American J. of Engineering and Applied Science4)3§93-698, 2010
ISSN 1941-7020
© 2010 Science Publications

Optimization of the Geometrical Parameters of a Solar Bubble
Pump for Absor ption-Diffusion Cooling Systems

IN. Dammak!B. Chaouachi!S. Gabsi and\V. Bourouis
Department of Chemical Engineering and Processes,

National School of Engineers of Gabes (E.N.I.G),

Omar |bn El Khattab Street-6029 Gabes, Tunisia
*Department of Mechanical Engineering, UniversitywiRaiVirgili,

Avenida dels Paisos Catalans, 26, 43007 Tarra@pen

Abstract: Problem statement: The objective of this study was to optimize thergetrical parameters
of a bubble pump integrated in a solar flat platiector. Approach: This solar bubble pump was part
of an ammonia/water/helium (NHH,O/He) absorption-diffusion cooling systenResults. An
empirical model was developed on the basis of méumenmass, material equations and energy
balances. The mathematical model was solved ubmgimulation tool “Engineering Equation Solver
(EES)”. Conclusion/Recommendations: Using metrological data from Gabes (Tunisia) vasio
parameters were geometrically optimized for maximurbble pump efficiency which was best for a
bubble pump tube diameter of 6 mm, a tube length.®fm, an inclination to the horizontal between
30 and 50° of the solar flat plate collector armliamergence ratio between 0.2 and 0.3.
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INTRODUCTION numerically. The results showed that for the saet h
input, the second configuration desorbed the highes
The influence of the cycle configuration on theamount of refrigerant and the first configuration
performance of an absorption-diffusion cooling desorbed the lowest amount. The third configuration
system has been investigated by various researcheqmoved to be less efficient in terms of COP thaa th
Zoharet al. (2007) compared the performance of twosecond configuration. The first configuration gate
fundamental configurations of a Diffusion Absorptio lowest performance, although heat was supplied
Refrigeration (DAR) cycle, with and without directly to the rich solution.
condensate sub-cooling prior to the evaporator Shelton and Stewart (2002) developed a model for
entrance. They analyzed the performances of the twa bubble pump using two-phase flow correlations to
cycles by computer simulations and concluded that t establish the optimum design parameters. The
DAR cycle without condensate sub-cooling, at higherexperimental results showed that its performance wa
evaporator temperature of about 15°C, shows highemot sensitive to the length of the lift tube; hoeewt
COP of about 14-20% compared with the DAR cyclewas highly dependant on the submergence ratio.
with condensate sub-cooling. Subsequently, theyoyfmanet al. (2003) conducted experimental research
developed thermodynamic models for three generatoon the bubble pump performance. A solution mixuifre
and bubble pump configurations (Zohetral., 2008): organic  solvent and  hydrochlorofluorocarbon
That is, (a) heat input into the rich solution waitih heat refrigerant was used as the working fluid. It waarfd
transfer to the poor solution; (b) heat input itite rich  that the motive head is one of the parametersniwast
solution with heat transfer to the poor solutioomfing  influences the bubble pump performance. Changiag th
in the annular space and (c) heat input into teld ri motive head by 10% changed the mass flow rates by
solution through the poor solution, thus also desgy  about 40%. The authors concluded that a low motive
refrigerant from the poor solution, with heat tfendo  head provides higher refrigerant flow rates and,
the poor solution in the annular space. The perdoca  therefore, a higher cooling capacity. The maximum
of three DAR systems, which differ in their generat average generator temperature was below 90°C. Hence
and bubble pump configuration, was studiedthey concluded that a complete diffusion absorption
Corresponding Author: N. Dammak, Department of Chemical Engineering amtésses,
National School of Engineers of Gabes (E.N.I.G),a@ibn El Khattab Street-6029 Gabes, Tunisia
693




