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ABSTRACT

Absorption refrigeration systems,
numerous advantages, are generally characterizedowy
Coefficient of Performance (COP). Absorption enteamnent
has been considered an effective way of improviregGOP of
the refrigeration systems, and magnetic enhancemmente of
these. The literature is sparse on the use of ntiagield for
the enhancement of absorption refrigeration systems
numerical model of magnetic field enhancement inmamia-
water absorption systems is presented in this paper

The flow within the film thickness to the absorber
wall was considered as two-dimensional steady lanfiow. A
finite difference model was developed based on
conservation of mass, momentum, energy equatiodsrass
transport relationship. Macroscopic magnetic fitddce was
introduced in the model equations. The model wdilai@d
using data obtained from the literature on ammauikution.
Changes in the physical properties of ammonia wwiutvhile
absorbing, both in the direction of falling film é&racross its
thickness, were investigated.

The distribution of the physical properties of anmiao
solution within the film-thickness was not signéiutly
different (p<0.05) from results in the literatufEhe magnetic
field was found to have positive effect on the ammaewvater
falling film absorption to some degree. When maignet
induction intensity at the solution’s inlet was laAd 3Tesla
(T), the increments in concentration of ammoniautoh at
outlet was 0.004 and 0.01, respectively. Relativ®.0 Tesla,
the COP of simple ammonia solution absorption gefiation
system increased by 1.9% and 3.6% for magneticciimhu of
1.4 and 3.0 Tesla respectively.

A numerical model for the magnetic field enhanceme
of the ammonia absorption system was developedorfkien
performance enhancement increased with magnegasity in
ammonia solution.
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despite having

the

INTRODUCTION

Modern energy for industrial development is largkised on
fossil fuels which, along with other human (i.etranpogenic)
activities, have beeanequivocally shown to besponsiblefor
the warming of the climate system. Further, gldbateases in

CO, concentrations are, according to the UNFCCC, due

primarily to fossil fuel use, with land-use changeUC)
providing another significant but smaller contribat Thus,
with this global awareness, there is the annuahaté change
talks among the United Nations member States wheiens to
stem the rising levels of GHGs through mitigationda
adaptation activities, among others, engage the braesn On
the mitigation side, activities include reductian the use of
fossil fuels through energy efficiency measureghbon the
supply as well as the demand side; uptake of reblevenergy
technologies as well as other clean energy techiedo

The drive for both renewable and clean energy telcigies has
similarly impacted on developments within the cogli
technology sector. Cooling system basically maydbeded
into two categories; Vapour compression system sorgtion
system. Sorption system is further sub-divided mbsorption
and adsorption systems. Vapour compression systeolves
the use of a mechanical work such as that of a oesspr for
the compression process; An absorption systemniplgithe
replacement of the mechanical compression with exnib
chemical fluid lifting process. In other wordsistthe mixture
of a gas in a liquid, the two fluids presentingrarsg affinity to
form a solution, while adsorption is a process tdwurs when
a gas or liquid solute accumulates on the surfée slid or,
more rarely, a liquid (adsorbent), forming a molacuor
atomic film (the adsorbate ).

In the manufacturing of cooling machine/systems th
global demand for efficient use of energy at minimu
environmental cost has necessitated the increasedmt for
absorption refrigeration systems driven by wastat loe solar
thermal energy instead of conventional
compression systems driven by electrical energye Girrent
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imbalance of energy demand and supply coupled with
environmental degradation and climate change imipaatany
developing countries has further increased thenirgeed for
highly efficient and sustainable energy technolsgie

In the absorption process, heat and mass transtedly
take place within a thin-liquid falling-film. Heatnd mass
transfer in thin-liquid falling film absorption pcess has
received the attention of many researchers over yiws
especially in the last two decades. This is agsalt of its
wider application in many modern devices such ardtion
air-conditioners, absorption chillers, absorpti@ahpumps etc
[7]. Absorption enhancement is an aspect of abmorpt
refrigeration that has also attracted the attentafn the
researchers. Absorption enhancement is an effeatizg to
improve the performance of absorption refrigeratiystems.
Generally, there are three kinds of methods in gitiem
enhancement [9].The first kind falls under the gaty of
mechanical methods, which improve the performange b
modifying the shape, surface and structure of &t transfer
tubes[10]. The second kind comprise chemical methods which
involve the addition of surfactant in the absorbesiile the
third kind is the addition of nano-particles in thbsorbing
solution e.g Cu, CuO and Ab; nano-particles added into
ammonia-water solution [9], Fe and Carbon nanoguj@NT)
in lithium bromide-water solution [8]. Research mano-fluids
/ nano-particles in absorbent are categorizedfimeoogroups(i)
stability analysis and experiments; (ii)property asgrement
such as thermal conductivity and viscosity;(iii)gentive and
boiling heat transfer;(iv)mass transfer in binagnafluids; and
(v)theoretical analysis and model development.

