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Abstract 

Theoretical analysis and simulation of performance of an air-cooled microchannel absorber is reported in this study. 
It is shown that the air-cooled microchannel absorber can be integrated into an absorption-based miniature electronics 
cooling system by which the chip junction temperature can be maintained near room temperature, while removing 100 
W of heat load. Water/LiBr pair is used as the working fluid and refrigerant vapor is intended to counter-currently flow 
against aqueous LiBr solution flow. Parametric study is carried out to determine the effects of several operating pa-
rameters, including inlet temperature and mass flow rate of the coolant, and inlet temperature of LiBr solution. To fa-
cilitate the air-cooling of microchannel absorber, an offset-strip-fin array is adopted, by which enhanced air-side heat 
transfer coefficient and large heat transfer area are obtained. The performance of the air-cooled absorber is compared to 
liquid-cooled absorber. 
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1. Introduction 

Recent advances in semiconductor technologies 
have been accompanied by a rapid increase in power 
density levels from high performance chips such as 
microprocessors. According to the International 
Technology Roadmap for Semiconductors (ITRS), by 
the year 2009 these chips are expected to dissipate 
power at an average flux of 64 W/cm2, while keeping 
the maximum junction temperature of near 90oC [1]. 
Conventional packaging solutions, which use convec-
tive air-cooling techniques, are facing difficulties in 
removing such large heat fluxes under the limited 
space allocated to thermal management. Further in-
crease in cooling power will require insertion of a 
“negative” thermal resistance into the heat flow path, 
which can be achieved by the use of refrigeration [2]. 
Mongia et al. [2] developed a small scale vapor com-

pression system for electronics cooling within a note-
book computer that can remove 50 W of heat from 
the central processing unit (CPU) with a coefficient of 
performance (COP) of about 2.25 and the minimum 
junction-to-fluid thermal resistance of 0.25 K/W. 
Drost and Friedrich [3] developed a mesoscale wa-
ter/LiBr absorption-based heat pump system for port-
able and distributed space conditioning applications 
with 350 W of cooling capacity.  

One of the major advantages of an absorption-
based heat pump system is the use of a ‘chemical 
compressor’ which consists of an absorber, a liquid 
pump, a solution heat exchanger and an expansion 
device. The condensation/absorption process in the 
absorber and vaporization/desorption process in the 
desorber make use of a liquid pump feasible to sup-
port pressure difference between condenser and 
evaporator. Although the presence of an absorber and 
a desorber increases the overall system volume, the 
displacement volume and power consumption for 
liquid compression are much smaller than those for 
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vapor compression, so that chemical compression is 
more favorable to miniaturization than mechanical 
vapor compression. 

The absorber is widely acknowledged as the “bot-
tleneck” which defines the viability of the entire ab-
sorption cycle [4] and also as the most critical com-
ponent in absorption heat pump system in terms of 
cycle performance and system cost [5]. Significant 
efforts toward modeling the absorption process have 
been undertaken, as reviewed by Killion and 
Garimella [5]. The absorber analysis can be classified 
into two categories by working fluid pair: water/LiBr 
and ammonia/water. Since LiBr is essentially non-
volatile, the water vapor is pure so that there is no 
resistance to mass transfer in the vapor phase during 
the absorption process. In contrast, due to the volatil-
ity of both components in an ammonia/water system, 
both ammonia and water may be present in the vapor 
phases and thus the potential for mass transfer resis-
tance in the vapor phase exists [5]. Also, heat transfer 
and mass transfer coefficient correlations and/or heat-
mass transfer analogy make one-dimensional simpli-
fied models feasible for exploring the absorption 
process with sufficient accuracy.  

