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ABSTRACT

In the present work, thermal analysis of 4 solar powered pump is carried out. Simple
Raukine cycle is employed for eonverting the solar energy collected from a flat plate colleetor
to producc the necessary mechacal power to drive the pump, Comparison between differeat
refrigerants from thermodynamic view is performed to seleet the most suitable refrigerant to be
nsed with the cycic as a2 working suhstance. The analysis is performed with thc meteorological
data and meident solar radiation in Toshke cnviroumcnr, to use its results in the Toshke
project. The energy balance equations for both the solar collector and the cycle arc used to
obtain the produced power and the system thermal efficiency, at all months of the year
Analysts is also, made for the metcorological data nf Summer, Winter and all-over the year.
Results bave shown that the Ammouasa (R717) yields, as an average over the vear, 2 maximum
work of 163 W/m’™ a1 a maximum efficiency of 2.43% when used as 2 working subsiance n
Tosbke environment. However, other refrigerants show close results. where R113 results,
which are the lowest, are only 4% lower than of R717,
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INTRODUCTION

Water is consulered the basie requiremant for the human live. Under-ground water may
be the only available ~ource in some rural places. This needs pumps for lifing. Small pumps are
preferred by smali fwmers 1o keep their needs of Jomestic purposes and irrigation.

Avvepted August 2[5
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Conventional fiels or electric power may even not be gvailable in these places. Solar energy is
seen to be the most suitable choice for these situations. The efficiency of a solar powered
pump depends mainly on the temperatures of the hot and cold reservoirs (Ty and Ti)
Prototype solar water pumps are designed, fabricated and tested by many imvestigators. A solar
thermal water pump with n-pentane as a working fluid is described by K Sumathy et al [1].
The puntp has been designed, fabricated and tested with a flat- plate collector having an
exposed area of 1 m’ coupled to the pump, Experimental results have shown that the pump
can lit 250 Litters of water per day through g head of 8 m, with an overall efficiency of
0.12%. Also, a prototype solar powered pump is examined by K. Spindler et al [2]. The pump
works on an organic Rankime cycle using refrigerant R113 as a working substance. Based on
the workng conditions, Carnot efficiency has a value between 11 and 13 % , and the Rankine
efficiency lies hetween 7 and 9 %, while the recorded overall system efficiency was about 0. 1-
0.2%. Another prototype solar powered pump working on a low temperature organic Rankine
cycle with refrigerart R11 has been described by V.V.N. Kishore e1 al [§]. Resuits have shown
thar the pump can extract about 6.5 m’/day of warer from a depth of 11.2 m, with an overall
efficiency of 0.45 %. The pump is driven hy the heat collected from a single glazed flat-plate
collector with an area of 7 m” .

During the last two decades investigations on some unconventional pumps are carried
out. A solar power diaphragmm pump working on a Rankine cycle with R113 as a working
medium is descrihed by R. Burton [7]. The diaphragm pump was extracting water from a head
of 3 m with a flow rate about 0.9 m'/hr. The pump is operated 5 hours per day with an
average overall efficiency of 0.21 %.

it can be noticed from the previous literature that, the efficiency of solar water pus.ps
being in the order of 0.1 %. Despite of its poor efficiency, solar driven pump is seen to be the
best choice in rural areas because solar radiation is high, Also, rural areas are dispersed and
deprived of conventional sources of energy due to energy shortage or the availability of energy
restricted for economic reasons. It can also be observed that in the previous researches, the
choice of a reffigerant as a working substance for a specific design has taken little attention.
Therefore, this work is concemed with this point by performing a theoretical analysis to
optimize a suitable reffigerant which can be used in a solar powered pump in Toshke
environment.

