt := m*Cpa*(Tout2-Tin);

Qtank := m*Cpa*Tmax;

writeln(' Q tank = ',Qtank:3:3;%kJ");

writeln(' Q total ="',Qt:3:3,' kW');

if Qt>Q1 then
begin
n:=Qt/Q1
end;
if Qt<Q1 then
begin
Writeln('do not necessery use lens');
end;
a:= Trunc(n);
if n>a then
begin
a:=a+1;
, writeln(' The Number of lens is',' ',a); |

[
= v
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if n=a then
begin
writeln(' The Number of lens is',' ',n:1:0);
end;
readin;
goto 1;

End.{main}
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program CalibrationLinel;

uses wincrt ;

label 1,100;

var a,xT1,y1,yT1,x1,FL1,DFL1,DF1,X1N,tol:real;
i:longint;

function funcline1(x1,y1:real):real;
var a,Df1 : real;

begin

a:=exp(2*Ln(x1)) ;
funclinel:=((22.74*3
end;

end;

1: writeln ('x1 = 'x1:2:4);
readin ;
XT1:=X1;
a:=exp(2*Ln(xT1));
YT1:=(20.817*a)-(37.643*xT1)+16.826;
writeln('YT1= ' YT1:2:4);
readLn;
goto 100 ;

end. {main}
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program CalibrationLine3;

uses wincrt ;

label 3,100;

var a,xT3,y3,yT3,x3,FL3,DFL3,DF3,X3N,tol:real;
i:longint;

function funcline3(x3,y3:real):real;
var a,Df3 : real;
begin
a:=exp(2*Ln(x3)) ;
funcline3:=((22.959*a)-44.342*x3+21.364)-y3;
end;

100:
clrscr;
writeln
readin ()
x3:=1: bl
o w 1%,3-\;%:&;&:
begi sg (11 A A‘A‘A“A‘f\

4j ' gx....g.,.

3: writeln ('x3 = 'x3:2:
readin ;
XT3:=X3;
a:=exp(2*Ln(XT3));
YT3:=(20.817*a)-(37.643*xT3)+16.826;
writeln('YT3=',YT3:2:3);
readln;
goto 100;

end. {main}

td’l < ldl Y o U ¥ tﬂl = 1 gj 1 Y o ¥ ¢ v ¥
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program CalibrationLine8;

uses wincrt ;

label 8,100 ;

var a,x8,y8,yT8,xT8,FL8,DFL8,DF8,X8N,tol:real;
i:longint;

function funcline8(x8,y8:real):real;
var a,Df8 : real;
begin
a:=exp(2*Ln(x8)) ;
funcline8:=((22.711*a)-43.495*x8+20.914)-y8;
end;

functlon Dfuncline8(x8:real):

8: writeln ('x8 = 'x
readin ;
XT8:=X8;
a:=exp(2*Ln(XT8));
YT8:=(20.817*a)-(37.643*xT8)+16.826;
writeln('YT8= ',YT8:2:4);
readin;

goto 100;
end.{main}
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MARNUIN 9. Insulation types and applications

Thermal
Type Temperatureconductivity, Density,
range,vc mW/m/*K kg/ma Application

1 Linde evacuated

superinsulation -240-1100  0.0015-0.72 variable Many
2 Urethane foam -180-150 16-20 25-48 Hot and cold pipes
3 Uretjame foam 170110 16-20 32 "=, Tanks
4 Cellular glass blocks .« -200-200 29-108 / ~110-150 Tanks and pipes
5 Fiberglass blanket for

wrapping -80-290 22-78 10-50— Pipes and'pipe fitting
6 Fiberglassblanket -170-230 25-86 10-50. (Tanks"and equipment
7 Fiberglass preformed

shapes =50-230 32-55 10-50 ~-Piping

Elastomerie sheets -40-100 36-39 70-100 Tanks
9 Fiberglass-mats 60370 30-55 10-50' 5 Pipe and pipe.-fittings
10 Elastomatic preformed

