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Abstract

This research used computer program to calculate the
parameters analysis and potential of systems of energy storage
by solar collector for diumal water heating and nocturnal
water cooling, Solar collector has surface arca of 1.67 m” with
capacity of water storage tank of 60 litres/day and the average
solar radiation incident on surface area of 400 W/m® The
compound parameiers such as; air temperatare transmittance,
absorbtance, heat wransfer coefficient, collector heat removal
factor were simulated by mathematic equations.During
diurnal period, solar collector stored thermal energy and make
temperature of water in the system increase.During the
nocturmal period, solar collector releases thermal energy into
sky radiation which influences solar collector as well as water
in the system are cooled down, Computer simulation program
approved the maximum emperature of solar collector heating
system is T4.77 °C and efficiency of salar collector system
were observed 56% followed by $3%and 51% respectively at
slope of 15 “followed by 5 "and 30 ®. Minimum temperature
of water cooling system by sky radiation, is 0.04 *C and the
efficiencies of solar collecior system were found 60%
followed by 57% and 53% at slope of 5 ° followed by 15 *
and 30 ® significantly,

l. Intreduction
MNowadays solar-powered heating systems are greatly
developed e.g. water heating system by flat plate solar
collector, air heating for dryer purpose and water distillation.
In the water heating system, the solar collector which use
sunlight radiation will eperate only at day tme when sunlight
radiale the heating to the world. The investment expense is
rather high compared with other equipment using another
kinds of encrgy. Bui if adding cooling system by cooling
waler im might time will increase wiility factor of the system.
In daytime the sun will approximately radiate the heating at
wavelength 0.3-3 micrometers. These heating is absorbed by
the atmosphere and earth and at the same time it will radiate
the heating between the earth and atmosphere in the heating
range and radiate the heating from the atmosphere to the air.
During the might -time, there 15 no sunhight radiation, the
object on earth will radiate the heating from itsell o the
atmosphere al wavelength about 5-50 micrometers. It resulls
in dﬂ:re:nsins of the temperature of the earth. From this basis,
it can be applied 1o cool the air by using natural circulation of
syphon. Mo energy from other sources is needed. The
cost will be cheaper and there is no pollution. It is also casy
for production and maintenance. Otherwise, it is difficult to
measure the temperature of fluid. Thus the computer program
is 51 1o calculate temperature, energy and efficiency of the

system with solar collector simulations at different degrees.

1. Assumption of mathematics simulation equation
1. Sk}runperl.mrc{ﬂ}md l.irlm'pmlur:{']:]m

stable at a period of time. The sky temperature vaned according
10 air temperature, but air temperature will not much change at
the short Lime.

2. Water flow system is laminar because the system is
natural flow.

3. Flow rate is steady, both the water cooling system and
ithe waier heating sysiem.

4. The change of temperature in selar collector and
water lank is laminar.

5. Heat conducted in tube of solar collector that radiate
heating at night time and energy collected at day time are
constant because of linear flow.

6. Negligible the heat loss from the friction of joints in
the system .

7. The air inside close sheet and solar collector is not
moving g0 there is neglected on heat loss from heat conduction

3. Theory of the water heating system and water cooling
system

Figure | Water heating systermn design
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In water heating system, flat plate selar collector and
heating tank are mainly used. The system works on natural
circulation or Thermosyphon.  Fluid is water as a3 heat

conduction from solar collector. Solar radiation can be
calculated from equation [1]

Ir-lbnb*ld (1:'
I; = totalincident radiation (W /m" )
1, = beam radiation W/m®)
l4 = diffuse radiation (W/m®)

R - ratio of beam radiation on the tilied surface 1o that on
horizontal surface.