The Operating Cycle

Solar pump consume mechanical energy to lift underground water. which may be
produced hy direct or indirect (thermodynimic) conversion methods from solar radiation.
Direct conversion methods include photovoltaic, thermoelectric and thermoionic processes
which are expensive specially when used in large scale apphications. Thermodynamie cycles
(Rankine, Brayton or Stirling) can also be used to convert the internal energy of the working
fluid (which is obtained from solar radiation) to mechanical work. Brayton and Stirling cycles
wtilize air (gas phase) as a working fluid. Thermal efficiency of gas power cycles is much
lower than that of vapor power cycles. Therefore, Rankine cycle with liquid refrigerants is
more suitable than any other cycle, Liquid reffigerants are preferred to be used with solar
operated pumps working ou Rankine c¢ycle since the temperatures and pressures are more
suitable in solar energy applications. A review of previous work shows that, most researches
are based on the simple Rankine cycle [1,2.3.6]. Therefore, the sotar driven pump analyvzed in
this work is chosen 10 operate on a simple Rankine cycle with a liquid refrigerant as a working
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fhid. Carming out  the analysis with fixed cycle parameters, gives a suitable basis for
comparison between different refrigerants,

THEQIETICAL APPROACH

Figure (1), shows a Schematic diagram of a solar powered pump operaung om a simple
Rankiite cyvele. The system is connected to a flar plate solar collector to supply the necessary
heat 1o the Rankine cyvcle. The main design parameters which affect the performance of a solar
operated Rankine cycle are:

l- Exaeraal fluid temperatures [ Ty and Te ]:
The efficiency of Rankme cycle mcreases with increasing Ty and decreasing I'.. The
selection of T is comtrolled by the sofar collection system thar will be used. while the
selection of the T, is governed by the available lieat sink temperature. The exxracted
underground water is chosen as a heat sink, since it has the lowest temperature in Toshke
environment,

- The overall fluid-to-Nuid conductance [ (UA)}; and (UA) ]:
Increasing the values of (UA) improves the perforrnance of Rankine system bur also.
mcrease the capital cost of the systenr.

3~ The extemal fds thennat capacities [{m Cp)y and (m Coi )
Increasing the thermal capacity of the heating {luid increases T, . and increasing the thernal
capacity of the cooling fluid lowers T,. This results to an improvement of the systemn
performance. but imcreasing the pnmping cost. Therefore, an oprimum value for thenmnal
capacity must be searched.
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4~ Turbine and pump internal efficiencies |n, and 7, | :
The deviation of cxpansion and compression :irough the turbme and pump respectively
from that of isentropic process deereases the performance of the Rankine cycle, Minimizing
this deviation is only a technological problem.

To select a suitable refrigerant as a working fluid in Rankine cyciz for Toshke
environment. it is impornant to compare between them from the thermodynamic behavior point
of view. The selection of a certain refrigerant depends on many critenia. the most important of
which is its critical temperature and pressure. Refrigerant baving a higher critical remperature
(m a lower pressure) is preferred, because it gives a chance to increase Ty to a higher value
without Lhe need of increasing the pumping work. Also, the slope of saturation lines on the
pressure-enlhaipy cham and the latent heat, bg, at a given pressure play an important role for
the choice of a suilable refrigerant. Some other factors such as the environmental pollution
potential and toxicity should be considered. Classification of some commercially available
refrigerants are presented with Lhe critical pressure and temperature in Table (1). Saturation
pressures are also given at some selected temperatures. Hydroflouorocarbon (HFC) does not
comain chlonne, therefore, it bas an Ozone depletion potential of zero. To reduce pollution
cffects, HFC refrigeranis must be used as a replacement for choloroflouorocarbon (CFC)
reffigerants for many applications. For example R134a may be as a substitute for R12.

