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Non-absorbable  Gas Effects on Heat and Mass Transfer in Falling 
Film Absorption 
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Film absorption involves simultaneous heat and mass transfer in the gas liquid system. While 

the non-absorbable gas does not participate directly in the absorption process, its presence does 

affect the overall heat and mass transfer. An experimental study was performed to investigate the 

heat and mass transfer characteristics of LiBr-H20 solution flowing over 6-row horizontal tubes 

with the water vapor absorption in the presence ot" non-absorbable gases. The volumetric 

concentration of non-absorbable gas, air, was varied from 0.17 to 10.0%. The combined effects 

of the solution flow rate and its concentration on the heat and mass transfer coefficients were 

also examined. The presence of 2% volumetric concentration of air resulted in a 25% reduction 

in the Nusselt number and 41% reduction in the Sherwood number. Optimum film Reynolds 

number was found to exist at which the heat and mass transfer reach their maximum value 

independent of air contents. Reduced Nusseh and Sherwood numbers, defined as the ratio of 

Nusselt and Sherwood numbers at given non absorbable gas content to that with pure water 

vapor, were correlated to account for the reduction in the heat and mass transfer due to 

non-absorbable gases in a Palling film absorption process. 
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Greeks symbols 
15' Mass transfer coefficient (ms J) 

/ '  Mass flow rate per tube length and tube side 
(kgm-ls m) 

/1 Viscosity (Nsm -2) 

p Density (kgm -a) 
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Superscripts 
* Z Equi l ibr ium condi t ion 

Subscripts 
0 ~ without non-absorbab le  gas 

a Z Absorpt ion 

c Z Cool ing  water 

f : Fall ing film 

in  : Inlet 

[rn : Logari thmic mean 

s : Solut ion 

out:  Outlet 

w : Water  species in solution 

1. Introduction 

Absorpt ion of  gases and vapors into liquid film 

is encountered in numerous applicat ions includ- 

ing the creation of  heating and cool ing effects in 

absorpt ion heat pumps. Fal l ing film absorpt ion 

has been a problem of interest for a number  of 

years due to its applicabil i ty to absorpt ion sys- 

tems. Among  the parameters affecting the absorp- 

tion process of  absorbate (refrigerant vapor) into 

absorbent (liquid solution) in Palling film absor- 

ber, non-absorbab le  gases seriously degrade its 

performance. 

The composi t ion of  the gas phase, in which a 

non absorbable gas is combined with the absor- 

bate, influences the combined heat and mass 

transfer. The non-absorbab le  gas, in conjunct ion 

with the absorbate, is transported by convect ion 

and diffusion toward the l iquid-gas  interface. 

Since the interface is impermeable  to the non-  

absorbable gas while the absorbate is absorbed at, 

non-absorbab le  gas accumulates at the interface 

and the concentrat ion of  the non absorbable gas 

at the interface is significantly greater than that 

in the bulk of  vapor. Then the partial pressure of  

the absorbate at the interface decreases and the 

absorbate mass transfer reduces significantly. The 

effects of  non-absorbab le  gas on the absorpt ion 

process share many similarities to the effects of  

non condensable  gas on the condensat ion pro- 

cesses. However  the condensat ion problem re- 

quires only temperature pressure equi l ibr ium at 

the interface wheras the absorpt ion problem re- 
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quires concent ra t ion- tempera ture-pressure  equi- 

l ibrium at the interface. The extra condi t ion  com- 

plicates the problem significantly. 

The role of  non-absorbab le  gas in the falling 

film absorpt ion has been studied by a limited 

number  of  investigators. Haselden and Maltay 

(1959), for the a m m o n i a / w a t e r  film on the out- 

side of  internally cooled vertical tube, reported 

that the presence of  2% volumetr ic  concentrat ion 

of  non absorbable gas decreased the mass trans- 

fer by 5%. While 35% reduction in mass transfer 

was resulted at 13,%o of non-absorbab le  gas. 