Am. J. Engg. & Applied i, 3 (4): 693-698, 2010

refrigerating system that operates with organivestis  Solar diffusion-absorption cycle: Figure 1 shows a
and hydrochlorofluorocarbon refrigerants may beschematic configuration of the solar heat driven
driven by low temperature heat sources, such & solammonia/water/helium diffusion-absorption cooling
thermal energy or waste heat. Chenal. (1996) system, consisting of a bubble pump, an absorber, a
attempted to improve the current cycle performasfce condenser, an evaporator, a rectifier, a heat exggra
the Diffusion Absorption Refrigerator (DAR). They and a reservoir. In this configuration the bubblenp
recommended using waste heat from the rectifier tdubes are integrated in the solar flat plate cadlec
preheat the weak solution leaving the absorberew n Ammonia vapor is separated from the rich solution
Generator With Heat Exchanger (GWHX) was (1) in the separator. The vapor (2) then risesdashe
designed, built and tested. The test results olXAR bubble pump and flows through the rectifier where
with GWHX were compared with baseline tests. Thewater vapor condenses (5) to join the weak solu®n
new generator design increased the cooling CORsby arhe pure ammonia (6) flows to the condenser,
much as 50% more than the baseline tests while theondenses (7) and flows to the evaporator. At the
cooling capacity remained constant. Srikhirin andevaporator entrance the partial pressure of thea@rianm
Aphornratana (2002) reported an experimental studyiquid (7) drops because it mixes with the heliunda
of a DAR cycle. The system was tested with heatiinp ammonia vapor (13) from the absorber, which causes
values between 1000 and 2500 W at a helium pressutke refrigerant to evaporate. The ammonia-helium
of 6.1 bars. The system cooling capacities weradou mixture (8) flowing in parallel through the sheifls of
to be between 100 and 180 W with a COP betweethe evaporator/gas heat exchanger enters the a@sorb
0.09 and 0.15. Chaouachi and Gabsi (2007) designeahd flows upward in counter flow to the weak sauti
and simulated an absorption diffusion refrigeratorentering the absorber at the top (10). In the diesor
using solar energy for domestic use. They concludethe ammonia vapor is absorbed by the weak solution
that the COP would be best when the system waand the solution obtained flows down into the resir
operated at a low generator temperature and higfill). Helium and ammonia residuals (12) flow toward
pressure. On the other hand, the numerical valfies dhe evaporator.
COP were still low and depended on the power of the
solar bubble pump. MATERIALSAND METHODS

In the present study, the new design of the bubble
pump proposed by Chaouachi and Gabsi (2007) was An empirical model was developed on the basis of
optimized. A model for a system consisting of alilab momentum, mass, material equations and energy
pump integrated in a solar flat plate collector wasbalances. The mathematical model was solved ubing t
developed and used to optimize the geometricafimulation tool “Engineering Equation Solver (EES)”
parameters of the solar bubble pump of an

ammonia/water/helium  absorption-diffusion cooling 1 N€oretical analyses: The following equations are
system. based on Fig. 2. Frictional losses at the entramdbe

tubes are considered insignificant and the stealtg s
flow is established.

Vapor Condenser

ammonia
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Rectifier Hai
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Fig. 1: Schematic view of the absorption diffusion
machine Fig. 2: Integrated solar bubble pump
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Momentum equation fromsRto “0”, from “0” to
“1” and from state “1 to 2" yield (Shelton and Staty
2002):

G(1 ¢
P,-R,= +—L| = -2 1
, ~ Ry =P 02 0 [2 ng (1)
Where:
G, = vep, (2)

Momentum equation from ;R to “2" gives
(vertical bubble pump) (Shelton and Stewart, 2002):

PV’

L
I:)2 = Psys+pm'g'L+ ftp 2 di (3)
2

For a bubble pump integrated in a solar flat plate rh1x1=

collector, Eq. 3 gives:

2

. v° L
P2 = Psys+pm'g'LS|nB )"— ftppm o (4)
2 d,
Where:
ftp - k ppoorv poord 2 (5)
upoor

K and s are the BLASIUS factor (K = 0.316 and

s = -0.25) (Shelton and Stewart, 2002)
Specific mass flow rate of the rich solution:
Gy =Vo, (6)

Because Ofpoor>>> puapous the velocity of the poor
solution is given by:

v -

poor —

G tot (7)
ppoor

2 2
Equation 1 and 4 giv{seglecting(i[—;—%]] :
Y

d
q, ) 1 L
G, = z- Lsin 2 —
o =| (PI9Z-Pn B)[K{HWJ 2pmd2]

The submergence ratio is defined as:

\LT5

(8)

_z
sub= m (9)
and:

H =Lsin(@) (20)

For a bubble pump using tubes, the specific mass
flow rate is given by:

m = % ntG,,m.d; (12)
Mass energy balance at the generator:

M = Mo+ Ms (12)

rﬁz y, + m.3x3 (13)