Refrigerant type Cnitcal Critical } Pressure ;1 32 1°C | Pressure at 21 a
ternperature. °C 7 pressure, bar | bar bar
1-CFC -Cholorntlouorocarbon- Refrigerants ]

2-HCi". -Chiorinated- Refrigerants

R1Z ( 1i2 | 4158 12.32 1 534
-

R22 - 9% 49 38 2037 937
RIS | 211 3337 117 038
3-HFC -Chlorine free-Refrigerants ]
Ri34a 101 [ 40s7 1424 | 603
Ri52a 1133 L w9 | 12,3 ' 531 ]
4-Halogen free Refrigerants
R290 97 4254 | 13 04 T s63 |
R600a J 135 3645 | 723 3.15
R717 [ 133 113 T % 84

Table (1) Charactenstics ol CFC -Choloroflouorocarbon- refrigerants and 1heir allernatives.

The thermal efficiency of the solar powered pump, . mcreases while the solar

cullector efficiency, .., tlecreases as Tj) increases. This neans that there is an oprimum vahe
for Ty which affects the choice of a suitable reftigerant o deternine the maximum possible
vafue of Ty in Toshke area. il is required 1o know the meteorological data, which are collected
by the authors from Aswan observatory Ihe monthly average daily meident total solar
radiation on 2 horizontal surface per squarc mwcter, [ and the ambient remperature T, for ail
months of the vear are presented in Table (2). According 1o reference [8], 1the monthly
cleamess  index. wlich is the ratio berwcen terresinal antl exraterrestiai horizontal solac
radiation Intensites. 15 assumed Lo be 0.8 i Toshke envirgnunent, the ravio between diffuse
horzontal solar radition compenent. Iy to the horizonwal total solar radiation. [ would he
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about 0.1, Both horizomtal solar radiation components: beam I, and diffuse I, are calculated
sad presented in the same table.

Months of rAmbie:m Horizontal total | Beam component, | Diffuse component.
the year |temp.. °C| radiation [, W/m' I, Wim’® L, Wim’
January 22.5 626.5 563.8 62.6
February 25 675.3 607.8 67.5
March 0 | 617 555.3 61.7
| April 35 542.7 488.4 54.3
| May 38 5128 | 461 513
e | 40 6175 | 5556 61.7
Tuly 40 581.5 523.4 58.1
August 0 | 6098 548.8 61
| September | 375 | 3951 535.9 59 5
October 35 601.6 541.5 60.2
rNovember 275 652.3 587.5 65.3
December 23.5 387 5283 38.7
Summer | 395 580 4 522.4 58
Winter 246 635.4 571.9 635 __|
Year(av.} | 3 | 6016 5414 60.2

Table (2) Monthly average daily meteorological data for Toshke environment.

The solar radiation heat gain, Qs per unit area of the flat plate collector can be caleulated from,

Qy =L {ut)- U{Tu -T.) (1)

and the collector efficicncy is defined as,
1

o =( 2= - () -] o

(¥4

For convenience, the analysis 15 carted out per wmit collector area, with the foltowing
reasonable asswptions:

The collector is south facing with a tilt angle B = 30° 1o the horizontal.

The approximate values of o and © are 0.9 and 0.8 respectively.

The collector overail heat transfer eoefficient, U is equalto 5 Wim® °C

The solar collector efficiency is aboum 33 %

Neglecting site reflections, the total monthly average daily solar radiation on the collector
surface. I, can be calculated from,

b= R+ Ry (3)
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where, R, and R4 are the nlt factors for the solar beurn comparent, [, and the diffuse componem, 1,
respectively, and can be estimared from [8] as,

R = cos(L — ) cos &sinh_ +h, sin(L - f) smd “

cos L cos dsin h,) +(h ) sinl siné

s

R, = cos’ ng (5)

where, L is the latitude angle of Toshke area = 23" N,
h, is the sunrise martthly average daly hour angle,

h., = 15 {12 - local sunrise, hour) (6)

where, Local sunnise, hour = (h, 3, /13
(he ). = cos” [-tan L tan §
{hy ) \s the local sunnise hour angje at sea level (or at solar-altitude angle =0 }
§ is the declination angle at Toshke and can be calculated from.
5 = 23.45 Sin [?—6—{3(284 + N}] (N
363
where, N 15 day numbe: of the »yzar trom January frst.