Burdukov et al. (1980) indicated that as little as 

0.5% volumetr ic  concentrat ion of  non-absorbab le  

gas resulted in 50% reduction in mass transfer 

for an aqueous LiBr solution f lowing down a 

bundle of  horizontal  tubes. For  2% of non-ab-  

sorbable gas content  mass transfer reduced up to 

60,9/00. However  they had only 4 data points tbr this 

conclusion.  Viler and Cosenza (1992) lbund the 

diminishing effect of  air content at high film 

Reynolds number for the case o f  horizontal  tube 

banks. The lithium ch lor ide-water  absorpt ion 

system with vertical tube absorber was studied 

by Ameel  and Wood (1992), Yang and Wood 

(1993), and Ameel  et al. (1997) very systematic- 

ally. They correlated the heat and mass transfer 

coefficients using the film Reynolds number,  

Prandtl number,  Schmidt  number,  and air con- 

centration. They found that the degradat ion effect 

of  non-absorbab le  gas is most prominent  at low 

solution flow rates. Kim and Lee (1998), for an 

aqueous LiBr solution film in a vertical tube, 

reported 59% reduction in mass transfer at 6,%o 

of non absorbable gas. However  the results, par- 

t icularly the amount  of  reduction in heat and 

mass transfer rate due to non-absorbab le  gases, 

are inconsistent among the researchers. 

In the present work, experimental  study was 

performed to investigate the heat and mass trans- 

fer characteristics of  l i thium bromide-wate r  solu- 

tion f lowing over 6 row horizontal  smooth tubes 

in the presence of  non-abso rbab le  gas. The effects 

of  non-absorbab le  gas were analyzed with the 

variat ion of  solution flow rate and its concentra-  

tion. The aim is to understand the role of  non-  

absorbable gas and to develop the correlat ions 
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quantifying its degrading effects on the heat and 

mass transfer. 

2. Experimental Investigations 

2.1 Experimental apparatus 
The working fluid for the absorption experi- 

ment is LiBr-water solution. Lithium bromide is 

an absorbent and water is an absorbate. Aqueous 

solution of lithium bromide flows over the hori- 

zontal tubes of 6-row as wavy laminar film where 

water vapor is absorbed. Fig. I schematically 

shows the experimental apparatus, which consists 

of the absorber, the absorbent solution generator, 

the solution tank, the evaporator, and the cooling 

system. The experimental equipment is designed 

for a batch-mode operation. 

The generator is a strong solution tank whose 

volume is 145 liters and is well sealed so it can be 

deaerated by a vacuum pump. Four screw plug 

heaters are installed near the bottom of the tank 

to heat the solution for regeneration. The temper- 

ature of solution is controlled through the use of 

four screw plug heaters embedded in the tank and 

the band heater that is wound around the stainless 

steel tubing containing the solution. 

The solution tank is a recovery tank of weak 

Non-absorbale 
gas sampler 

To vacttuna., . . . .  
pump q)[l 

Coolant' 
outlet  nq) F 

To/from Coolant  F 
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Solution [ , ~ ,  t ; -- 
....... Water vapor/ Gear Strainer Mass 
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Schematics of the experimental apparatus 

solution, which can hold 145 liters. The solution 

tank simply collects the diluted solution during 

the absorption experiments and is located at the 

downstream of the absorber. 

In order to supply water vapor into the absor- 

ber, cylindrical vessel (diameter 100 mm, height 

500 mm) equipped with four immersion heaters is 

used as an evaporator. Distilled water that is used 

as the absorbate can be deaerated during the 

initial evacuation by a vacuum pump before each 

experiment. The evaporation rate is controlled by 

a power supply unit to maintain the required 

absorber pressure. Leak valve of non-absorbable 

gas, which is air for the present study, is installed 

near the top of evaporator to mix and adjust its 

volumetric concentration in the water vapor. The 

amount of non absorbable gas introduced into 

the absorber is controlled by regulating the open- 

ing of leak valve. The cooling water required is 

supplied by the constant water bath. 