Q,=meh,+ m h- m h (14)

Useful solar heat (Sukhatme, 1997; Kalogirou,
2006):
Qu = Ac((p_ UL(Tf _Ta) (15)

Liquid, gas and global efficiency are defined as:

The gas efficiency: E= My (16)
The liquid efficiency : E =% (17)
The globalefficiency: E= E .E (18)

Calculation procedure: The basic input data of the
system shown schematically in Fig. 2 were: condense
temperature (J= 45°C), absorber temperature,{F
45°C), evaporator temperature ((T= 15°C). The
calculation sequence was as follows:

e Calculate solar intensitypf (Liu and Jordan, 1960;

1961)

Calculate the Pressure of the systeg(Bsing the

condenser temperature

e Determine the rich solution concentration)(x
using the P-T-x relationship for the ammonia-water
solution at equilibrium (Zohaet al., 2005)
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» Adjust the outlet temperature of the generatg) (T
until it satisfies the equality between the energy 8.000x1077 [
balance of the generator {Qand the useful solar
heat (Q) using Eg. 14 and 15 (since the useful heat
available from the collector is transferred to the
rich solution in the generator)

» Determine the poor solution concentratiorg) (X
using the P-T-x relationship (Zoheral., 2005)

e Calculate the refrigerant concentratiorp)(yThe

6.000%10771

4.000%1077F

g (kg kd D%

4 2.000%1077F
NHsH,O procedure called from EES provides the . . .
thermodynamic properties of ammonia water 0.2 03 0.4 0.5
mixtures in saturated conditions Sub

» Calculate the mass flow rate of rich solution;ym
poor solution (rg) and the mass flow rate of Fig.5: Global efficiency Vs  submergence iorat
refrigerant (ng), using Eq. 12 and 13 (@y=06kWwm3iL=15mandd=6mm

» Calculate the gas efficiency, the liquid efficiency (month-8-))
and the global efficiency (Eq. 16-18)

RESULTSAND DISCUSSION

0.0048 +
Figure 3-9 showed the most significant results —_—
obtained by simulation with the Equation Enginegrin —~
Solver (EES) software. o 0.00321
' = 00024
08t ./ N\ e f=130° ;"
/// ““\\\\:« = E :ig 0.0016 [ -
/ L ]
0.6k ?; \E\ *E;g ] 0.0008 | 1
/ \\ it e g e
< N f o I B
E gl \\‘\\ | 0.2 0.3 0.4 0.5 0.6
= / L Sub
= /f o \\ )
0.2 “/ o 2 \A B H . H H e e
2 e s % Fig. 6: Liquid efficiency and gas efficiency Vs
_y' " A . —
£ o }\k. T submergence ratiap{, = 0.6 kW m?% L = 1.5
0 ‘ s : ‘ - - m and d = 6 mm (month-8-))
6 3 10 12 14 16 18
Time (h)
) _ ) _ 0.0024 —»—QI= 150W L
Fig. 3: Solar intensity Vs time (day 01/08) —Qu=300 W /./
—-Qu = 500 W Use of thé& solar flat plate collector
0.8 . : T 0.0018F - g, 1
- e % — e m / _7_,,,.,--—"""7_-7‘_
0 SR = A
ey £ o002} -
0.6 Y T ,
E gal —p=30° T o000t ST | T
g — p=40° s e
= 03 o iS00
—= B =90° P
02 0 0.4 0.5
0.1
& 6 8 10 ll” 14 16 .
N m- Fig. 7: Mass flow rate of generated vapour and mdnp
ime (h

liquid Vs submergence ratigi. = 0.83 kW m?
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ga00-107F i ' ' ' ‘ ‘ ] ratio ranges can be identified. In the first ragebal
) efficiency increases when the submergence ratio
AN //;H‘"'}a increases. This can be explained by the fact thgt a

£ 77004107 ..x;i;r-r'::is;::::::i:;: ----- - increase in the submergence ratio increases the mas

5 '\\ flow rate of the rich solution. Hence, the massvflof

S \ iiié$$ the pumped liquid increases and_ the mass flow ef th

= ool \ o d=8 mm | gengrated vapor decreases (.F|g. 6) so the _global
h \ —-d=10mm efficiency (defined as E&E) increases. At high

\ submergence ratios (after reaching the maximum),
however, the global efficiency decreases because th