Patnaik et al. [6] developed a one-dimensional sim-
plified model for water/LiBr steady vertical-film ab-
sorption that applies to both laminar and wavy-
laminar film flow regimes. Meacham and Garimella 
[7] also presented experimentally validated a one-
dimensional predictive model for ammonia/water 
absorption process in a novel microchannel absorber 
for residential and light commercial applications. A 
compact heat exchanger, which allows mini- or mi-
crochannel flow path, mostly provides high area den-
sity (generally higher than 700 m2/m3) as well as high 
heat transfer coefficients [8]. Kang et al. [8] compared 
the performance of falling film and bubble type ab-
sorption modes in plate heat exchanger absorber de-
sign. Goel and Goswami [9] analytically investigated 
the combined heat and mass transfer process in a 
counter-current ammonia-water based lamella plate 
type absorber using empirical heat and mass transfer 
coefficients correlations.  

In this study, a one-dimensional analytical model 
for microchannel absorber for absorption based elec-
tronics cooling system is developed. It is tailored to 
the analysis of the electronics cooling system which 
keeps the chip junction temperature near room tem-
perature, while removing 100 W of heat load. An air-
cooled microchannel absorber incorporated with off-

set-strip-fin array for air-side heat transfer enhance-
ment is investigated as a simpler alternative to liquid-
cooled microchannel absorber. The working fluid is 
the water/LiBr pair, where water and LiBr are used as 
refrigerant and absorbent, respectively. To estimate 
the absorber performance at reference operating con-
dition, the variations of LiBr mass fractions, mass 
flow rates and temperatures are inside microchannel 
absorber are investigated. Parametric study is also 
carried out to study the effects of the inlet temperature 
and mass flow rate of the coolant and inlet tempera-
ture of LiBr solution.  

2. Principal features of system and absorber  
configurations 

Fig. 1 shows a schematic diagram of an absorption-
based heat pump system. Its main components in-
clude an evaporator, an absorber, a desorber, a con-
denser, a liquid pump and expansion devices. One of 
the major advantages of an absorption-based heat 
pump system is the utilization of low quality waste 
heat at a source temperature of around 90oC, which 
brings about significant reduction in operating costs 
and energy savings. The only component of this sys-
tem with moving mechanical parts is the liquid pump, 
so that quiet operation is possible and no lubricant is 
needed. The coefficient of performance (COP) of an 
absorption-based heat pump system is defined as the 
heat removal capability of evaporator (qe) per 
heat/power supply to desorber (qd), i.e., 

COP e

d

q
q

 (1) 

Fig. 1. Schematic diagram of an absorption-based heat pump 
system. 
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Power consumption of a liquid pump is usually negli-
gibly small and neglected in Eq. (1) [10]. 

As shown in Fig. 1, the vapor compression refrig-
eration/heat pump system is similar to the absorption 
refrigeration/heat pump system, except the vapor 
compressor is replaced with a chemical compressor. 
The pressurization process in the chemical compres-
sor starts in the absorber, where the refrigerant vapor 
from the evaporator (state point 2, Fig. 1) is exother-
mically condensed and absorbed into the strong LiBr 
solution (state point 10), resulting in a weak LiBr 
solution at the state point 5. Following the absorber, 
the LiBr solution is pressurized by the liquid pump to 
reach state 6. The solution heat exchanger preheats 
the weak LiBr solution of state point 6 to state point 7 
using high temperature strong LiBr solution flowing 
from the desorber. In the desorber, high pressure and 
high temperature superheated refrigerant water vapor 
is generated (desorbed) from the weak LiBr solution 
and is returned to the refrigerant loop. At this point, 
the LiBr solution becomes strong again and returns to 
the absorber through the solution heat exchanger and 
an expansion device in sequence. This completes the 
solution loop of the chemical compression cycle.  

Condensation in the condenser is associated with 
heat transfer and absorption associated with mass 
transfer in an absorber are the essential processes to 
make use of liquid pumps for pressurization, and thus 
to realize the chemical compression, as well as the 
miniaturization of the absorption based electronics 
cooling system. Fig. 2 shows the conceptual diagrams 
of the liquid-cooled and air-cooled absorbers. It is 
shown that the refrigerant (water) vapor flows 
through the inner channels and the aqueous LiBr solu-
tion counter-currently flows along the outer channel 
wall. Most of the heat generated during the absorption 
process is rejected to the coolant through the cold 
plate in a liquid-cooled absorber or via the offset-
strip-fin array in an air-cooled absorber. A liquid 
cooling scheme using a cold plate provides higher 
heat transfer coefficient and lower coolant tempera-
ture than air cooling, leading to improved absorber 
performance. However, since the heat transferred to 
the liquid coolant must be rejected into ambient, an 
additional liquid-to-air heat exchanger needs to be 
used in the system which is not favorable to minia-
turization.  