Flar Plate Solar Collector will be placed in the position
that can receive the sunlight radiation all day long in north-
south direction so the equation of Homtel and Woerz 1]
will be:

cos(¢ — f)cosd cosaw + sin(¢ — f)sind )
cos$cosd cos + sin ¢sin d b
@ = latinude angle of solar collector

f = slopeof solar collector
¢ = declination sun solar noon
@ = hour angle

Set noon-lime as zero and each hour is equal to 15°
Longitude. The moming time give surplus value and
aflernoon time give minus, for example @ = +15° means
11.00a.m and @ = -37.5° means 14.30 p.m.
d {dechnation) can calculaie from Cooper's equation[1]:

& = 23.45 sin[360(284 + m) / 365)] (3)

heat transfer coefficient of 3 sides can be calculated
from equation (4 ) as follows:

b

U,=U,+U,+U, (4)
U, = overall loss coefficient (Wim® K)
U, = collector top loss coefficient (Wim® K)

u,=
U'-

collector bottom loss coefficient  (W/m® K)
collector edge loss coefficient (Wim* K)

3.2 Calculation of efficiency of solar collector in water
heating system

In the water heating svstem by Mat plate solar collecior,
it can calculate the efficiency of the system al one point from
solar collector [1]  which shows its efficiency as the ratio of
energy available for that time 10 energy of solar radistion on

solar collector at the same time as the following equation:
Mhe = me, (T~ T)/ AGr =0,/ AGy  (5)

Gy = imadiance on solar collector (I / m')

Ap = mllﬂctarm{mz ]
Cp = speeific heat (J/kg K)
T, = outlet temperature solar collector (K)

T, = inlet temperature solar collector { K )
Q= energy available for one unit of time (W)
1 4. = efficiency of solar collector in water heating sysiem

From equation of balance energy of [lat plate solar
collector at steady working condition, it can calculate the
equation of energy available from  Hotel-Whillier-Bliss
Equation [1] as follow:

QH -ﬁrFI[GT{ra)J_UL{TJ_T')] (6)

From equation ( 5 ) substitute Q
the efficiency of solar collector.

to equation | 6 )

M he "[Fatra), - o0 (7, - 1,))1 G (7)

Fp = gollector heat remaoval factor

(7)), = coeflicient of transmittance and absorblance at
angle of incidence of solar collector.

T, = ambicnt iemperature (K )

U; = collecior overall heat loss m:fl'uciml{n.-;.,rp;}

33 Calculation of efficiency of water heating system
M CoT, [ i = ﬁ&{@[fﬂ}, (7 -7)]-veals - J;H (8)

In equation { & ) is similar 1o the equation of Close , D.J[1]
when heating system i5 a closed system and the fow of Muid is
natural circulation or Thermosyphon, the equation 15 :

MCAT, | di = FyA[G (xa), - U,[(T, - 1)1 2- ] - U,4,(%; - 7]

=F, -’!E[GF':WJ: _U.-.{T- _T.]]_U; “'.t{Ts & ?:] (o)

Gy = irradiance on tilted plane {l-p',.lm‘]

Ag = surﬁanr;-tslman|l:|ﬂl||::n|lingl:nln:mﬁmla-l:s:.'tm:mtm:I )
Ug = heat transfer coefficient of tank and tube (Hl' / M’K}
Cp = specific heat ( kg K )

A = collector area (m* )
Ty = surface temperature of black body (K )
1, = cfficiency of water heating system
Fg = collector heat removal factor
T, = ambient temperature { K )
M. = total mass of water (kg )
T, is average temperature of water in solar collector
which s equal to average temperature of water in the whole

system (T, )thatis T, = T, as in equation (9)

M C,dT, = FAGy(ra);di - AFU (T, - T Mt (1o,
ow U.[-A_,[T_ = 7;}‘#

caleulate equation ( 100) attime t=0 tw t=n will be as
follow:
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i Mo dT, -iF‘.-I,G,(ra},dr- jx,'u.[r_ -:_}dr-fu,u,{r, -T
M, (12~ T2) = AF(ea), T, G- AR, (T2 -To)

VA E (T~ (1)
radl

The efficiency of the system is heating energy accumulated in
the system 1o sunlight radiation energy on solar collector

n= MG -4 Gias)

when 4.3 Grac divide equation (11) the result is

H'_C'L{E:_r:l - Fl{ m!a - [FIUI * r]M

AL, Gyt 2 Gy
new equation as follow:
¥ (m-m)a
s !F,{m],—U, ‘ .
2. G

Ty =F,[:ﬂ],—ﬂ,[iui]fa (12}
= average lemperature of the system from time t=0 fot
= average ambient temperature from time t=0 ot=n
= average irradiance on solar collector from time

U, = Overall heat transfer coefficient in the system
(Fallp+Ug)

34

Figure 2 water cooling system design

Water cooling system by flat plate solar collector using
thermal radiation between the earth and the atmosphere is

alwiys occurred. During divmal penod, sunlight radiaie
thermal energy o the atmosphere and the earth and make them
warm up.Duning noctural period, there iz no sunlight radiation
and the atmosphere as well as the earth are sull warm thus
thermal energy are radiated to the sky.

