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Development of a Solar Powered Water Pump by
Using Low Temperature Phase Change Material

- System Construction and Operation Analysis -
Kim, Y. B., Lee, Y. K* Lee, S. K., Kim, S. T, La, W. J. and Min, Y. B.
Division of agricultural systems engineering and The Institute of Agriculture and Life
sciences, Gyeongsang national university, 900 Gazwadong, Chinju city, 660-701, Korea

Summary

In this study, the energy conversion equipment from the radiation energy to mechanical energy
by using n-pentane as the operating fluid was constructed and the performance to pump the water
was tested for the utilization of solar powered water pump. The equipment was designed
optimally, after the theoretical analyses of the water pumping head and water quantity per cycle
were done. The pentane vapour temperature in the condenser and the temperature of the outlet
water from the condenser became lowered and the heat transfer rate became higher with
decreasing the water inlet level to the condenser. The temperature difference between the
condenser and the water tank was significant. Therefore, the distance between the water tank and
condenser was recommended to be shorten and the diameter of their connecting pipe was
recommended to be narrow in order to reduce the resistance of the fluid passage and improve the
heat transfer rate. The amount of water pumped was 1.6 ~ 2.4 liters. Mass flow rate of the
cooling water became lowered when the cooling water pipe was prolonged from the condenser to
improve the heat transfer rate.

(Key words : Condensation rate, Energy conversion, Phase change material, Solar energy, Water pump)

A E 7t AR gk Y Bl E o8

%
stel 18 ARG Prsked AT £

Aol e AdBAt 847 AsE  Juw B 2ol Wad AEHd Bt
o2 A8 Ao ojgol U ATUR o] FRAEL 1 RGAE Holum, B
e g FUHn Yo dYldAE EF 8 A/ FFEA @E 97 2olA wol
& AdoUuAZA 1 B¢ e4E Azstd e A4S us fASA HEE + UL 3

o gFAL BUAE o &% WA BE AT ojth ojH@ oA HYLL olfsled B

*o] =FL AAAYRAA Aag oz - AA71eATAR] ] =Y

* A= st ) 74]—‘—5}—,—(D1vxslon of machinery, Sangju national university).

Corresponding author ; Kim, Y. B., Division of agricultural systems engineering and The Institute of Agriculture and
Life sciences, Gyeongsang national university, 900 Gazwadong, Chinju city, 660-701, Korea,
Tel : (055)751-5461, E-mail : youngkim@nongae.gsnu.ac kr



FANEB4EEA A 9A2 %

& okdsli= APl 18A712 s B Rt
Bemard Foret Belidor”o] 23] A|ZE = 22
& Hxo youdd EHEE & § Qe AR EA

ORL EREY(spherical dome)9] £7]9}F F 719
#f (EM B (Check valve)2 A E 1, gkl X7}
IkAY(spherical dome)e] &7)E 7AW 2714
o9 JuR Fo L8 D, teE 2 AR
Al 37 otefel e B 4HE 7hete] i

1Bz dXE0 JE TEE &8 UV B
A BHAR Zo] YEEF Hol Utk an
7o 79 F71E AR, B2 7
sol zAdAog WztEy &7 Fr] &
o] 7| ol3tZ We{7tA H1 1 JE’—? Z}ol
& iR gy B e st Qe BRE
A 73 &R FYst Eol2gAl
o

ay o] AR E T F el 7FEHI W
WZHW 3 Al]|ER JHeH7] wiiel 2o &
o] Bz gre thdo] 91, AE8 2 37
£7)o 7tEsE gFo] 1 ot Qe EE A
@57 dqie] AFEHE 7}% dgo] FAEA
o} Fx|ggo] dAFA e Dol At o
¢ AEEde] ¢ 5 Y WE HY
ST A7t o] gout I AoiME
5 o3t dlgte] FIqhE o] &% EFE
g #FF Aol FHAol

= -
12 B 45E 59 4

[s)

W lo o

N
to,

Hmmlo_ilm.%z%ll
LR
2
o

o

off 30 1l
[}

A -1
2 =FodAe 24 7 o
g 5doz 7|9 geydas
7ol 327t Wz el
w3 Wrhsdol stdZvle) ¢
%2@1 Wzbs o] FEAA|
stgick olst st
3, 37143 ¥