The sclar heat gmn, Qs 15 transferred as Oy to the evaporator wa collector-system heat exchanger,
as follow,

Qu=Q. e =my {hr -y ) = (UA)y By (8)
where, ( hy -lz ) 1s the enthalpy difference across the evaporator
N 15 the heat exchanger efficiency.
8, 1s the loganthimic mean temperature difference berween the collector fluid and the
refngerant,

Since the monthly average daly evaporator temperature T » 1s aimost constant. and Ty 15 the morithiy
average dady temperature of the collector sysiem, then 8, can be considered as the temperature
difference (Ty - Ty) The effectiveness for evaporator and condenser 15 equal w {1-exp(INTL)].

where, NTU is the number of transfer units [ (UAR/ (m Cp). |
Waser flow rate in the flat plate collector can be assnmed abour 10 kg/hr.m® . as mennoned n the
orevious work [9],

Also, the monthly average daily remperature of the condenser. Te 15 constamt and hence the
logarwhimie suean temperature difference between the exuracted water and the refnigerant B can he
considered as the rempuerature difference (T - Tr) The extracted water temperature. from a dipth or 35
m. can be assumed 13 °C 1o the winter and 20 °C mthe summer This assumption is a reasonable
assumption according to the data published about Toshke environment | 10],
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On the other hand. the heat rejected from the refrigerant in the condenser to the extracted
wadter, On can be obtained from.

Q. =mu(he - hy)=(UA). 9, (9
vhere, my is the refrigerant flow rate which ean be obtained from:
I‘IIR—_-QH f'{h‘:"]lg) (10)

Using the above equations with the previous reasonable assumprions and the recorded
meteorological data for Toshke environment presenied in Table (2), the input parameters of

the operating cycle: Oy, Ty, Ti., Tv and Te can be obtained as an average during each month
of the vear.

Camoi cycle efficiency, 1, of the system can he calcuiated from,

Me =1-{ To /Ty ) (11)
Referring to Fig. (1), Rankiue cyele effiviency n, can be calculated as.
\'\R:[{hg-h.l)'(hg‘-h] )]«I [hj-hg] (12)

Values of enthaipies hy. hs. hu and b, are oblained fom the pressure-enthalpy chart for each
refrigerant. Figure (21, shows a plot of the cycle on the pressure-enthalpy chart for each of'the
refrigerants mentioned in Table (1).

The nert cycle work, W per unit collector area is calculared as,

W=mg [(Ih-ha)-{h:-h )] (13)

RESULTS AND DISCUSSION

Equatious from 1 to 9 are solved with the help of the meteorological data {Table 2) to
obtain the values of Q, Ty ,Tw. T) and T. as a daily average during each month of the year.
Results are also. given numerically in Table (3) for Suminer, Winter and all-over the vear.

Maonths Input heat, L T j Ty, To ,—‘ Te.

of the vear O *C °C "C °C
January a0s ¢ 538 | 4gd4 | 13 |18
Februare _-1 388.3 55 19.8 15 13
March | 3003 3.2 492 15 8
April 3.6 52.3 493 20 24
May 185.7 52.4 499 20 | 24
fune 2092 | 56, 53.3 20 24
July L2023 55.6 52.9 20 24
August | 2368 | 583 | ss1 20 24
[ September | 2703 | 584 54.7 20 24
October | 3225 56.9 55.6 15 18
November | 406.8 58.9 $3.5 5 18
December | 3939 5391 48.6 15 18
Summer | 3085 36 533 20 24
Winter 3984 1 ssy 30.5 3 I8
[ Alltheveyr | 2054 s 52.) 175 | 21

Table (3} Caleulated values of Oy, Ty, Tw. 1) and Te for Toshke environment.
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Equations from 10 to 13 are used with the help of data in Table {3) and the Rankine
cycle plotted on p-h chart in Fig. (2) to calculate the net cycle work, W (W/m’ ), Rankine cycle
efficiency, ng (%) and the refrigerant flow rate, my { Kg/s.m"). Resuits are given in Table (4}
for different refrigerants in each month ofthe year. Results are also, giveu in the same tahie
for Summer, Winter and allover the year. Camot cycle efficiency is constant for ail
refrigerants and is equal to 68.7 %.