However, the effect of magnetic field on absorption
refrigeration system is seldom mentioned in therditure apart
for its established influence on the absorptioncess in
ammonia vapour into ammonia-water solution absonpti
refrigeration system [5]. The magnetic field magrédfore also
have certain influence on the absorption processothrer
absorption refrigeration systems such as water wapato
lithium bromide-water solution absorption systemehhanced
absorption process study, [12] investigated expemntally the
effect of additive on falling film absorption of tea vapour in
aqueous LiBr. The experimental results showed #raall
amounts of additive can enhance the heat tran$f@bsorption
process significantly, and the enhancement degradlienced
by additive concentration and Reynolds number. Base a
dimensionless analysis of the Navier-Stokes equstapplied
to the falling film absorption process, a new disienless
parameter, surface renewal number Rn was introdumed a
semi-empirical equation of enhancement factor dfitacc was
obtained, which shows that the enhancement effeatiditive
on Nusset humber of absorption process is detedriyethe
absorption Marangoni number Ma, the surface Marango
number MaA, the surface renewal number Rn, the ratiea
number, and the Reynolds number Re. It was proved theat th
semi-empirical equation can agree with the expentalegesults
well by introduction of the parameters relatedudace tension
into the equation. The study concluded as folladere is an
optimum additive concentration in which the enhanest
effect of additive is strongest, ii.The Marangonimber Ma,
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the surface Marangoni number MaA, and the surfacewal
number Rn enlarge the enhancement of the heafératsring
absorption, iii. The adsorption numbegr reduces the heat
transfer of absorption, and iv. The enhancementtofac
decreases as the Reynolds number increases. Aniregpéal
study [8] also obtained the following results: (he vapour
absorption rate increases with increasing solutitass flow
rate and the concentration of Fe nanoparticles @Nd. The
effect of coolant mass flow rate on the vapour gltsan rate is
not significant under the experimental conditiofi$, The heat
transfer rate increases with increasing the solutiass flow
rate while it is not much affected by the concetitra of
nanoparticles, (ii). The mass transfer enhancenennuch
more significant than the heat transfer enhancenmente
binary nanofluids with Fe nanoparticles and CNTJ éw). The
mass transfer enhancement from the CNT (average farl
0.01 wt % and average 2.48 for 0.1 wt %) becomgldmithan
that from the Fe nanoparticles (average 1.71 fot &t % and
average 1.90 for 0.1 wt %). Therefore, the CNT ibedter
candidate than Fe nanoparticles for performancermm#ment
in H2O/LiBr absorption system.

An experimental investigation into the effect afernal
magnetic field on falling film absorption in an amnia-water
system [13] was conducted by Xiao Feng Niu et &0@0. The
study established the following findings: (i) Extal magnetic
field with the same direction as falling film hashancing
effect on absorption of ammonia-water, and the qdtim
enhancement is more obvious in stronger magnegid,fi(ii)
Not all magnetic fields can enhance the ammoniaemat
absorption process. While the external magnetild fegainst
the direction of falling film is exerted, the abgtion variables
in magnetic field are all smaller than those in antional
absorption without magnetic field exerted. The neignfield
with direction against falling film weakens the alygtion of
ammonia-water (iii)The absorption can be more is¢eif the
external magnetic field is combined with optimalecgting
conditions. Experimental results show that the geanin the
outlet cooling water temperature, absorption heatd a
absorption mass with and without external magnéietd
exerted, are larger when the inlet solution cornedion is
lower.