Absorber tank is a cylindrical vessel containing 

a solution distributor, tube bank, and a solution 

collector. The tube bank consists of 6 horizontal 

tubes, arranged in a row vertically. The tubes are 

made of phosphorous bronze and are 22.0 mm in 

outer diameter with the length of 100 mm, respec- 

tively. Inside the tubes the cooling water was 

flowing in cross-countercurrent. Coiled wires are 

placed inside the absorber tubes to induce a 

turbulent flow of the cooling water for promotion 

of heat transfer. At the top of the tube bank a 

solution distributor is located to distribute the 

LiBr solution evenly over the absorber tubes. 

Formation of falling film and film structure were 

observed through the view port. Mixture of water 

vapor and air was supplied through the bottom 

inlet of the absorber tank. The vapor flows up- 

ward, countercurrently to the LiBr-solution flow, 

crossing the tube bank for complete absorption. 

The diluted solution after the absorption process 

flowed into the solution collector located under 

the absorber tubes. 

2.2 Test procedure 
At the start of the absorption mode, concentra- 

tion and temperature of the solution in the gener- 

ator were adjusted first and then the solution was 
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fed into the absorber by a magnetic gear pump. 

The water vapor generated at the evaporator was 

then mixed with air and supplied to the absorber. 

To keep the volumetric concentration of air con- 

stant during the absorption process, the absorber 

was operated in a constant vacuuming mode. 

When the remaining amount of the solution was 

insufficient to continue the experiment, the system 

switched to the regeneration mode. The diluted 

solution collected in the solution tank was ted to 

the generator, and regenerated by the heaters. In 

this mode, the evaporator functioned as the con- 

denser to condense the regenerated water vapor. 

The flow rate of solution fed into the absorber 

was measured by a mass flowmeter. Solution was 

sampled by the pre-evacuated sampler for the 

concentration measurement at the inlet and outlet 

of the absorber. Concentration of LiBr-water 

solution was measured by a pycnometer (25 ml) 

precisely under the constant temperature of 30°C. 

The pressures of the generator and the evaporator 

were measured by the convection-type vacuum 

gauge. Type T thermocouples were installed at 

the absorber inlet and outlet, at the cooling water 

inlet and outlet, at the evaporator, and at the 

generator. 

The volumetric concentrations of air at the inlet 

and the outlet of the absorber tank were measured 

with the freezing method proposed by Ameel and 

Wood (1992). A stainless-steel bottle of sampler 

containing the sampled mixture was immersed 

into the dry ice bath. The mixture was cooled 

down to -60°C,  at which the partial pressure of 

the water vapor should be small enough to be 

neglected compared to the total pressure. From 

the temperatures and pressures of the water va- 

por-air  mixture before and after freezing, T~, Pl 

and Tz, la, respectively, the volumetric concen- 

tration of air can be evaluated assuming the ideal 

gas behavior. 

_ Z>~ 7"~ (1) 
Yu-- Pl 7"2 

The experimental conditions including the 

absorber pressure, the temperature and the flow 

rate of the solution and the cooling water are 

summarized in Table 1. 
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Table 1 Range of parameters 

Parameters Ranges 

LiBr-H20 flow rate (kg/s) 
LiBr-H20 concentration (wt%) 
LiBr-H20 temperature (°(7) 
LiBr-H20 inlet subcooling (°C) 
Cooling water inlet temperature (°C) 
Absorber pressure (mmHg) 
Concentration of air (vol%) 

0.008 --0.03 
58--61.5 
40--48 

2.7 
30 
8 

0.17--10 

2.3 H e a t  and  m a s s  t r a n s f e r  in f a l l i n g  f i lm 

The heat of absorption gives rise to tempera- 

ture gradient in a falling film leading to the 

transfer of heat while the temperature affects the 

vapor pressure-composition equilibrium at the 

interface, which governs the mass transfer. The 

heat transfer rate to the coolant in the absorption 

process can be estimated by 

Q = WcCp,c ( Tc,out - Tc,~) = U A F A  T,m (2) 

where w is the coolant flow rate and c;,c is the 

specific heat of coolant at constant pressure. U, 

A,  and F are the overall heat transfer coefficient 

between the solution and the cooling water, heat 

transfer area, and correction factor, respectively. 

