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The Effect of Collector in Solar Still for Water
Productivity Using Runge-Kutta Method

Mardlijah, Achmad Fatoni, and Lukman Hanafi

Abstract—Solar still is a renewable energy technology. It can —
reduce crisis of clean and healthy water in some countries.dbar e
still produces clean and healthy water using the sunlight, bt A
the result of distillate water is not so much. Hence the need em
for modifications with the addition of collector can increas the i
yield of distillate water. Mathematical model of solar stil with 33 em ~{
collector is in the form of system of differential equations It [ &= T
can be solved numerically using Runge-Kutta method. From tk A e A
simulation, we conclude that the collector increases the aount e
of distillate water in the solar still. /"é

Index Terms—Runge-Kutta method, solar still. L

I. INTRODUCTION ) T
Fig. 1. Solar still with collector.

ATER is the most important thing in daily life. The

consumed water must be clean and healthy water.
However the existence of clean and healthy water in the world!n Fig. 1, the function of collector is to catch the sunlight
are limited. More than 2/3 of world surface covered by watépdiation. Then the radiation is channeled to water through
and more than 97% water in the world is brine and about 2.604€ to basin. The sunlight radiation causes the water tempe
is freshwater but only 1% of total freshwater can be consumaire to increase. When the water goes back to basin, it will
[1]. The amount of consumed water are limited while thadd the evaporation process, which produces more water.
human population is increased. Thus we need a technolog)The model of heat balance in solar still with collector is

that can increase water production. given by Karroute [6] as follows :
Solar still is atechnqlogyto increase the production oéule 0 L0 n mgCly dT — Quiot 1
and healthy water using sunlight. Unfortunately the amount<m9:2 9,0 2 dt cd,g T g
of produced water produced is not so much. Malik et. al. mgCy dTg;
[2] stated that conventionally solar still produces onlyfe Qrgw + Qegw + Qe + 2 dt Qed.g + 1o
clean and healthy water so that it is necessary to incre&se th dT.

resulting water. Phadatare et. al. [3] has developed aroappr Qrgw + Qeguw+ Qe+ mewW +meCu(Tw — Ta)
by using deepen water in basin. From his research, the result = Q.. + Qc.w.b + L
of distillate water is not significant. Then Dwivedi et. ad] [

eV : . & dTy
add two inclined mirrors as solar still cover to catch radiat ~ @c,w,b + Qcd,b + mbcbg =1

and distiller. Tanaka [5] research on the influence of angle m;C; dTy;
change to cover mirror in solar still. However the results of Qed,i + 5 dt Qed,b
these researches are still not sufficient. m;C; dT,

In this paper, we add collector in solar still. The collector Qria + Qea+ 2 dt Qca,i

will increase water temperature in the basin so that both the)\\ this model and by substituting the heat transfer as

evaporation process and the amount water are increased. I&‘l"?duction, convection and radiation, we obtain the foifay
mathematical model is in the form of system of differentiq]es

equations. We solve the model numerically by using the

Runge-Kutta method. 1) Heat balance outside mirror

dT,, 2 Ak
o= 2 (1 T - T)
[I. MATHEMATICAL MODEL dt mgCy Al

—Ag &g U(T;lo -T7) - Aghe,g.a(Tgo — Ta))

The maodification of solar still by adding collector is shown

below: 2) Heat balance inside mirror
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3) Heat transfer in water

drT, 1
Y T A~ co I’w Awhcw Tw -1
& meCo (Qeott + Iy + w,b( b)
—Ay Ew U(Tf; - T;i) - Awhc,gﬂﬂ(Tw - Tgi)
_Qe - mecw(Tw - Ta))

4) Heat transfer in basin

an_ 1
dt mpCh
Apky

—A—lb(Tn‘ - Tb))

5) Heat transfer inside insolant

dTs; 2 Aik;
= T, — Tio
< Al; T ))

6) Heat transfer outside insolant

Iy — Aphebw(To — Tow)

dt m; Cl

ifiy _ _2 (Aiki (T — Tio)

—Ai [SF) U(T;lo - T;l) - Aihc,i,a(no - Ta))
Q. obtained by Zejli [7]:
Qe = Awhe(Tw - Tgl)

h. obtained by Dev [8]:

P, — Py

he = 16273 x 10*3hc,g,wﬁ
w — Lgi

he,qg.w Obtained by Phadatare [3]:

Ty — Tg) +

(Pw - Pgi)(Tw - Tgi)
Begaw = 0.884 {( 5659 2 107 — P

P, and P,; obtained by Sampathkumar [9]:

5144
P, = 25317 — ——
eXp{ 5317 Tw+273}
5144
P, = 25317 — ———
g exp[53 7 Tqi+273:|
m. obtained by Dwivedi [4]:
he(Tw — T,i)3600

Me = I.
where
L, = 3408 — 5.21T,, 4+ 0.017? — 1.1947?
and
Iy = Igir + Laipy
Qo1 Obtained by Dimri [10]:

Qcoti = Acott(Fr[(aT)cott) Lot — UL, cott(Tw — T4))

Ill. NUMERICAL SOLUTION

We use the Runge-Kutta method to obtain the solution of

the model numerically, as follows.

1
T90n+1 = TQOn + 6 (kl,Tgo + 2ICQ,Tgo + 2I€3,Tgo + k4,Tgo)

1
+ 8 (k1,1gi + 2ka,1gi + 2k 1gi + ka1gi)

1
5 (kl Tw + 2k rw + 2k3 17w + Ka,1w)

Tgin-i—l = Tgin

Twpy1 = Tw, +

Tbpt1=Tb, + = (kl 16 + 2k, 16 + 2k3. 16 + ka0)

Tiipy1 = Tty + 6 (k1,Tn' + 2ko 1ii + 2ks 1is + ka,1ii)

. . 1
Tiopy1 = Tioy, + 5 (k1,700 + 2k2,1i0 + 2k3,1i0 + k4, T40)

where

k1,140 = hf
ki1gi = hf
k17w = hf
ki =hf
ki7i = hf
k1,1i0 = hf

kQ,Tgo - h.f <

to, T'goo, T gio, Two, Tbg, T'itg, Ti0g
to, T'goo, T gio, Two, Ty, T'itg, Ti0g
to, T'goo, T gig, Two, Tbo, Titg, Tiog
to, T'goo, T gig, Two, Ty, Titg, Tiog
to, T'goo, T gio, Two, Tbg, T'itg, Ti0g

)
)
)
)
)
to, T'goo, T'gio, Two, Tbo, Tiio, T'iog)

A~ Y~ N/~~~

kl ng

kl,Tio
2

h ki7go o o ki
kargi = hf (t0+§,T900+%,TgZO+ 1,2Tg ’

ki1ii o k1 1io
o+ ;,Tzoo—i——l’;)

h
2’ 2

ki 7w k ket 7o
LTW Thy + ~2L8 Tijg + ~2L

T
wo + =5, 9 2

, Tiog +

1 T k
Two + 1’2T ,Tho + -~ T4

h ki Too . ki Tgi
ko 1w = hf (fo + 57T900+ %,Tglo-i- %,

k w
LIW Tho +

k k i . k 0
Twy + LT% ,Titg + 1’2T , T'iog + 1’2T )

h ki7go o o ki
kary = hf <f0+§,T900+%,ngo+—l’2Tg ,

Two + kl’;w,TboJr MY i 4 kl; Tioo + kl;)
Forii = hf < g, 2 k1 qu

Two + kl’;w,Tbo + kl'éTb,Tn'o + klg“,ﬂoo + kl;)
kaio = hf <t0 + g,Tgoo +Rre oy klgm,