The overall system efliciency, ne can be obtained from the fellowing formuia:

Mo = Vel MHE TR Tim Vg (149

The following reasonahle assumptions can be considered :
The heat exchanger efficiency, n,; = 80 %

The system mechanical efficiency, 1, = 80 %

The pump efficiency, np =75 %

While, the overall svstemn power ourput, W, can be estimaied from,
Wo=1 ne (13)

The overall svstem power output can be used to determnine Lhe amount of extracted
water, G, from a depth of 35 m as follows,

Gu=Wo/(pg H) {16)

where, g = accelerarion of gravity ($.81 mv's® )
H = water level depth (35 m )
p = water density

Therefore, both the monthly average daily overall svstein power outpur. Wy, and the
averall system efficieney. m, can be calculated usmp equations 14 and {5 and presented m
Table (5) for different refrigerants. The corresponding amount of extracred water per mouth is
also, calculated and given. The total sum of the average values all-over the vear isalso
estimated and given in the same table. It is clear fromn results that the overall system pawer
output and the overall system efficiency for R717 hiave higher values cowpared to the other
refrigerants. Due 10 the extraordinary bigh enthalpy differcnce for R717. the circulating
refiigerant mass flow rate, mg has the lowest value compared to the ocher refrigerants. as
shown in Table (4). On the other band, the refiigerant R115 operating pressures are the lowest
compared with that of 1he other refrigeraats .as shown in Table (3). Therefore, R113 results
are the lowest. A plor of the manthly average daily overall systemn pawer output, for differen:
months, using these two reffigerants is given w Fig. (3], while Fig. {4) shows the overall
system efficieney for them. Both the overall systemn power output and efficiency vary with time
of the year, having lower values m summer months and higher values otherwise. However, the
to1al mouthly average dady energy is larger {a sumwmer due to the larger length of the sunshe
hours m Summer. Results in Tahle (5} have shown that the Ammeonia R717 yields 1 power
owpnt nf 163 Wim” and a system overall efficiency of 2.43 6 as an average over the yem
Using this refrigerant, the amount of extracted waler (from a depth ¢f 35 m) would be ahour
729 m’fyear. Figure(3) shows that the difference between the power ontput from R717 and
R113 is aboul 4 "o, Also. Fig. (4) shows that the differeuce berweeo the sysiem overail
2ffciency from R717 and R1ULG ¢ about 4 % This means that the resulix olthe chasen
reffigerants are close Therefore, he cliotce of apy of them as an operating fluid lor the svstem
mav onlfv depends on the envivonstiental. rechnological or cconomical aspects
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CONCLUSIONS

Thermai analysis of a solar powered pump, operated with a simple Rankine cycle.
which convert the solar energy collected from a flat plate collector to the necessary mechanical
power to drive the pump. Comparison between different refrigerants from the thermodynawmic
poimt of view is performed to select the moast suitable one to be used with the cycle as a
working substance. The analysis is based on the meteorologieal dara and incident solar
radiation for Toslike environment, in order to use its results in the Toshke project. The energy
balance equations for both the solar collector and the eycle are used to obain the produeed
power and the system thermal efficieney, at all months of the year. Analysis is also made for
the meteorologieal data of Swumer, Winter and all-gver the vear. Results have showa that the
Ammonia refrigeram R717 yields a maximum power output (about 16.3 W/m® ) and a
maximum system overall effieiency (about 2.43 %) when used as a working substance in
Toshke environment. Also, the amount of extracted water, from a depth of 35 m. per year is
about 729 m“;’year. Results for the selected refrigerants are also close, where the difference
between the output power between Lhem is only about 4 %. Therefore, the choice of any of
them as an operstmg fluid for the system may only depends on the envirommeulal,
technologieat or eeonomical aspects