In the area of numerical modeling of enhanced
absorption system, [13] established the matheniaticael for
magnetic field enhanced absorption process for amanwater
solution on a falling-film. The changes in physipabperties of
ammonia-water solution in absorption, the variatafrfalling
film and the convection in the direction of thickseof liquid
film were considered in the model. The effect &f thagnetic
field on the distribution of some parameters inirigHfilm
absorption, such as velocity, temperature and curaton
etc., was obtained. The numerical results obtagtexnved that
magnetic field can improve the performance of amimaevater
falling-film absorption, and that the absorptiomesgthening
effect increases with the enhancement increasingneii
induction intensity. The strengthening effect wiasted within
the magnetic field intensity range of 0-3 T, howevhe
strengthening effect was observed to be strongestrionger
magnetic fields. For both un-enhanced and enhaalosarption



cooling systems, several working fluids have besestigated,
among which are Lithium bromide-water (LiBr®l), Lithium-

Chloride Water (LiCI-HO) and Ammonia-water (N+H,0) all

of which are popularly used in single-stage andaaded
absorption air-conditioning/heat pump technology.

In  engineering problems, either probabilistic or
deterministic methods could be used depending erddgree
of accuracy required of the solution while validaticould be
carried out using experimental data or exact aitabglutions
where such exist. Absorption process enhancemedérua
magnetic field has been established as having fettebn
falling-film Ammonia-Water absorption [13], but nain a
smooth thin-liquid falling-film. This present papé¢hnerefore
employs the finite difference method for estabhighivelocity,
temperature and concentration distributions in reéignfield
enhanced absorption process on a smooth thin-liéalishg-
film using ammonia-water refrigerant/absorbent covation.
The results have been compared with those obtdipdd3] in
the falling-film. Such an investigation would reVeactions of
the absorber that might need to be redesigned tanuaterial
re-specified,e.g for optimal efficiency of refriget absorption
by the absorbent. The smooth thin-liquid fallinrfiis quite
different from non-smooth in the sense that thea-thickness
in the smooth is defined and non wavy like non-sthhaghich
is usually complex to analyse to obtain completd ealiable
result.

NOMENCLATURE

n [kg/m/s] film dynamic viscosity

Vo [mis] Mean velocity

a [m?s] thermal diffusivity

k [W/mK] Thermal conductivity of the fluid
p [kg/m?] liquid density

D [m?s] species diffusivity

B [K*] cubic expansivity of fluid

Tw [°c dimensional wall temperature
Tin K] inlet refrigerant temperature

Cin [%] initial absorbent concentration
Cec [%] equilibrium absorbent concentration
g [m/is] Gravity

ho [m] Mean film thickness

v [m?s] kinematic viscosity of fluid

Ha [kJ/kg] heat of absorption

Pv [mm. Hg] absorbent vapour pressure
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Mathematical Model

Assumptions

In developing the governing equations for this flow
modeling of the absorption process in a smooth-thin
liquid film, the following assumptions are made.

i. The flow is a fully developed steady laminarvilas
shown in fig. 1.1a hence velocity (v) in Y-direatits
zero

ii. The fluid properties are constant and not vagyivith
temperature and concentration.

iii. The mass rate of vapour absorbed is very small
compared to the solution flow rate such that thm fi
thickness and flow velocities can be treated as

constant.

iv. Heat transfer in the vapor phase is neglgib

V. Vapor pressure equilibrium exists between thpoua
and liquid at the interface.

Vi. The Peclet numbers are large enough suah tthe
diffusion in the flow direction can be neglected.

Vii. Diffusion thermal effects are negligible.

viii.  The magnetic induction intensity decreasesgdirly
along the flow of falling-film.
iX. The shear stress at the liquid—vapor interface
negligible
Some factors which can not be neglected in buildimd
solving mathematical model are listed as follows:

i. the properties of ammonia-water solution are

changeable in the absorption process

ii. the convection along the thickness direction of
film is not ignored

Then, corresponding to the coordinate system shown
Figure 1 the X-axis is along the falling directi@md the Y-axis
is along the thickness direction of the falling¥il The velocity
component in X and Y axis are u and v respectivdbat
transfer is described as the following energy d@quoat

oT oT _d oT
ul v pc v =2

PCp ox PCp oy Oy( ay]
(1a)