83— e 07 s mass flow rate of the rich solution increases cayitiie
6 (KW m™) mass flow rate of the refrigerant to drop sharplig(6)
compared to the mass flow rate of the poor solution
Fig. 8: Global efficiency Vs solar intensity at fdifent Under the operating conditions ;7= 45°C,
tube diameters. (L= 1.5 m, sy 0.253,,=40° Tc = 45°C, T, = 15°C, By = 40°, suf = 0.25,
(month-8-)) @=0.83 kW m? n=6 and A= 3.8 nf, the cooling
capacity of the diffusion absorption machine wagatq
R —-—‘Psvs. - 13.51 b‘ar 0 450 W. . .
0.0000014 - goaeremmeme '\.\ . Psys. = 15.50 bar ] In order to determine the minimal values of the
"\ ~+Psys.=17.82 bar submergence ratio, the variation in the mass flate r
4 0.0000012 '\\ 1 of the generated vapor and pumped liquid vs.
= . submergence ratio has been illustrated in Fig.he T
£ 1000x10°sf e ——y . 1 intersection of the curve giving the mass flow rafe
e SN the generated vapor and the curve giving both the
$.0000105F . o eeamne “‘"\5_ | generated and pumped solution gives the minimal
T submersion ratio v+ m =m, givesm= (). Figure 7
6'000“0_: . ] shows that the solar flat plate collector cannoubed
2 2 &0 3

with submersion values under 0.18 (the temperature
required in the generator is too high).
. - Figure 8 Illustrates the variation of global
Fig. 9: Global efficiency Vs tube length b 0.25, - . . .
g Bay= 40° and d =y6 mm (monthg-ls-))(%u efficiency vs. solar intensity for tube diameteedvizeen
a 4 and 6 mm at L = 1.5 m, sylx 0.25 andB,, = 40°.
Figure 3 and 4 illustrate the hourly vadat of Performance is most efficient when the bubble pump

solar intensity obtained by the Liu and Jordan (t96 uPe diame}zers are equal to 6 mm (corresponding,to
1961) model for the region of Gabes in Tunisia.aBol = 0-6 KW m"). This can be explained as follows: If the
intensity was maximum at 11.30 when the inclinationbubble pump tube diameters are over 6 mm the flow
angle of the solar flat plate collector varied begw rate of the rich solution increases when the heatiis

30 and 50°. This can be explained by the fact that constant. Thus, the poor solution flow rate incesas
winter, when the trajectory of the sun in the skyow, and the refrigerant flow rate decreases, resuling

the inclination angle must be high. However, it isdecrease in the global efficiency.

recommended for the inclination angle to be lowirtur Figure 9 shows that the system pressure has
the summer months when the sun in the sky is highegonsiderable influence on the global efficiencyisTis
(Solar radiation is perpendicular to the collector) because the decrease in the system pressure (seanea

The variation of the global efficiency, gas the absorber and condenser temperature) improves
efficiency and liquid efficiency of the solar bubbl absorption and the mass flow rate of the rich smut
pump with submergence ratio at different solar flatincreases which increases global efficiency.

plate inclination angles of the solar collectorsigown Global efficiency values for a system pressugg P
in Fig. 5 and 6. For inclination angles of the sdlat = 17.82 bar (7= 45°C) were highest at a tube length of
plate collector between 30 and 50°, the optimall.5 m (Fig. 9). When the tube length increases, the
submergence ratio varied in the range 0.2-0.3. collector area increases so more heat is supmigdet

As can be seen in Fig. 5, global effickeis  rich solution witch in turn increases the global
sensitive to the submergence ratio. Two submergencefficiency. When the tubes are too long (over 2 timg
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submergence ratio (defined m=%, where Liu,
H =LsinB) decreases. Hence, the mass flow rate of the
rich solution and the global efficiency decrease.
CONCLUSION Liu,

A model of an integrated solar bubble pump was
developed. Various parameters were geometrically
optimized for maximum global efficiency by computer
simulation. It was found that efficiency is best @
bubble pump tube diameter of 6 mm, a tube length of
1.5 m, an inclination angle of the solar flat plate
collector between 30 and 50° and a submergence rati
in the range 0.2-0.3. In order to determine theinmah
values of the submergence ratio, the mass flow rate
variation of the generated vapor and pumped lignsid
submergence ratio at different values of usefut hees
studied. It was found that when the submersiororati
was too low, the solar flat plate collector coulnt be
used.
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