NOMENCLATURE

A - Area (m’)

C, : Specific heat a1 counstant pressure (Ikg. °C)
G Amounrt of extracted water per monrh {m')

h : Enthalpy (Jkg )

I, : Total solar radiation intensity (Wim®)
L Lautude angle (degrees)
m : Mass flow rate (kg/s)
NTU: Number of transfer units B

Q : Heat gain per unit area (Wm")
Qs Solar radiation heat gain per unit area (W/m®)

Ry : Tile factor for solar beam component
Ry : Tilt factor for solar diffuse component

U : Overall heat transfer coefficient, [W:f'_mz. *C)
W Net cycle work per unit area (W/m')
W, : Overall system power output per unit area (W/m® )

Greek symbols
o : Absorbitivity of the collector absorher plate

B Collccror tilt angle {deprees)
§ . Deelinarion angle {degrees)
n . Efficieucy Py

ne  Camot cvele efficiency %

Nw : Rankine cyele efficiency %

8 : Logarithinic mean remperature difference ("0

p : Water density (kg/m' )

T Transimisivity of the collector glass cover
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SUBSCRIPTS

. amem

¢ condenser

[E heat exd‘langer

: ~cold

- . mechamcal

a ovenall

¢ pump

a . mefngerant

v evaporator

w . water
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Ref |  RI2 R22 RI13 R134a

voh |W (e |me [W [ng [me [W Iy low (W [ng |mg
1 |36 (888261 [3 914 [2.11 [354 876 {238 |354 |873 [2.04
2 1358192 (25 [363]933 199|323 [9.07 [2.28 352 [9.06 |1.95
3 273[908 [1.95 [276 192 | 134|268 [894 |1.76 | 26.8 |8.92 | 1.5
4 |168[740 15 [17 [76 |1.19)164 |73 [ 135|165 [739 |1.17
S 1142764 | 124 [144 1774 099|139 [748 [ 112 [ 14 {7.53 {0.97
6 |17.7)846 [1.39 [18 [859 | L1t [174 (83 [125 [174 [833 | 109
7 117 [838 [134 [172 185 [107 [166 [821 | 121 [167 {8.24 [ 105
8 [211(889 [1.56 [21.4 |90l 1125 206 (873 [14 207 [875 [123
9 {238[88 178 [24.]1 (893 [ 143|233 [864 |16 |234 |865 | i4 |
10 [33.90105 [2.05 [342 | 106 | 164 {335 [ 104 | 1.85 [353 [103 | 16
11 (403]10.1 [256 |41.5 | 102 |2.07 398 [993 [232 [402 [9.88 |2.02
12352892 [254 |356 |9.04 | 202|347 |88 [232 [346 /878 | 198
S [17.7]847 | 138 179 850 | 111173 |83 |1.24 [ 174 | 833 | 1.09 |
W_ 13741938 [256 |379 [951 {204 | 368 [9.24 [233 368 {922 12
Year | 2658097 1193 1269 fo1 |1.34 261 882 {174 [26.1 [8.82 [1.31
Ref. R152a R290 R600a R717

Monn_| W WRTmR W o [ne jme [W ng_ | me | W Mr__ | MR

! [36 1888]131]36 [89 |1.07]352]869] 1.06)36.7|9.06 | 0.34 |

2 1358[92101.25135819.22 1.02(35919.26 | 1.01]36.6 | 9.42 | 0.32

3 1272/9.08[097]2731909[0.79 [26.78388]0.78 | 27.8 | 9.26 | 0.25

[+ 1167746074 168]7.55 | 062 164173306117 |7.6(,019

5 [1414761]062|143[7691051]139]747705 [144[776]0.15

6 [17.6(841{069] 178849057 |17.5]8.27 )| 0.56 | 18.1 | 8.64 ] 0.18

F 169 183410.67]17 1839055165818 0.54| 17.5 | 8.54 | 0.17

(s 21 13.87[0.78)21.1]891]0.64)20.6]869]0.63]|21.5]909]02

9 1229848086 ]23.8881[074[232]859]0.72(243(9 023

10 |34 ]i05]1.03]339]105]0.84 3521030821349 108 027
11145 [ 161713 [40.9710.1 10640 [104] 10542 | 103|034