Ol

b g

B0

ox T
=
r)~

¢

N
A0
% ole

rlo
Hor
o M oox w W

&'S%FWJ{N'_\B—HEOQ‘-uEnLR{d
My ofr mo o
e

1
Jfu
ol

rlf
olo
Ay
1_;'5 El
e
£

o] Kwant

2 @?01]*11_ Rk
TEARA AN EEE o

714 AFastaol e AHHst

O

% B4 grite HIYEEHZE 48T 554
o 1 AAE HH At FAAz FA e
TEE Fi AAEAE BHsALH, 53
5718 A48 At O € u8 HEE oA
o2 FMaAnk A AHEAE AA T4
84 TEE BRFeRA FA] 2ES ¥
3 2] s AEA 22 E8 A2FY
&S oA 2 AoW, FATE 54F &5
71 € ¥ A g F4& Tt A4
SR ] ¢ g 5T + e AL
2 7ldEs

1. ORIt YR EHE S

HAYEGEHZ ouixigdezr =HYBES
At dis|A AHEA EH%U&E—E— Yehj=
huel ZFEezA di7id ¥ dF ATYA
FL egdget s, o g 1.353 kW/mZO]Z]
Tt ojZle] A FmHe} EBY W& ojRET HE
zto] "k 2002'd 7143 FslolR|o] vt 2}
28 2AswY, 32 AZHQ Y YALF
< d FExe Adsd Mg Astae A
o] &% oF 3.488 kWh/m’ - day A5 UA}o]
Flad %t Aog Bl Ha glon, B4
3 ERzure oF 395 kWhm'® -
1oz Ao 717 datzzie] F& A
veba 9ok 20009 $ejutet A ge] 3
7+ F AZAIRRE 9F 2,112 AlztelH, &
ZAE g9 1,506 Alzh, Hdie A
321 Akl 8% HE AERANE
, o] HEAFEAITHE VEoR 3
Axrahd 0.6 kWhim’o] Bt} A=
NEow 1 mge &7 <l

= 10" Joll Agsle, olF U2
W3E = %*—& %:@%ﬂf %}7‘4 &S mEsloof
Hojoll A A E

9l 3}%%%% Bl A2



dy
oft
Eh

olft

A AA7 A Asse AR 2 248 o
§8 A% 2 Allge A2 T1E

L a3
g TL, AL 14 52§ TH2} 519
ojZ9 da&(TH TL)/THEH s R
g ojd3t oj2HA
Wl$ olgt. whef o
ol ALEE, B
2 BT feld A4F
AR A 4 10 mY o 3% o 138
o B& ¥4 5 Y= oouzi A,

2. grEA A

HEE e 29 474 & Ate]E e
AEor whEsojor & Zojy, AFEATY &,
[e]

719 <4z} *Jeﬂ‘ﬂs‘z}, 3 o)Fe] FRH I
of o2 AdAHo|of gt AlxH
TAEte B3, We, slo|Z E A7 éﬂi
_o,]

M dlo ol

71
9l %}"ﬁ" 71}4]4 S ol &3t Al
g 4 glen, }% )%8}04 B9 A7)g A
AL & vk 283 ¥3E dZske Jo| =z

AHE DG 799 4AY Bgel v 5
olmel Aol AMHe] Ha) IS Heg 1
dstel o7lNE FAAHDL Telstel A8
=% st

o] o oF 3 liters7}
amsiel 292 AHE v

EPIL A85 A7 A

3oy 7t % 94 ARL A A2t a2z
.5 liters2 3l AR H B
T Fo|ZE FYoEA 7}
22 dad U’rﬁ} 2FA & F A=E A
stk AEEAL AX A (exergy)E 1 5tef”
Hertoz 815y HWekn-pentane)S 1 EAo]
Table 10 vrebd nheh zdo] Ao} 71A0) 4
2E7} APt FAolY 540 gled, o
Hoz glotxog o] gl
ARl neddosry ExUAE
171 918k Wy o g ZHoNWIE(185W)E /é
o] ZtEatRon, EApuxe £
g 7 A=F diAskait 200004 _oraq
TUAZRANNE 7|50 2 HFHALEE A
AsbE 0.6 kWimPeld] uls] B dFolae] WA
2 2 o NGRAES} o7 o Ay 3
g W) Yot AEFEe
Kot 2y AEEE GZPY IF
AEHA o e} DRz Bed /4E97
AHAHAE 3l 24T 4 A g0 &g
He2Me 48 25 ¥4 o &3tk