shapes 40-100 3639 70-100 " Pipe.and fittings
11 Fiberglass with vapor

barrier blanket -5+70 29-45 10-32 ( Refrigeration lines
12 Fiberglass withotit

vapor barrier, jacket to 250 29-45 24-48 Hot piping
13 Fiberglass boards 20-450 33-52 25-100%¢ Boilers;tanks, heat

exchangers

14 Cellular glass blocks

and boards 20-500 29-108  110-150 Hot piping
15 Urethane foam blocks
and boards 100-150 16-20 25-65 Piping
16 Mineral fiber
preformed shapes to 650 35-91 125-160 Hot piping
17 Mineral fiber blankets  to 750 37-81 125 Hot piping
18 Mneral wool blocks  450-1000 52-130  175-290 Hot piping
19 Calcium silicate 230-1000 32-185  100-160 Hot piping, boilers
blocks, boards chimney linings

20 Mineral fiber blocks to 1100 52:-130 210  Boilers and tanks
wonansiifuenansianulidmiunslinuiensdnwiviitu lieygelmiluTdsslowdsunisé
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MAFNHIN A ATININANTINAAR

m=3 m=5
1281 1/3/2002  1/8/2002 2/21/2002  2/20/2002
10.45 305 305
10.50 317 31.7
10.55 326 326
11.00 337 33.7 29.1 29.7 29.4
11.05 346 34.6 29.9 30.3 30.1
11.10 30.3 35.7 33 31 31.2 31.1
1116 313 36.9 341 30.9 32.7 31.8
11.20 326 37.8 352 31.7 32.9 32.3
11.25 34.1 387 36.4 32.3 34.7 335
11.30 35.3 395 374 345 361 35.3
11.35 36.2 40 381 35.4 36.6 36
11.40 37.6 208 39.2 368 372 37
11.45 38.8 A7 40.25 37.6 38/6 38.1
11.50 30.7 42.4 41.05 391 39.3 39.2
11.55 40.8 431 41795 39.8 40.4 40.1
12.00 415 446 43.05 405 41.3 409
12.05 4256 4572 43185 41.1 41.9 415
12.10 43.4 456 445 42 426 42.3
12.15 441 46 45.05 426 43.4 43
12.20 446 463 4545 434 44 43.7
12.25 454 468 459 4431 425 443
12.30 455 46.8 46.15 44.4 454 44.9
12.35 46.2 at.7 46.95 483 45,7 455
12.40 46.7 48.2 47,45 457 459 458
12.45 46.7 48:4 47.55 46,5 26.3 46.4
12.50 4T4 487 48,05 46.9 47.3 474
12.55 475 493 48.4 472 48 47.6
13.00 48 49.5 4875 48 484 48.2
13.05 48.1 496 48.85 485 487 48.6
13.10 48.9 50,1 495 489 48.9 48.9
13.15 49.3 50.4 49.85 49 49.4 49.2
13.20 50 51.3 50.65 49.7 50.1 49.9
13.25 50 515 50.75 50.2 50.4 50.3
13.30 50.3 52 51.15 50.5 51.1 50.8
13.35 50.3 52.3 51.3 50.9 51.1 51
13.40 50.6 52.6 51.6 51.3 51.5 51.4
13.45 51.3 52.9 52.1 51.9 51.7 51.8
13.50 51.8 52.9 52.35 52 52.2 52.1
13.55 52 52.8 52.4 52.1 52,5 52.3
14.00 52.3 53 52.65 52.6 52.8 52.7
G 2.733 2.788 2.702 2.95
G = Global(MJ/m") HOURLY SOLAR RADIATION 2002

dﬁl < dl Y o % £ 4 dl = 1 gj 1 Y o ¥ c Y ¥
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m=7 m =10