An offset-strip-fin array with staggered structure of 
short strips can be used to enable an air-cooled ab-
sorber. A laminar boundary layer of air flow is de- 

(a) Liquid-cooled microchannel absorber 

(b) Air-cooled microchannel absorber 

Fig. 2. Conceptual diagrams of (a) liquid-cooled and (b) air-
cooled microchannel absorber. 

veloped on the short strip length, followed by its dis-
persion in the wake region between the strips [11]. 
Thus, the higher heat transfer coefficients of the lami-
nar developing wake region can be exploited to en-
hance the air-side heat transfer. At Re 1,000

hd , the 
Colburn j factor ( 2 3= St Prj ) of the offset-strip-fin is 
2.5 times higher than that of the plain fin, at the ex-
pense of the friction factor increase threefold [11]. 
Consequently, a significantly large heat transfer area 
with the enhanced heat transfer coefficients provided 
by the offset-strip-fin array makes the overall heat 
transfer (UA) of air cooling heat transfer comparable 
to that of liquid cooling heat transfer. The space and 
cost benefits from an air-cooled absorber can be pos-
sibly attractive relative to use of a liquid-cooled ab-
sorber, and therefore, a quantitative comparison be-
tween the liquid-cooled and air-cooled absorber is  
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Table 1. Dimensions of microchannel absorbers. 

Liquid-cooled absorber Air-cooled absorber 

Solution channel Solution channel 

Width, mm 10 Width, mm 10 

Depth, mm 0.3 Depth, mm 0.3 

Length, mm 100 Length, mm 100 

Wall thickness, mm 0.3 Wall thickness, mm 0.3 

Number of channels 10 Number of channels 10 

Offset-strip-fin Coolant channel 

Width, mm 0.5 Width, mm 2.1 

Height, mm 0.3 Height, mm 22 

Strip length, mm 32.5 Strip length, mm 32.5 

Thickness, mm 0.3 Thickness, mm 0.7 

Number of fins 129 Number of channels 37 

Absorber length, mm 100 Absorber length, mm 100 

Absorber width, mm 103.5 Absorber width, mm 103.5 

Material Aluminum Material Aluminum

carried out in this work. The dimensions of liquid-
cooled and air-cooled absorbers investigated are listed 
in Table 1. 

3. Model description 

Considering the process diagrams in Figs. 2 and 3 
and the dimensions listed in Table 1, we modified the 
predictive model of Goel and Goswami [9] for the 
liquid-cooled and air-cooled water-LiBr micro-
channel absorber. It is assumed that the cooling plate 
is fully wet by the liquid film so that no direct contact 
or heat exchange between the refrigerant vapor and 
cooling plate is allowed and thermodynamic equilib-
rium exists at the interface between aqueous LiBr 
solution and refrigerant (water) vapor. Also, mass 
transfer driven by thermal and pressure difference is 
regarded to be negligible. The effects of heat losses 
and non-condensable gases are not considered. 

For steady state, the local refrigerant vapor absorp-
tion rate can be expressed in terms of an overall mass 
transfer coefficient, s, and the concentration differ-
ence 

sr
s s s s i

dmdm P x x
dz dz

 (2) 

Several correlations for liquid film mass transfer 
coefficient are reviewed by Yih [12], and the     
correlation of Carrubba [12] is adopted here. For  

Fig. 3. Control volume for numerical simulations of micro-
channel absorber. 

film40 Re 280  and 5 1.6
filmSc 2.13 10 Re , the 

mass transfer coefficient is given by 
1
33.7522Re AB

s film
r

D  (3) 

where the reduced film thickness, r, is calculated 
from 

1 32

r g
 (4) 