35 Heating radiation of body
Thermal encrgy released from the object surface are

considered depending on the absolute temperature and object
surface characteristics. The object that can radiate overall
thermal energy is called “Black body™It radiaied thermal
energy follow Stefan-Boltzmann s Law.

By = JE 1 = o' (13)
a

A = wave length ( pm )
E;; = black body radiate the heating radiation energy at any

wave length ( W/m )
O = Stefan-Boltzmann constance  5.67°10~° Wim® k*

Calculation of efficiency of water cooling system by sky
radiation is in contrast to water heating system by theory of sky
radiation. From balance energy equation, it will be:

z@s ¥ Zgn F ZQ:.I'

(14)

(0, is energy storage = M C.dT, /dT
Q, is energyinput = -Q_ =mC,(7, - T,)
Q,, is energy loss to sumounding = Us[ﬂ'ﬂ

in equation  { 14 ) caloulation of average water

temperature 'f_‘_ by Forward Finite Difference Method, that is

'I:*“'-T:*{m.f Mc,) [G‘.. ~u,(r. - T-]] (15}

from equation { 14) ©Q, can be rewrilten as

follow:

"

-M,C,dT. 1di=0_ -U(T,-T.) (16)

@, = necl energy that solar collector radiate heating

=0, =0 ;
(), = cncrgy that solar collector radiaie
O, = heat transfer of energy from solar collector radiate 10

surrounding = U/, (T, - 7, )

to substitute (3, in equation { 16 ) and solar collector
has space in sky radiation as - the result is

—M,CodT, Idt = A0y - AU AT, -T.) (17)

= heat trangfer coelTicient of the system
- (Wim’K)

TE FFm

to integrate equation { 17 ) from time ¢ =0 to ime L=,
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the equation is as follows:

J-s,Codt, 1t = 4. YOt - A, N, ~ T

M,CTz - T2) = A S0 - A0, 3(T: - T2)ar (18)

If only thermal radiation of solar collector is considered
at any time without the interference of another energy
system,the efficiency of nocturmal water cooling system (1)
is equal to overall thermal energy in the systemy radiation
energy in the system.

o = M,C/(12 - 2)/ A Y. Qo

=g
equation { 18 ) divided by AEZQ:__M to obtain the
rea

equation of system elficiency as follows:

wer-r) Fem %
Argv_m g‘.@'_m

T =T
new formation 7}, =1, - U, éi' -)

S

UnT.-T)
O

=1, - (19)

?. = average lemperature of system from lime range L= 0
o1=n

T., = average air lemperaiure from fime range L= 0 o |
&
M, = total mass of waler cooling gystem

Q . = average Q.. from time range 1=0 10 1=n
ey = efficiency of water cooling system
i/, = overall heat transfer coefficient in the system

4. Flow chart to calculate temperature and efTiciency of
solar collector

Select the environment option time penod: by hour or day
Select the operation calculated process: diurnal calculated
process or nociurnal calculated process

Calculation by forward finite difference equation
Caleulate the efficiency of process

Increase time and repeat step 3.4

Display the results reported on screen

el

ol ol o

Figure 3 Flow charl for calculation of temperalure of
nocturnal water cooling and diumal water heating,
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Figure 4 Flow chart for the user to select the environment
periad time options per hour of day
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Figure 5 Flow chari showing the sleps of temperature
caleulation of noctumal water cooling and diumal water
heating.

5. The results from simulation af water heating and water
cooling system

5.1 Water cooling system . The minimum temperatune of
waler cooling system is 0.04 °C at declination angle of solar
collector of 5, 15 and 30 degree respectively (tablel)

Table 1 Minimum temperature at different declination angles
simulated by mathemaltic equation from computer program.