Subscripts c, in,  and o u t  denote the coolant, the 

inlet, and the outlet of absorber respectively. The 

logarithmic mean temperature difference is de- 

fined as 

( T s , ~ -  T¢,out) - ( T , , o u t -  Tc.i~) 
A Tzm= (3) 

in 

where subscript s denotes the Libr-solution. The 

heat transfer coefficient of the falling film can be 

evaluated by 

1 __( 1 h l ( r f / r c )  1 ) (4) 
hzAs UA 2rckl hcAc 

where k is the thermal conductivity of tube, I is 

the length of the absorber tube, and re and rc are 

the outer and inner radius of absorber tube. The 

heat transfer coefficient of the cooling water, 

2340--+50 W/mZK, was found from another set of 

experiment at the same geometrical and physical 

conditions as the absorber tubes. 

Nusselt number for the falling film absorption 

process is defined as 



Non .absorbable Gas Effects on Heat and Mass Transfer in Falling Film Absorption 585 

Nu = h : L /  (5) 
k, 

where the characteristic length is given as a func- 

tion of solution viscosity, density, and gravity. 

[ 1"3 L / =  I p•g J (6) 

General ly  Nusselt  number  is correlated as a func- 

tion of  film Reynolds  number  which is defined by 

4/"  
R e =  (7) 

where _F' is the mass flowrate per absorber tube 

length and tube side and /z is the kinematic 

viscosity. 

Absorpt ion rate of  water vapor  during the 

absorpt ion process can be derived from the mass 

conservat ion of  the solution. 

V - l l  (8) 
w a  = ws  L Cou, I 

where C is the weight concentrat ion of  LiBr. 

The vapor / l i qu id  interface of  falling film is in 

a thermodynamic  equi l ibr ium at a given pressure 

and temperature of  the solution during absorp- 

tion process. The logari thmic density difference of  

water species in solution between the vapor/ '  

l iquid interface and the bulk in a falling film can 

be defined as 

(P *,~--Pw,m) -- (P*,ou,-- P . . . .  ,) 
Aptm = (9) * ) In ( Ow,~--Pw,~. 

Pw,o.t -- Pw, o.t 

where Pw is the density of  water species per unit 

volume of  solution. Superscript * denotes the ther- 

modynamic  equi l ibr ium condit ion,  which could 

be calculated by the solution temperature and the 

absorber pressure. 

Mass transfer coefficient of  falling film could be 

expressed as 

Wa 

Then the Sherwood number is defined by 

S h = ~ D L f  (11) 

where D~ is the mass diffusivity of" solution. 

2.4 Uncertaint ies  

An uncertainty analysis was conducted to de- 

termine the maximum error for the heat trans- 

ferred and the mass absorbed (Kline (1985)).  

Since the true value of  a given measurement is not 

directly known, it is more accurate to speak of  

experimental  nncertainty than of  experimental  er- 

ror. The uncertainty in the cool ing load measured 

oil the coolant  side was +8 .5%.  As expected, the 

major  error in the load was due to the tempera- 

ture gain of  the coolant.  The average uncertainty 

in the mass absorbed for all the reported experi- 

mental data was +26.4%, which was unavoidable  

since the mass absorbed was pretty small. The 

major  error was due to the concentrat ion change 

of  the solution. The uncertainty in the volume- 

tric concentrat ion of  air was estimated to be 

+3.5%. 

3. Results  and Discuss ion  

Since the major  purpose of  the present study 

was to identity the effects of  non-absorbab le  gases 

on the heat and mass transfer in the absorpt ion 

process, all the factors except liquid solution flow 

rate, its concentrat ion,  and the volumetr ic  coil- 

centration of  air were kept constant. The volu- 

metric concentrat ion of  air was varied in the ran- 

ge of  0 to 10%. However  the min imum air concen- 

tration achievable dur ing all tests was 0 .17% 

Solut ion flow rates were varied in tile range of  

30 to 100 of  film Reynolds number. In this range 

falling film can be characterized as "wavy la- 

minar".  However,  below the film Reynolds num- 

ber of  70, the lbrmation of  solution film on the 

outer surface of  entire 6 tubes was not complete. 

