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Design of the Condenser and Automation of a Solar

Powered Water Pump
Kim, Y. B, Son, J. G.,* Lee, S. K, Kim, S. T. and Lee, Y. K**
Division of Agricultural Systems Engineering, Institute of Agriculture and Life sciences,

NURI, Gyeongsang National University, 900 Gazwadong, Chinju city, 660-701, Korea.

Summary

The solar powered water pump is very ideal equipment because solar power is more intensive
when the water is more needed in summer and it is very helpful in the rural area, in which the
electrical power is not available. The average solar radiation energy is 3.488 kWh/(m’ - day) in
Korea. In this study, the automatic control logic and system of the water pump driven by the
radiation energy were studied, designed, assembled, tested and analyzed for realizing the solar
powered water pump. The experimental system was operated automatically and the cycle was
continued. The average quantity of the water pumped per cycle was about 5,320 cc. The cycle
time was about 4.9 minutes. The thermal efficiency of the system was about 0.030 %. The
pressure level of the n-pentane vapour in flash tank was 150 ~ 450 hPa(gauge) which was set by
the computer program for the control of the vapour supply. The pressure in the condenser and
air tank during cycles was maintained as about 600 hPa and 1,200 hPa respectively. The water
could be pumped by the amount of 128 kg/(m’- day) with the efficiency of 0.1% and the
pumping head of 10 m for the average solar energy in Korea.

(Key words : Solar energy, Water pump, Automatic operation, Thermal efficiency, Phase change
material)
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Fig. 1. System diagram for automation of operating.
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Table 1. Dimension of the experimental system

Element Inner Outer Thickness Height/ Volume

diameter(mm) | diameter(mm) (mm) Length(mm) (cc)

Flash tank 350 350 10 300 23936
Water tank 300 300 10 840 50466
Air tank 350 350 10 260 20517
Bottom tank 350 350 10 430 35049
Storage tank 350 350 10 700 58131
F-W line 20 20 2 1300 331
W-A line 20 20 2 900 229
A-B line 20 20 2 1650 420
B-S line 20 20 2 1570 399
zsg::f:er width:600 depth:300 height(S):80 height(L):120 thickness:3 16678
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Table 2. Specification of the measuring parts

Items

Description

Data Logger and Model : CR10x

control system

Campbell scientific, Inc.,

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

Type : Normal open

Solenoid valve

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

Relay

Input :

Wonder SSR WK-1210SQ(Wonkwang Inc.)
4-32 VDC, Output :

240 VAC, 10A

Pressure gauge

Absolute pressure :

Gauge pressure :

testo 511 0-1100 hPa
testo 0-1000, 0-2000 hPa

Pressure range
Type model
Output : 0~5 V
Voltage divider :

Pressure sensor unit

: —5000~5000 mmH20.gauge
: Piezoresistive ceramic sensor, WISESENTROL

Campbell, 0~5 V — 0~25 V

Temperature sensor

T type thermocouple ¢ 3.2 mm

Electricity meter ]
Omnisystem Corp.

220V, 40(10)A, 60Hz, 1.0 Wh/pulse, 'Single phase
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Vapour valve : closed
Cooling valve : opened

Solar energy input. Vapour generation.

Pressure in flash tank become higher

Pressure in flash tank :
Higher than the pressure
for pumping water

Vapour valve : open
Pressure in vapour-water tank : become higher
Water level in vapour-water tank : become downward
Water in bottom tank : pump up

Water level in vapour-water tank :
reach lowest set point

vapour valve : close
Cooling valve : open

Pressure in vapour-water tank : become lower

Water level in vapour-water tank : become upward
Water sucked in bottom tank from underground well

Water leve! in vapour-water tank :
reach highest set point

Cooling valve : close

Fig. 3. Flow chart for automatic control.
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Input of water mass(m) per cycle, inlet water temperature for cooling(Twi=TL) and

water pumping head(H)

|

Calculation of equivalent pressure (Ps)
Minimum work(W) calculation of operating fluid vapour for water

pumping head(H)