In a similar way, the continuity equation, trangpequation [2]
and mass equation can be described as follows:

o), ol _

1b
0x ay (1b)
0°u
W+3—2°0+pg+fmg—0 (1c)
o0& o 0 o0&
— N =— —| @d
W% =2, %) o



Where ng [4] in the above equation is the magnetic force

which the falling-film solution experienced per umdlume. It where X is the magnetic mass susceptibilitid is the
is in the direction of downward vertically.
BZ
J.mag = PX (le) wherey is the magnetic magnetic induction intensity| is the length of falling-film
l"uo flows, U, is the vacuum permeability, T is temperatufe,is

mass susceptibility of either Lithium bromide and_ghium
chloride water solution, B is the magnetic induetintensity, |

is the length of falling-film flows, and//, is the vacuum’s

concentration (absorbent), is thermal diffusivity, D or R is
species diffusivity,V, is the average velocity within the film

permeability, u is the velocity in the film in X+eiction and thickness and, is the film thickness
1
h 3 2
VO='0go or h0=—’uvO y
3u Jos

From the above-mentioned assumptions, the finalehseit of h)
magnetic enhanced transport, heat and mass traed@tions
on a smooth thin-liquid falling-film correspondintp the
coordinate system shown in figure 1 will now be:

aT 07T u
U—-0_— =0 (1e) ﬁ\)/

ox oy

(pu) ig
0~—~=0 (af)

0x
0°u . Vv, 2
943 Yo 4 pg+ 22 =g (9
oy h% |14, £
uaf—D 625—0 (1h) X

oX m 0y2 Figure 1: 2-d representation of a thin-liquid falling-film

The final model magnetic enhanced velocity fiel@éathand BOUNDARY CONDITIONS

mass transfer equations on a smooth thin-liquichtaffilm in a At x=0; u=i T=Tpand &= fequ“
cooling system are: _ 1)
d°u ou 4 V2 + g+ 228 0xB? ) At y=0; (non permeable wall);
dy* b’ o u=0T=T, K %=
Loy
T o0T (1 S
ox oy’ At y=hy; —Ka—T—pD f ¢ = Sequil (T, R)
aq{ 625 (1n)
u—- —=0 1k -liquid i =h.:
X "oy (1k) At the vapour-liquid interfacey = h,;
(@J =0,R, =(T,,&,) = const.
Y )0

Where H, = Heat of absorption[,,= Wall temperatureP, =
Vapour pressure and
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5equ“ (T,P,) = equilibrium concentration at the interface Temperature .and co_ncentration of the _faIIing—fiIritmm_the
bulk in X-axis or direction of the falling film avarious

magnetic induction intensities in NHH,O solution. Both the
table and figures established that the velocitystibnger
SOLUTION OF THE MODEL EQUATIONS magnetic field is larger than that of the weakes.ofhe T-Test
analysis results established that the velocity, Jenature and
concentration distributions for ammonia-water wa®t n
significantly different (p>0.05) from published s in
literature as shown in the Tables 2, 3, 4 Figurés 20 and 11
to 12

temperature and ambient vapour pressure.

The solution technique used is Gaussian eliminag@reme as
modified by Paynes and Iron on the digital computérhe
computer program is written in FORTRAN 90 language.

Computer Code
The computer code solves equations (1i, 1j) & (lk)ng

modified Gaussian elimination scheme. Independent Samples Test

vene's Test f
ality of Varian

Table 2NH5-H,O Velocity T- test analysis

-

-test for Equality of Means

DATA EMPLOYED B% Confidend

The data utilized from the literature are as shawhable 1 b% Conlidenc
Mean |td. Errq_Difference

F Sig. t df ). (2-tailgifferendifferengLower |Upper
Table 1 NH5-H,O Data [13] Velocity @ O'fgsuuar:g 023 .881| 234| 24| .817}01292 05526 {10114 12698
i film dynamic viscosity = 4 x Itkgm Egl”:g:r: 23413.992| 817 |01292 J05526 {10114 12698
1- .
S - ) Velocity @ 1.« Eg:jr:g 084| 775| 382| 24| 706 |02192 |05745 P966S 114050
govacgzum Permeability = 1.257 x’10 -
kgmA % o e 3823.942| .706 j02192 J05745 PI667 [L4051
Uin In_ltlall veloc@y = 0.362 a Velocity @ 3'(52:&:"33 018 | .893| 507| 24| .617}02908 J05740 P8930 14754
p Liguid density = 127kgi £
L. ) qual var|
K Thermal conductivity = 176WnK™* not assuny 50713.961 | 617 102908 J05740 PBIAO L4755
T. Wall Temperature = 3e
T Inlet Temperature = K3
Ci, Initial absorbent Conc. = 20%
Ceq Equilibrium absorb. Con = 20%
h, Mean film thickness = 1.00 x o
Pv. Absorbent Vapour Pressure = 7.02mm.Hg
H - - a4l.uu
| Film mass flowrate = 0.01kgts®