Figure 2 shows the effects of  air concentrat ion 

oil heat and mass transfer rates for Ref=60.  The 

mass transfer rate appears to steadily decrease for 

an increase in ya, especially at low concentrat ion 

of  air. The accumulat ion of  non-absorbab le  gas 

at the interface increases the mass transfer resist- 

ance in the gas side and reduces the mass transfer. 

The decrease in the heat transfer is a direct result 

of  the decrease in the mass trans|kr. As the mass 

transfer rate decreases, less heat of  absorpt ion is 

released in the solution leading to a reduction in 
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the so lu t ion  t empera tu re  gradient .  As the volume-  

tric air  concen t r a t ion  increases from 0.17 to 5,%0, 

the mass t ransfer  rate decreases near ly  37%, while  

the heat  t ransfer  rate decreases only  28%. The  

difference is due to the fact that  the heat  t ransfer  

is the c o m b i n a t i o n  of  sensible  heat  from incoming  

L i b r - s o l u t i o n  and abso rp t ion  heat of  water  va- 

por. K n o w i n g  that  the heat  t ransfer  rate is direct ly 

related to the mass t ransfer  rate, the t rends  shown 

in Fig. 2 for the heat  t ransfer  rate are s imi lar  to 

those for the mass t ransfer  rate. Even the work ing  

fluid and  the opera t ing  cond i t ions  are different 

from the present  study, the exper imenta l  results of  

Ameel  et al. (1997),  L i C l - w a t e r  so lu t ion  in ver- 

tical tube absorber ,  are also shown  for the com- 

par i son  of  n o n - a b s o r b a b l e  gas effects• Qual i ta -  

tively, they show good agreement  on the re tarda-  

t ion of  heat and  mass t ransfer  rate. 

The  effects of  so lu t ion  flow rate were evaluated  

for three flow rates equ iva len t  to Ref of  approxi -  

mately 50, 75, and  100, with  the presence of  n o n -  

a b s o r b a b l e  gas. More  data  were ava i l ab le  for Ref 

in the ranges of  30 to 100. These  data  were not 

included since they do not  add  to the basic  un- 

de r s t and ing  that  was gained from the inc luded 

data.  The  effects of  air  conten ts  with Ref on  the 

Nussel t  and She rwood  num ber s  are given in Fig. 

3. As easily expected the increase of  air  con ten t  

reduces Sh regardless  of  Ref. Consequen t ly  Nu 

also decreases. The  d imin i sh ing  effect of  air  con-  

tent  at high Ref, p roposed  by Vliet and  Cosenza  

(1992) and  Ameel  et al. (1997),  were hard ly  

not iceable.  However  the va r i a t ion  of  Nu and  Sh 
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Effects o f  non -abso rbab le  gas concent ra t ion  

and film Reynolds number on Nusselt num- 

ber and Sherwood number 

suggests tha t  o p t i m u m  Ref, which  is a r o u n d  75 

and  is in good agreement  with  the result  of  Hik i ta  

et al. (1959),  exists for the m a x i m u m  heat  and  

mass transfer.  For  R e f <  75, the abso rbe r  tubes  are 

not comple te ly  wet by the so lu t ion ,  which  may 

cause the reduc t ion  in heat  and  mass transfer.  As 

the so lu t ion  flow rate increases,  the wett ing of  

abso rbe r  tubes improves.  M e a n w h i l e  the increas- 

ed so lu t ion  flow rate results in the increase of  film 

thickness ,  which  increases the resis tance to heat  

and  mass transfer.  These  factors affect the t rans-  

port  process not  by itself, but  by an in tegrated 

manner .  Therefore  physical  facts may vary de- 

pend ing  upon  the geometry,  flow condi t ions ,  and  

materials .  T h a t  might  be the reason  why the res- 

ults repor ted by one  inves t iga tor  are con t rad ic -  

tory to the other  in some cases. 

The  c o m b i n e d  effect of  n o n - a b s o r b a b l e  gas and  

the so lu t ion  concen t r a t ion  is depicted in Fig. 4. 