I{J w k k T . k 0
T’LUO + 15 ,Tbo + 1,T% T 10 + 2 T’LOO =+ 1"2T )
h k ko i
kg Tgo = h,f <t0 + — 9’ Tgoo + 2;9 T 0+ 2;9 ,
ko 1w k ko k2, io
T’LU() + 2,T ,Tbo + 2,Tb : T’LZO + 2,T1 T 0o 4 2:Lie 2,T1
2 2 2
ko 1gi
ks rgi = hf ( ZXEL)
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k k ko . ko i
Two + 2,Tw ,Thg + 2,7 , Titg + ,Tit , Tiog + 2,T4o TABLE Il
2 2 2 PARAMETER VALUES IN SOLAR STILL BY ADDING COLLECTOR[2], [7],
10].
k3w = hf t+tho+k2Tg° Tgi 4 Fetei, o
Tw =
3,Tw DY 0 2 ‘0 2 Parameter Value Parameter Value
k L - [ Eeo s mgCy | 6749.29416 j/°C kg 0.84 j/m°C
Twy + =22 Thy + =222 Tiig 4 =22 Tiog 4 2022 muCw | 83760 j/°C y 0.3463 j/m°C
myCy 12244.68 j/°C ks 0.04 j/m°C
k2 T m; C; 5596.5 j/°C €g 0.94
ksrp = hf < 22.Tgi I, 29.6 w/m? Ew 0.95
2 2 Tyr 592 w/m?> € 0.885
Ko 1 koo .. ko ko7 I 473.6 w/m? o 5.67 x 1078w /m?K*
Two + 222 Thy + —222 Tiig + 2% Tiog + —2t0 Tyigs 355.2 w/m2 he.g.a 22.71 w/m2°C
2 2 Tootl 473.6 w/m? hebo 137.373 w/m2°C
h ko ko Ag 1 m?2 he,i,a 5.138523(Ta — Ti0)%%°
ksri = hf <t0 + —,Tgoo + —22 go Tgio + =5 219 Aw 1 m?2 hews | 842.573706(T, — Ty)02
Ay 1 m?2 Fgr 0.8
k2 1w kz Tb k 2, i - k2. Tio A; 2.84 m? (aT) ot 0.8
T’U}O + 2 7Tb0 + T o+ 2 7TZOO + T Acoll 2 m?2 UL,coll 6 ’w/m200
h N N Alg 0.003 m? Al 0.005 m?
2T . 2,Tgi Al 0.005 m? T. 32.8°C
kB,TiO = hf <t0+ §7Tg00+ 2q07TgZO+ 2(”7 .

k w
Tw0+ 2T

k k i1 . k 70
,Tho + 2 Tijg + 2’2T . Tiog + 2’2T )

k47Tgo = hf(to + h,Tgoo + k3,140, T'gio + k3,14i,
Two + k3, 1w, Tbo + k3 1p, Tl + k3,14, T900 + k3,740)
kargi = hf(to + h,Tgoo + k3,140, T'gio + k3,14i,
Two + kg)Tw, Tby + kg)Tb, Tiig + kg)Tii, Tiog + kg)Tio)
karw = hf(to + h,Tgoo + k3 140, T'gio + k3 g,
Two + k3, 1w, Tbo + k3 1v, Tl + k3,14, T900 + k3,740)
k4,Tb = hf(to + h, Tgoo + k’g,Tgo, Tgio + k’g,Tgi,
Twg + kg)Tw, Tbhy + kg)Tb, Tiig + kg)Tii, Tiog + kg)Tio) ; i :
karii = hf(to + h,Tgoo + k3,140, Tgio + k3 1gi, e _-"_ ey T T I
Two + k3, 1w, Tbo + k3 1v, Tl + k3,14, T900 + k3,740) b |+ s air tanga collactos
kario = hf(to + h,Tgoo + k3 g0, T gio + k3 7gi, : : : ' i
Twg + kg)Tw, Tbhy + kg)Tb, Tiig + kg)Tii, Tiog + kg)Tio)

. L Fig. 2. Comparison of water temperature in solar still bemvevithout
The computation uses the initial temperature and parame@érector and with collector.

values shown in Table I.

TABLE | From Fig. 3, we conclude that solar still without collec-
INITIAL TEMPERATURE IN SOLAR STILL. tor has a maximum evaporation coefficient not more than
Variable | Initial temperature 5 w/m?° while solar still with collector ha$.4 w/m?° as

Tgo 28°C its maximum.
Tgi 28°C : . .
Tow 3100 From Fig. 4, we conclude that the result still from solad stil
Tb 33°C with collector is higher than the solar still without coltec
Tii 31°C
Tio 31°C

IV. CONCLUSIONS
Coefficient of convection from water to basin and coefficient ) ) )
of convection from insolent to ambient air are: From the results in the previous section, we have the
following conclusions:

_ _ 0.25
frc,wp = 842.573706(T, Tw)o o « Adding collector in solar still will increase the water
he,ia = 2.89267(Ta — Tio)™ temperature. Furthermore the coefficient of evaporation
The simulation results are shown in the following figures. IS also increased. It follows that the evaporation process
From Fig. 2, we conclude that the water temperature for ~Will increase as well.
solar still without collector in 12 hours (i.e. during obgar  « The result still in solar still without collector produces
tion) reaches2.25°C, while solar still with collector reaches 4.54109 litres in 12 hours, while solar still with collector
32.8°C. produces 8.8289 litres.
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""" —#— avaporasi dengan collecter
—+— paporas: tanpa collector

Fig. 3. Comparison of evaporation coefficient between withfallector and
with collector.

—+— hasil stlll dengan collecior
—+— hasl €1l tanpa collactor
T

Fig. 4. Comparison of still result between without collecand with collector.
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