46,50

b

PROCESSING OF RESULTS 3950 /

The continuity, momentum, energy and species mass 39.00
transport equations presented earlier were codadciomputer //
algorithm using FORTRAN programming coding language 90

%

Velocity X 1/100

The code was run on a personal computer with seffic 3800 / :T:::i?@@fdo:f
memory facilities to carry out the simulation exsec The 750 L R @ 30 Tesls
parameters utilized [1] in the literature, [7] aji®] as shown

in Tables 1 have also been used. The domain areaiwiaed 37.00

into 13 x 5 mesh evenly spaced in both the diractibfalling 3650

1m (x) and in the direction of film thickness3en (y) in this r

paper. The results are presented graphically iméx section. o0

The results cover the velocity, heat and mass aizalg both 35.50

the direction of falling film and across its thicss. 000 020 040 0G0 080 100 120

Metre

RESULTS IN THE DIRECTION OF FALLING-FILM
Figure 2 NHz-H,O Velocity Distribution in the film

The distribution of the significant parameters afd in the comparison @ 0.0, 1.4 and 3.0Tesla

direction of the falling film for Ammonia-water (NyH,O)

solution agrees quite well with the existing litera results.

For example Tables 2, 3, and 4 and Figs 2 to 10Fagsl 11

and 12 represent the distribution of average vsloci
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41.00
4050 P
40.00 /
3950 j
39.00 7
2 7.4
g)(’\ B /
; Z
&
000 020 040 060 080 100

1.20

Figure 3 NHs-H,O Velocity Distribution in the film

comparison @ 0.0, 1.4 and 3.0Tesla

Velocity X 1/100

i
il

0.20 0.40 0.60 0.80

Meter

1.00

120

—4—Vel. @ 0.0 Tesla
==Vel. @ 1.4 Tesla
Vel. @ 3.0 lesla

Figure 4 NHs-H,O Velocity Distribution at the film interface

Comparison
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Table 3NH5-H,O Temperature T- test analysis

Independent Samples Test

ene's Test|
ity of Varig t-test for Equality of Means
o Confider
terval of th
Mean|d. Err[Difference
F |[Sig.| t | df | (2-tailfferenfferenlowelppe
Temper: Equal v| I
result at assume .029(.865(.031| 24| .975|.077p.479).039}.193
Equal v
P
not ass .0311.980| .975|.077 p.479{.039}.193
Temper: Equal v| I
result at assume .029|.865(.031| 24| .975|.077P.479}.039}.193
Equal v
b
not ass .0311.980| .975|.077 p.479{.039}.193
Temper: Equal v| I
result at assume .029(.865(.031| 24| .975|.077P.479}.039}.193
Equal v
P
not ass .0311980| .975|.077 p.479{.039}.193
35.00 |
n
u
N
25.00 &

¥ e

£ ¥

= |

T 2000

= \"

E " - ~B=Lit. Result (@ 1.4 Tesla
B —n Lit. Result (@ 3.0 Tesla
10.00
5.00
0.00

000 020 040 060 08 100 120
X(m)