At  R e f = 7 5 ,  the absorbe r  tubes  are comple te ly  

wetted by the so lu t ion  film. As the concen t r a t i on  

of  so lu t ion  increases at cons tan t  inlet  subcool ing ,  

Nu and  Sh tend to decrease. Even t h o u g h  the 

surface tens ion  of  so lu t ion  remains  a lmost  con-  

stant,  its viscosity increases as the so lu t ion  con-  

cen t ra t ion  increases. As a result  the fal l ing film is 

p r o b a b l e  to get th icker  and  the h y d r o d y n a m i c  

character is t ics  may become weaker.  There fore  the 

resis tance to the heat  and  mass t ransfer  increases 

leading to the decrease of  Nu  and Sh as men-  

t ioned by Hof fman  et al. (1996).  However ,  the 

decrease of  Nu and  Sh with the increase of  the 
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so lu t ion  concen t r a t i on  is not  very clear. Also the 

reduc t ion  rate of  Sh is greater  than  tha t  of  Nu 

especial ly at low concen t r a t i on  of  air. 

To quant i fy  the  effects of  n o n - a b s o r b a b l e  gas 

on  the abso rp t ion  heat  and  mass t ransfer  rates, it 

is necessary to evalua te  the t ransfer  rate in the 

absence  of  n o n - a b s o r b a b l e  gas. However  the 

m i n i m u m  value  of  the vo lumet r i c  concen t r a t ion  

of  air  ob ta ined  in the present  s tudy was abou t  

0 .17% even the abso rbe r  was opera ted  with a 

mechan ica l  vacuum p u m p  con t i nuous l y  removing  

the air  tha t  accumula ted  in the absorber .  The  

values of  Nu  and  Sh at given Ref wi th  pure  water  

vapor  were de te rmined  by the l inear  regression 

and  are shown  in Fig. 5 for the so lu t ion  concen-  

t ra t ion  of  58%. Fo r  R e f < 7 5 ,  Nu  and  Sh increase 

s teadi ly and  thei r  increase rates are relat ively h igh 

at low so lu t ion  flow rate. However ,  for R e f > 7 5 ,  

Nu  and  Sh decease due to the increase in film 

thickness .  

The  r e t a rda t ion  of  heat  t ransfer  with  the pre- 

sence of  n o n - a b s o r b a b l e  gas is expressed in terms 

of  the reduced Nussel t  number ,  Nu /Nu0 ,  which is 

the ra t io  of  Nu  at given non  a b s o r b a b l e  gas 

conten t  to tha t  wi th  pure  water  vapor.  Reduced  

She rwood  n u m b e r  is also def ined by the same 

manner .  They are cor re la ted  as an explicit  func- 

t ion of  the n o n - a b s o r b a b l e  gas con ten t  as 

Nu  . . . . .  o.t34 
~uouo=U.b,Z>ya (12) 

Sh 
Sho =0"724ya-°'=75 (13) 
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~ ~ " ~  4-/- l 5% 

0.0 0.2 0.4 (1.6 0.8 1.0 

Experimental data 

Fig. 6 Comparisons of correlation equations with 

experimental data 

C o m p a r i s o n s  of  the co r re l a t ion  equa t ions  with 

exper imenta l  da ta  for the reduced Nu and  re- 

duced Sh are depicted in Fig. 6. The  overal l  

dev ia t ion  in the reduced Nussel t  n u m b e r  is 15% 

for the fitted data.  The  cor re la t ion  of  reduced 

She rwood  n u m b e r  has  an overal l  dev ia t ion  of  

19% for the fitted data.  Even t h o u g h  great  care 

was exercised in da ta  acquis i t ion,  systematic 

errors  and  process con t ro l  difficult ies were the 

p r o b a b l e  cause o f  the data  scatter  present  in 

Fig. 6. 

F igure  7 and  8 show the effect of  non  absor-  

bable  gas on  the reduced Nu and  Sh numbers .  As 

the vo lumet r ic  concen t r a t i on  of  air  increases from 

0 to I%, Nu decreases near ly  18%, whi le  Sh 

decreases abou t  28%. The  decrease of  Sh is more  

suscept ible  to the presence of  n o n - a b s o r b a b l e  gas 
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than Nu because of  the reason explained in Fig. 