Equivalent temperature(Ts=TL)
calculation for Ps

L

Calculation of thérmal efficiency
Carnot cycle

Calculation of minimum cooling heat(QL)
W/QL=(TH-TL)/TL

Calculation of outlet cooling water temperature
QL=m - Cp - (Two-Twi)

|

Calculation of Logarithmic Mean Temperature Difference(LMTD)

LMTD={(Ts-Twi)-(Ts-Two)}/In[(Ts-Twi)/(Ts-Two)]

Set of the level of overall heat transfer coefficient(U)
and cooling period(tcp)

Calculation of heat transfer area(A) in condenser
QtL=U - A - LMTD - tcc=m - Cp - (Two-Twi)
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Fig. 4. Flow chart for calculating the heat transfer area in condenser.
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Table 3. Minimum heat

N
8
o

i

transfer

Fg gHze) 2 A5

ik

A

Mo

minutes, Water mass per cycle : 40 kg, Cooling water temperature : 15 C)

area in condenser(Basic condition-Cooling time:4

Three levels of Three levels of Three levels of
Cooling water Water mass Cooling time(minute)
Pumping head(m) temperature(C) per cycle(kg)
15 20 25 20 40 60 2 4 6
1 (m) 027 | 036 | 053 | 018 | 036 | 053 | 0.71 036 | 0.24
2 (m) 032 | 043 | 064 | 0.21 043 | 064 | 085 043 | 0.28
3 (m) 035 | 046 | 070 | 023 | 046 | 070 | 093 | 046 | 031
4 (m) 037 | 049 | 074 | 025 | 049 | 074 | 098 | 049 | 0.33
5 (m) 039 | 051 078 | 0.26 | 0.51 0.77 1.03 | 051 0.34
6 (m) 040 | 054 | 0.81 027 | 054 | 0.80 1.07 | 054 | 0.36
7 (m) 041 0.55 083 | 028 | 055 0.83 1.11 0.55 | 0.37
8 (m) 043 | 057 | 086 | 029 | 057 | 0.86 1.14 | 0.57 | 0.38
9 (m) 044 | 059 | 089 | 029 | 059 | 088 1.18 | 059 | 0.39
10 (m) 045 | 060 | 091 030 | 0.60 | 091 1.21 0.60 | 040
P Hzdd dgnde 34 AFF R AE AL, 4F, BANAL BNFRL @
5o LEFER §35F, YA 22 3% 5L, 4Y, 2EE PHaY. =
He ANFEES 47 358402 e 0 AT BE5Hd $57) 3FE AP &%
g 3o yEhd sEUE ALdstden 12 79 HA AUy S dAsded, 1 2
HE F 3o JGEhdAT 3 3 Wzt 3E Fsd e 2o
SEFE, AbolE 7 FFE, 9AANNFE, L. BAL YA E FHoR ®gstd &S
FARe FEd W HA AEEAE Yl G5 = A3, AEE Aol R s
Aoz o3z FHafof & HAge WHO  Ao]ZE HHEE £ gIJut
BEA A= A7EY Aol H F& i 2. FFe 60 Tl 13Afo]E& 433}
2lsto] oluth 2 gror AAsteop gt} Rnom, AtolF F A22ATHE oF 4.9F0]%
o} & U5 HEHL 69200cc, Alo}E W HIA
I -4 5320ccE sttt o] FHAF<E FA 9
dE&L 0030 % e
AAdUAA IS FHLoR 3 3. AdHAA o BEela Jeo #E
TEH 2 EE Fo] Wol Had dEH  EZ U9 2xE BEYIas 75 uiEs
of 1 299 HEFAUAIE Zstrg wis 7] AFo) wEl of 41~49°TC Yol AN
o FHA AAE & vk 2 dAFeMe o, 493 FdHA HEstn dUch 28
HEE Edzo Asgdedes ddstaxd A9 Fridade &5 30T AE B
EEde hEvstE AXsY 2AF oA ZdAd $XH3 dYdew, &7 W74
HE% sglon], o BLH AojidE  FIFLEE AWAW F 10~13C WAS
st gzs Tzt dddMe & Jdehddd 857 275 U~17T A
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