Figure 5 NH3z-H,O Temperature Distribution in the film
comparison @ Lit. Results




4000 Table 4 NH5-H,O Concentration T- test analysis
Independent Samples Test
n a pvene's Test f
= ality of Varian t-test for Equality of Means
n - % Confidenc
2500 I Interval of the
2 R Mean ftd. Errq_Difference
2 i F Sig. t df _p. (2-tailejifferenclifferenc|Lower |Upper
g 2000 LY —a—Present Result @ 0.0 Tesla Concentr: Equal vari
g = . @ 0.0 Tes assumed .015| .904 | .857 24 1400 | .0183 | .0213 }.0257 |.0623
2 Bep ——Present Result @ 1.4 Tesla Equal vari
.00 = ; not assun .857 13.993 4400 | .0183| .0213 .0257 |.0623
Concentr: Equal vari
10.00 @ 1.4 Te: assumed .013| .911| .888 24 .383 | .0195 | .0219 .0258 |.0647
Equal vari
not assun .888 13.993 .383 | .0195 | .0219 .0258 |.0647
500 Concentr: Equal vari
¢
@ 3.0 Te: assumed .009 | .924[1.113 24 277 | .0250 | .0225 .0214 |.0713
non Equal vari
e e 1113 13.994| .277|.0250| .0225 }.0214 |.0713
000 020 040 060 080 100 120 not assun

Figure 6 NH3-H,O Temperature Distribution in the film
comparison @ Present Results

40.00
35.00 =_.ij""‘.__ ’
1000 30.00 _/r—::
. E g
BO00 BTN 5 B0 /
- £ 2000 H
- B
’ n g —B-Lit. Result @ 1.4 Tesla

, Ao il £ 1500 Lit. Result (@ 3.0 Tesla
£ n “
|5 n
z w0 " —~—Vel. @ 0.0Tesla 10.00
a
E B =f=Vel. @ 1.4 Tesla

15.00 L] Vel. @ 3.0 Tesla 5.00

10.00 0.00

000 020 040 060 080 100 120
500 Xm)
0.00 Figure 8 NH3-H,O Concentration Distribution in the film
000 020 040 060 080 10D 120 comparison @ Lit. Result
Meter

Figure 7 NHs-H,O Temperature Distribution at the film
Interface Comparison
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30.00

2500

15.00

ConcentrationX 1/100

——ricsdiil

Resiilt @ 0.0 Tesia

Present Result ¢ 3.0 Tesla

0.00

X(m)

Figure 9 NHs-H,O Concentration Distribution in the film
comparison @ Present Result

40.00

35.00

30.00

25.00

20.00 %

15.00

Concentration X 1/100

10.00

5.00

0.00

== Conc. @ 0.0 Tesla

—._an

¢ @1 4Tecls
== LONC & 1.5 1853

Conc. @ 3.0 Tesla

0.00

0.20 0.40 0.60 0.80 1.00 1.20

Meter

Figure 10 NHs-H,O Concentration Distribution at the film
Interface Comparison
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4.2: Coefficient of Performance (COP) for NH-water
absorption Refrigeration

Coefficient of performance (COP)
refrigeration system is obtained from;

of an absorption

COoP
coolingcapacityobtainedatevaporator

heatinput for thegenerator work inputfor thepump

or
_ Concentrdbn at theoutlet

Concentréon at theinlet
The work input for the pump is negligible relatite the heat
input at the generator; therefore, the pump workoften
neglected for the purposes of analysis.

COP x100

From the result

At 0.0 Tesla, COP =0.3518/0.2 x 100% = 175.9%

At 1.4 Tesla, COP = 0.3555/0.2 x 100% = 177.75%

At 3.0 Tesla, COP = 0.3590/0.2 x 100% = 179.5%
Increment at 1.4Tesla relative to 0.0Tesla 179%15Y % 1.9%
Increment = 179.5% - 175.9% = 3.6%

RESULTS IN THE DIRECTION OF THE FILM
THICKNESS (9)

The velocity distribution across the film thickness
direction at sections X=0.25m in three different gmetic
induction intensities are shown in Figures 11 to. ¥
dimensionless parameter of dis used as the abscissa. It is
seen from Figures 11 and 12 that with the increafs¢he

magnetic induction (), the velocity increases at X= 0.25m,

for NHs-water solution. This could be explained as follpws
the inlet section, absorption just began in annsg¢eway and
the film thickness is very thin, the absorption amtement
effect by magnetic field is obvious, turbulencedinection of
thickness therefore are more intense due to theveabo
mentioned reasons. Velocity variations along thiktiess
direction at the selected section have the tendehicreasing
from absorber wall to the vapour-liquid interfaceestablished.
This indicates that the refrigerants vapour inwwrking fluid
permeates towards the inner solution from the vefiquid
interface. When the liquid film drops, the increaseelocity is
slowed down. Thus the result establishes positifleénce of
the magnetic field enhancement on the working fluid

x100



40.00

35.00

30.00

25.00

20.00 —4—Vel. @ 0.0 Tesla

Vel @ 1.4 Tesla
15.00

Velocity X 1/1000

Vel. @ 3.0 Tesla

10.00

5.00

0.00 B—i—il

y/film Thickness

Figure 11 NH3-H,O Velocity Distribution in the Direction of
Film Thickness @ X=0.25r{Literature Result)