Air Mrimmaaae Cifferced drenpaduead
el EpEedpuEsC | niimmssps e o C
e | Cofren | Cwnfion | Dedroion | Owhefion | Cben | Do
'C | e e Scigee| e D] g e g arge T

Q| % | 3| BB | 44| 45 | N
DR | B4 | BA| 6B | &9 | &b
D| 6| 6| b | BH | B | 7S
D) 0A| 06| | 95| 95 | 95

From table 1, the minimum lemperature of process will
decrease when declination angle of solar collecior decrease.
Otherwise, The geometric factors formed of salar collector and
sky and the efficiency of the process increase. The hest results
are found at 5, 15 and 30 degree respectively.

In the case of declination angle of solar collector 15 stable
whereas air lemperature increases,the minimum temperature of
waler cooling process will also increase. This is because the sky
temperature is reduced much more than air temperature about
1.5 power (T, = 0.05527," ). In addition, sky radiation of solar
collector will increase.

The relation between 7, and (7. -7}/, in equation
{19) will be the straight line equation with the slope of -7,
and intercept T, will be ot 7)., . This imerception is the
efMiciency of thermal radiation from selar collector, without
heat transfer calculated from the formation of mathematic
simulation equation (19) which have the process of water
cooling a1 declination angle 5, 15 and 30 degree as shown in
figure 6.

2 94 D @ D

(-1 Qudn T

Figure 6 The efficiency of water cooling system at different
declination angles of solar collector
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The slope in fig.6 is as heat transfer coeMcient of the
process. The efficiency of waler cooling system tends 1o
decrease when the difference of temperatures between system
and air surounding reach to net energy of thermal radiation
and (7, - )/ @, will increase. This agrees with the theory,

when average temperalure increase, heal transfer occurs in
higher rate, and make the efficiency decrease Moreover, heat
transfir is varied depending on the declination angles of solar
collector. The slope of the process in table2 shows maximum
heat transfer at declination angle of 5,15 and 30 deprees
significantly.

5.2 Water heating system
The process simulation calculated with computer
indicated that, the maximum temperature occurs during
12:00 - 14:00 p.m.the time when the sunlight imensity is
highest. The maximum of water heating system is 74.77 °C at
declination angle of solar collector of 5, 15 and 30 degree

respectively (Table2)

Table 2 Maximum average temperature of the process from
computer program and mathematic simulate equations of
simulation at different declination angles.

Air Meamuraaap Differercex] artempasumernd
ma{  epredposC | e pos
e | oo | Doeon | Doieton | Dmnten | Dmieon | Csisio
C | svesage| | e 5t e Dt eS| e Scdges e Dy
Y |  &ab| 29| 98| b | &% | #8
d | AD| 289 | 68 | 519 | 25 | ¥
I | BA| 28| AD | 4| 28 | 4D
Q| T | F0 | T | BT | D | KD

From equation (12) the relation berween 1, and
l_r_-f_};g' will be the linear equation with slope of —
and intercept  fl,a F(ra) This interception is the

efficiency of solar collector, without heat transfer 1o
surrcunding.

Figure 7 To compare the efficiency of water heating system
al different declination of solar collecior

The efficiency of water heating system at declination angle
of solar collector of 5, 15 and 30 degree significantly are
shown on fig7. The slope of the process of water heating
syziem iz similar 1o these of heat transfer coefficient of the
process. The efficiency of water heating system tends o
decrease when the difference of temperature belween the
sysiem and air surrounding in sunlighi radiation of water

system (I, =T, )/ G, increases. This agrees with the
theory that when average temperature increase, heat transfer
will be higher which makes the efficiency decreases.
Morcover, heat transfer can be vaned depending on the
declination angles of solar collector. The maximum heat
transfer are observed al declination angles of 15 degree follow
by 5 degree and 30 degree respectively.

. Conclusion
The result of computer mathematic simwlating equation

program of solar collecior for diumal water heating and
nociumal water cooling can be summanzed as follows:
Water heating system

The maximum temperature of water heating system is
.77 °C dunng 12.00 - 14.00 p.m. when light intensity is
highest. The highest intensity of sunlight radiation is found
800 W/m', whereas the maximum of thermal energy
asccumulated in solar collector is 600 W/m'. The muaximum
efficiency of declination angles of solar collector at 5, 15 and
30 degree are 53 %, 56 % and 51 % respectively.
Waler cooling system,

Minimum temperature of water cooling system by sky
radiabion 15 0.4 *C and the cfficiencies of solar collector
system are at slope of 5 2,15 * and 30 * significantly.
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