12 352893127353 (895! 104345875 1.03359 911033

S 11768447069 (7.77849 057 17382805618 |8.64 018

W 13747938 1283741939 1.05/366][918 1.04] 382956 - 0.33

Year | 26.5 (8960962661898 (0.79[2591877|0.78| 271 09.16 | 0.25

Table (4) Calculated values of the net cyvele wark output (W, W/m®), Raunkine cfficiency
{ Ny > %) and the required mnass low rate { wg x10™ kg/s m” ) for differem refrigerants.
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Ref, | RI2 I R22 R112 Ri34a
Moo | Wo 1o |Gu [Wo |16 [Guw |[Wo (o | Guw [Wo Mo | Ge
t (216234752 (222 241 (775 212 23174 (21223174
2 1215243707 218246 7171212239698 211239696
3 16424 [63 [166[243 6381161123662 [16.1]2.36]61.9
4 [10.0198[396 (1022 [403 70381193 [387[992(1.95](39.1
s 1851|202 363863204368 833.108[355184 |1.99!353
6 |106]223[448]1081227 455 (10421944 [105]2.2 |44.1
7 102221439103 (22444570 [217[431]10 |218]43.2
8 [12.6[2.35[526] 128238 533124230515/ 124]2.31]5L7
9 |143]232 5441451236 /553114 [228[533]14 [228]535
10 2040278 (75820528 |76.4 200 [2.74 74820 |2.73]744
11 [242[265(82.7[249[2560[851 (2397262817124 [261]825
12 [211%1236 727 204239 [737 1208 232 ]71.7]208 2352713
S [106]2.23 10.7 [ 2.7 104 | 219 104 22
W | 224247 22.7 ] 251 221 | 2.44 2211243 .
Year [15.9 237 (713 | 16.1 |24 [ 724 | 156 | 233 7:c [ 156233 | 700
; m'/y | Lmy | | m'sy B m'iy
Ref Ri52a R290 ' R600a R717
Mot | Wo No G We | ne G :W[} !nn G Wr | 1o —!Ew
1 12162341753 [216]235 7541211 220737 27 [239° 768
2 | 215243 (70812151243 (709 216|244 7112101248723
3 1641239629164 [24 183 1o T334 [616]167 245 [ 642
4 j10 |19703935]1071 199 598[08 11.93 387 102]2 402
5 848|201 | 361 8571203365183 | 197135486 |2.05 369
6F 106222 (445710722445 104 [ 218 [ 43.8[108(228 (457
7 10122 (437102222 44 o092 26 4281104 225|447
B [126]234 5241271235 527124220 51412024 [537
9 [ 13812.24 525 {143 [2.33 | 545 159 227[53.2] 146,237 [33.6
10 [204 278 758 [203[277 (7571109 2721741 21 286 78
1 1246126684 |246|20n 339 4 | 274,821 1252 273 862
12 2010236727 (2011236 (729207 231 712 215[24 742
S 10.6,2.23 106|224 4 [ 213, 1108 7208
(W [224[247 2257248 9 242 1229233
Year | 159 | 2.36 | 710 (159 237|713 136233699 [ 163 ' 243 | 720
L | m'ly : m'v, m'y | ! 'y |

Table {5} Calculated values of the ovarall vsiem power output (W . W/mo), svstem overail
efficieney (v, %) and the amonnt of exracted water per wonth (G, ™ menth ¥ for Jiffereny
refrigerants.
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