160.00

140.00

120.00

100.00

80.00 -
—4—Vel @ 0.0 Tesla

—@—=Vel. @ 1.4 Tesla
Vel @ 3.0 Tesla

60.00

Velocity X 1/1000

40.00

20.00

0.00 M=l
0.00 0.20

0.40 0.60 0.80 1.00 1.20

-20.00
y/film thickness

Figure 12 NH3-H,O Velocity Distribution in the Direction of
Film Thickness @ X=0.25rPresent Result)

CONCLUSION

The absorption process modeling of a smooth tljuidi
falling-film in Lithium bromide-water absorption stem in
magnetic field enhancement medium has been unéertdihe
developed mathematical model for the magnetic field
enhancement of lithium bromide water absorptiortesyswas
established. The model equations were developeoh fiize
continuity, momentum, energy, concentration or sgEe@nd
mass transport equations. The changes in physicpkepies of
the working fluid in absorption system within th@aoth thin-
liquid film thickness along falling and across tfilen in the
direction of its thickness were considered in thedsaling.
Distributions of parameters in falling-film absagt, such as
velocity, temperature and concentration in the iappbn of
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magnetic field were obtained. The distributions tfe
parameters were obtained in both the directionatiinfy-film
and across the film thickness.

The numerical results obtained show that magriietid
improved the performance of lithium bromide-wateailifig
film absorption, and the absorption strengtheninifece
increases with the enhancement of magnetic intenkitthis
work the strengthening effect is limited within timeagnetic
field intensity of 0-3Tesla, but there are trendsabsorption
strengthening effect increasing more in strongergmeéic
fields. Macroscopic magnetic field force was intiodd in the
mathematical model to reflect the influence of netgnfield
on lithium bromide water and lithium chloride water
absorption, while the microcosmic impact of magndield
was not considered in this work.

RECOMMENDATIONS

This work has limited its scope of study to onlyeon
working fluid-pair i.e lithium bromide solution oof numerous
available absorption working fluids pairs. A few efich
additional working fluid pairs are Ammonia-waterlig@n,
HFC-dimethylethylenurea [DMEU], N#HSrChL, ethylene
glycol solution and Ammonia-water sodium hydroxide
mixtures, although the literature survey indicatedt of all
these absorption working-fluid pairs, the workingid pair
used in this paper was rated the best for air-dimmiing
system. It has also limited its scope of soluticgthod to finite
difference method out of all the available numdriceethods
such as finite element method, finite volume, baugdlement
method, Monte Carlo technique, vortex method etes t its
reliability from the literature and its adequacytlie flow under
consideration.

The followings have therefore been established and

recommended from this paper
« The developed model for the magnetic field
enhancement of the lithium bromide-water absorption
system has been established and therefore
recommended for usage in investigating the magnetic
field effect on any other available working fluids
absorption refrigeration.

< Improvement in the performance of lithium bromide-
water falling film absorption, and absorption
strengthening increasing with the enhancement of
magnetic induction intensity has also been estaduis

< Positive effect of macroscopic magnetic field fooare
the working fluid used was also established.

% The Coefficient of Performance (COP) of MNH
solution absorption refrigeration system was
established to have increased by 3.6%, when magneti
induction was 3.0 Tesla.

The following areas are therefore worthy of further
research work:

«» Investigation of microcosmic impact of magnetiddie
on lithium bromide-water absorption refrigeration.



s Development of magnetic field enhancement
absorption process model using any other absorption
refrigeration working fluids apart from lithium
bromide and ammonia-water solutions.

+« Adoption of any other numerical solution methodtsuc
as finite element method, finite volume, boundary
element method, Monte Carlo technique, vortex
method etc on absorption enhancement modeling
study.
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