o . o
H‘ B %E m

—1—'0&\‘

it

)

e ™
Mt oo o F
o

fr ro

i

Table 1. Properties of n-pentane

i

Property Value
Molecular formula CsHiz
Molecular weight 72.146
Boiling point( ) 36.07
Density(g/ml) 0.626
Latent heat(kJ/kg) 358
Critical temperature(K) 469.77
Critical pressure(Mpa) 3.369
Critical density(g/ml) 0.232
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Fig. 1. Diagram of the solar water pumping system.
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Table 2. Specification of the measuring and control parts

Items

Description

Data Logger and control system

Campbell scientific, Inc.,

Model : CR10x

Control input/output 8 channels
Relay multiplexer AM416(32 channels)

T :
Solenoid valve ype

Normal open
AC 200/220 V, 50/60 Hz, Rc PT 1/2, Inner Dia. 15 mm

Relay

Wonder SSR WK-1210SQ(Wonkwang Inc.)
Input : 4-32 VDC, Output : 240 VAC, 10A

Pressure gauge

0-1 MPa, Vacuum upto 0-1.33 hPa, A type, Dia. 100 mm

Temperature sensor

T type thermocouple ¢ 3.2 mm




1. QI U4 £Z0| M2 W30 37

2] LA @ A7ke] T
A Yo REF A= ok I
o m& HdAV|EE agoes Yehid
Fig. 29} v} 9ol AR S+ F59)
upe} 2 Be} Wel 37§ vtk A 10
m, AlelE B fr3Fo] 40 litersd @& nej3] 2
W A vl A Vas A 40 liters7} 5o
of 3lt}h 181 Vbe Vwirl ZHojop dlm g
Fig. 2904 63 40 litersS JERRE AA30A
VbE el A o|3te] e xrte] 27L&
A ok weba B3 Wel Hage] A7)
= 7872 liters7} H™, Q&S ghe Folxl 4
Vb=40 liters, Pai=1013 hPa, Paf=1993.5 hPa&
gt HA 2 (63 w2 (DAY T2 73

o= 5 =
5 dgstq 49 A
160
1 liter it
140 }{ ---Sitersift
";‘; — = 10 liters lift
8 L] - - 20iters it
£120 r 70 30 liters it
——40 liters lift
E 100 || ——minimumwo
=
s
et
S
©
£
2
S
0

Volume of tank A (liter)

Fig. 2. Volume of tank A, B and W for 10
meters of water head depending on

AE 5 Ae s Bl B4 089 HYd 29T d83 47 AR

2. ©39| 37|

ol E3hel 7 "JARe] A])E AlolE B f
&g 7o g dlo] oA Avst AAIA weh
AA|, AZsrHoH, 11 A7])= Table 337 2t} ©
3E T3 ARE FHoEEEA A¥HA
A e FAYS #EE YRS e,
AEFAE 8 nMmZ 3t FEE FAFEE 319
t} $&58 dwgy| gak Yy T selZE
Y 7Hgste] UZste A A Zsion, ok
g g3 YRl WZ 10 mm, 77 1.35 mme] 7]
FolLE olF UAYPoR slEdtd wiREHct
olF UMy og rlgd Telvlo|xel upgZ 9
7L 120 mm, ¢F& 9L 84.6 mm= 3R, T
o]xeo] Aol ugE T 6.7 m, UIF T
#Le 33 mE 3t & 10 mE skt olo] wek
% AY AL A7|EeR oF 04 mE 3Tk

3. AU rASel BAE 2xHE

Ztdshe ®avie =& 7]
NVEF7E wWES L Adsle (RS WHEIE
Abo]E ZFAIZH) whet oF 40~867C iAW
Fata gtk add 7] el 2xE
of 25~37C WA Wt Qe vt o] 2EE

B E ERVERR R R D

de

pumping water quantity per cycle. 229 AH7)H) pAstexs) oF 36T HE 2
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C : Condenser 150 465 6,912 5 for cover
B : Bottom tank 150 215 3,063
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