2. The volumetr ic  concentrat ion of  air of  5% 

resulted in a 34% reduction in Nu while a 54% 

decrease in Sh. As the air content  increases the 

reduction rate of  Nu and Sh retards. 40% and 

62% of  reductions in Nu and Sh are resulted at 

10% of  air content, respectively. The correlat ions 

proposed by Yang and Wood  (1993) and Ameel  

et al. (1997) are also depicted in Fig. 7 and Fig. 

8 for the comparisons.  Yang and Wood  (1993) 

proposed 

Nu __ o.2147 14) 
 o--ya 

Sh __ya-O.22 5 15) 
Sh0 

Yang and Wood (1993) also observed the signi- 

ficant decrease of  heat and mass transfer with 

increasing air contents, especially at low concen- 

tration of  air. They predicted that the decrease of  

heat transfer is more serious than that of  mass 

transfer, which is in contradic tory to the present 

study. In their experiments,  a solution of  l i thium 

chloride and water was used for the falling film 

absorbent,  which flowed down the outer surface 

of  vertical tube. Therefore  the overall  absorpt ion 

characteristics could be different from that found 

in the present study. However  the volumetr ic  

concentrat ion of  air ranged from 4 to 30% and it 

was unable to correlate the retardation effects of  

air especially in lower air contents. As a result 

their correlat ion predicts that the reduced Nu and 

Sh are even greater than 1.0 in low air contents. 

The  correlat ions of  Ameel  et al. (1997) was given 

a s  

Nu _ 0.0203 -- 3.225x 10-Sya -- 5.365X l 0-SL e (16) 

Nuo 0.0203--5.365x 10 SLe 

Sh O.0258-3.225xlO-4ya-7.839xlO 5Le 
(17) 

Sh0 0.0258-7.839x10-SLe 

where L e  is the Lewis number.  Basically they 

assumed the factor that deals with the effect of  

non-abso rbab le  gas is a linear function of  its con- 

tents. The experimental  condi t ions  were almost 

the same as those of  Yang and Wood  (1993). 

However  they had only 17 and 13 distinct mea- 

surements for the correlat ions of  Nu  and Sh in 

the range of  0 to 7% of  non-abso rbab le  gas con- 

tents. The number  of  data and the range of  n o n -  

absorbable gas seemed to be insufficient for the 

development  o f  accurate correlations.  

Consider ing the experimental  data of  the pre- 

sent study and those published in the open litera- 

tures, correlat ion Eqs. (12) and (13) are practical 

and reasonable for the explanat ion o f  the ex- 

perimental  findings and the physical interpret- 

ation of  the retardation effects of  non absorbable 

gas on the heat and mass transfer in the falling 

film absorpt ion process. 

4.  C o n c l u s i o n s  

In the present work, an experimental  study was 

performed to investigate the heat and mass trans- 

fer characteristics of  l i thium bromide-wa te r  solu- 
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tion flowing over 6-row horizontal smooth tubes 

in the presence of non-absorbable gases. The 

effects of non-absorbable gas were analyzed with 

the variation of solution flow rate and its con- 

centration. 

The presence of a 1% volumetric concentra- 

tion of non-absorbable gas resulted in a 28% 

reduction in the Sherwood number while a 5% 

concentration resulted in a 54,%o reduction. The 

Nusselt number was reduced by 18% for a 1,%o of 

volumetric concentration of non-absorbable gas, 

while 34% for a 5,%o concentration. The Sherwood 

number was more susceptible to the presence of 

non absorbable gas. 

Optimum film Reynolds number, approxima- 

tely 75 for the horizontal tubes, existed for maxi- 

mum heat and mass transfer, regardless of the 

volumetric concentration of non-absorbable gas. 

The heat and mass transfer coefficients decreased 

with then increase of viscosity. 

Correlations for the reduced Nusselt and reduc- 

ed Sherwood numbers were proposed, which ac- 

count for the reduction in the heat and mass 

transfer due to non-absorbable gases in a falling 

film absorption process. 
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