The concentration conservation can be expressed 
by the statement that the mass of LiBr dissolved in 
solution is invariant, i.e., 

0s s
d m x
dz

 (5) 

On the refrigerant vapor side, sensible heat transfer 
from the liquid-vapor interface is balanced by the 
energy transport due to the refrigerant vapor absorp-
tion at the interface, which is responsible for the en-
ergy state of the remained vapor. Meanwhile, at liquid 
solution film, some vapor is condensed and absorbed 
into flowing solution with some of the heat trans-
ferred at the liquid-vapor interface and some rejected 
to the cooling plate. At the liquid-vapor interface, due 
to the exothermic absorption process, heat is trans-
ferred to both liquid and vapor driven by the local 
temperature difference, and also the loss of its energy 
occurs with the mass leaving the interface of the liq-
uid solution film. The lost energy, however, is bal-
anced by the mass/energy influx from refrigerant 
vapor. Eqs. (6)-(8) represent the energy conservation 
equations for refrigerant vapor, liquid film solution 
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and liquid-vapor interface, respectively. 

*
,

r r r
r r i r i v

d m i dmh P T T i
dz dz

 (6) 

*
,

s s s
s s w s s s i s i l

d m i dmh P T T h P T T i
dz dz

 (7) 

* *
, ,

s r
i l i v s s s i r r r i

dm dmi i h P T T h P T T
dz dz

 (8) 

The convective heat transfer coefficient between 
refrigerant vapor and the liquid-vapor interface can be 
determined from the Nusselt number correlation for 
laminar flow between parallel plates [13]. 

,

8.235 r
r

h r

kh
d

 (9) 

Heat transfer coefficient between the cooling plate 
and liquid film is determined by the correlation of 
Wilke [14]. 

1.88 s
s

kh  for 0.646
filmRe 2460Pr  (10) 

where  is the mean film thickness, which is calcu-
lated as follows, for laminar flow 

1
3

2

3
g

 (11) 

The heat transfer coefficient between liquid film 
and liquid-vapor interface can be obtained by using 
heat and mass transfer analogy, [13] 

2
2 3
3 ScLe

Prp ph c c  (12) 

As a first approximation to account for mass trans-
fer at the interface, the heat transfer coefficients given 
by Eqs. (9) and (12) should be modified [15], 

*

1
p

p
Nc

h

Nc
h

e
 (13) 

The energy conservation equation for coolant flow 
is given by 

0c
c o c c w c

dim h P T T
dz

 (14a) 

1 1f
o f

t

A
A

 (14b) 

where f  and o  is the fin efficiency and overall 
surface efficiency, respectively.  

For liquid-cooled absorber, the heat transfer coeffi-
cient of the coolant is evaluated by using the laminar 
flow convective heat transfer coefficient correlation 
from Shah and London [16] for the rectangular chan-
nel,  

2

3 4 5

Nu 8.235 1 2.042 3.085

2.477 1.058 0.186
 (15) 

Manglik and Bergles [17] proposed correlations to 
predict the j and f factors using Reynolds numbers 
and geometric parameters of the offset-strip-fins, 
which can be used to determine heat transfer coeffi-
cients and pressure drop in the air-cooled absorber. 
The laminar region correlations are given by 

,

0.1500.154 0.068
0.5400.652Re
h cd

p

s t tj
b L s

 (16) 

,

0.3050.186 0.266
0.7429.624Re
h cd

p

s t tf
b L s

 (17) 

where the hydraulic diameter of the offset-strip-fin is 
defined by 

,

4

2
p

h c
p p

sbL
d

sL bL tb ts
 (18) 

The friction factor from Eq. (17) should be incor-
porated into Eq. (19), to evaluate the air-side pressure 
drop for the air flow in the offset-strip-fin array. 