a1 1/26/2002  1/12/2002 2/14/2002  1/13/2002

10.45 30.1 315 30.8 29.6 30.1 29.85
10.50 313 325 31.9 30.3 31.3 30.8
10.55 31.9 337 32.8 31.6 32.1 31.85
11.00 33.6 35.2 34.4 325 334 32.95
11.05 349 36.1 35.5 333 34.8 34.05
11.10 36.1 36.9 36.5 34.6 36.2 35.4
11.15 37.2 38.4 37.8 35.7 37.6 36.65
11.20 38.7 385 38.6 36.5 38.9 37.7
11.25 39.5 39:9 39.7 371 89.7 38.7
11.30 40.2 40.8 40.9 385 40:6 39.55
11:35 41.4 41.6 41.5 398 41.5 40.65
11.40 41.9 42:6 42:2 409 42.4 41.65
11.45 42.8 432 43 41.6 432 42.4
11.50 435 439 43.7 42.5 43.7 431
11.55 44 442 441 438 44.5 44.15
12.00 447 447 44,7 443 44.8 4455
12.05 45.1 455 45.3 44.7 452 44.95
12.10 45.6 46 45.8 45.1 45.9 456
12415 46.3 46.9 46.6 45,3 46.1 45.7
12.20 46.6 472 46.9 45.8 47 46.4
12.25 47.1 47.3 47.2 45.9 472 46.55
12.30 47.8 482 48 46.1 47.7 46.9
12.35 48.2 486 48.4 46.8 48 47.4
12.40 48.5 49.1 48.8 472 482 477
12.45 49.4 49.2 49.3 475 48.7 48.1
12.50 49.3 50.1 497 47.9 49 48.45
12.55 49.8 50.2 50 48:3 49.3 48.8
13.00 50 50.4 50.2 48.7 49.9 49.3
13.05 50.2 50.8 50.5 49.2 50.5 49.85
13.10 50.7 S 50:9 49.7 50.9 50.3
1315 51 512 611 50.2 51.2 50.7
13.20 51.3 515 51.4 50.5 51.4 50.95
13.25 51.5 521 51.8 50.8 51.8 513
13.30 52 52 52 514 52 51.55
13:35 52.1 51.9 52 5115 52.2 51.85
13.40 52.2 52.4 52.3 51.8 52.4 52:1
13.45 52.4 52.8 52.6 521 52.6 52.35
13.50 52.6 53 52.8 52.5 52.9 52.7
13.55 52.8 53 52.9 52.8 53.1 52.95
14.00 53 53.2 53.1 53.1 53.2 53.15

G 2.67 2.877 2.805 2.733
G =G|0ba|(MJ/ml) HOURLY SOLAR RADIATION 2002

dgj 1 d‘ Y o % ¥ dl = 1 gj 1 Y o ¥ ¢ v ¥
enansiiluenarstanulidmiunisidnunenisfinyiintu Teygalihluldusylesiaunism
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m=12

2/22/2002  2/25/2002

29.4 29.4
30.9 30.2 30.55
32.1 31.3 31.7
33.4 33.1 33.25
34.6 343 34.45
34.9 35.4 35.15
35.2 36.6 35.9

2.705

y G =Global(MJm") HOURLY SOLAR RADIATION 2002
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v

manan s JUdImlseneumiesinihioundsnunaserinddrsaudyy

dy 1d td' ¥ o U £ lﬂl = 1 gj 1 Y o ¥ ¢ Y ¥
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V.
o Q. a

Y Y A ° Sy o
gﬂmuﬁmmsmmu 15@141!‘!@1\‘10111!&!,1’{00TVIGlfJﬂ"JEJmuﬂHu

dy 1d d’ ¥ o U £ lﬂ' = 1 gj 1 Y o ¥ ¢ Y ¥
wnanstluenasnanulidmiunisldnuienisfinewinu Weugrelnhluldusslevimunisin
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dy 1d td' ¥ o U £ lﬂl = 1 gj 1 Y o ¥ ¢ Y ¥
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