2

,

2 c c

h c c

f GdP
dz d

 (19) 

The governing differential Equations (12)-(19) are 
first integrated and then discretized by using an up-
wind scheme [18]. Since, at the end of absorption 
process, the mass flow rate and thus Peclet number 
(Pe) of refrigerant vapor is small enough, making 
diffusion significant, a hybrid scheme is used for de-
scritization of the vapor energy balance Eq. (6) [18]. 
The discretized equations are simultaneously solved 
iteratively, using a successive-under-relaxation (SUR) 
algorithm. The properties for LiBr solution are evalu-
ated with data from Yuan and Herold [19], and    
the properties of water are determined by using 
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REFPROP 6.0 [20]. 
The heat transfer rates of LiBr solution side and re-

frigerant side inside microchannel absorbers can be 
evaluated by the following equations.  

0

L

c o c c w cq h P T T dz  (20) 

*
, 0

L

sen l s s i sq h P T T dz  (21) 

, ,0

L

latent l i l s s s s iq i P x x dz  (22) 

*
, 0

L

sen v r r r iq h P T T dz  (23) 

, ,0

L

latent v i v s s s s iq i P x x dz  (24) 

The average thermal resistances of liquid phase 
(LiBr solution side) and vapor phase (refrigerant side) 
can be obtained by dividing average temperature dif-
ferences between the phases and the interface by the 
sums of sensible and latent heat transfer rates of each 
phase, respectively. 

0

1 L

i r or s

ave
sen latent

T T dz
LR

q q
 (25) 

4. Results and discussion 

4.1 Performance of liquid-cooled and air-cooled 
microchannel absorbers under reference operat-
ing condition 

The operating conditions used in simulations are 
given in Table 2. Figs. 4 and 5 show the overall per-
formance of air-cooled and liquid-cooled microchan-
nel absorbers, respectively, under the reference oper-
ating conditions at which it is designated that the ab-
sorption process is completed and the refrigerant 
mass flow rate vanishes at the inlet of LiBr solution 
flow (at z = 0 mm). The LiBr solution, which is intro-
duced to the microchannel absorber as a saturated 
liquid, loses its energy to the coolant, leading to its 
temperature drop to become a subcooled liquid, 
whereas the liquid-vapor equilibrium at the phase 
interface is sustained by the continuous vapor influx. 
In consequence, the concentration of LiBr solution 
deviates from that of phase interface due to the tem-
perature difference between the subcooled liquid and 
the saturated phase interface, which is plotted in Figs. 
4a and 5a. The mass transfer and thus mass flow rate 
changes in Figs. 4b and 5b are induced by the concen-
tration difference between the subcooled liquid and 
the saturated phase interface. The liquid solution ab-  

Table 2. Operating conditions of microchannel absorbers. 

Parameters Values 
Solution inlet flow rate, g/s 0.254 

Solution inlet temp., oC 40/41/42.5*/44/45 
Solution pressure, Pa 2914 

Solution inlet LiBr mass fraction Saturated liquid at Tso and Ps

Refrigerant inlet flow rate, g/s 0.042 
Refrigerant inlet temp., oC 23.6 
Refrigerant pressure, Pa 2914 
Coolant flow rate, g/s  

(liquid-cooled) 2.5* 

Air inlet velocity, m/s 
(air-cooled) 4.0/5.0/6.0*/7.0/8.0 

Coolant inlet temp., oC 28/29/30*/31/32 
* Reference operating conditions. 
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Fig. 4. (a) LiBr mass fraction, (b) mass flow rate and (c) 
temperature variations of air-cooled microchannel absorber 
under reference operating condition. 
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Fig. 5. (a) LiBr mass fraction, (b) mass flow rate and (c) 
temperature variations of liquid-cooled microchannel ab-
sorber under reference operating condition. 

sorbs the refrigerant vapor and gradually increases, 
while the refrigerant vapor is condensed and eventu-
ally phased out at the inlet of the LiBr solution flow. 

The latent heat released during the condensa-
tion/absorption process at the phase interface is 
mostly rejected to the coolant through liquid film and 
in turn cold plate of the liquid-cooled absorber or 
offset-strip-fin of air-cooled absorber. The tempera-
ture of the coolant that flows counter-currently to the 
solution flow, therefore, increases, while the tempera-
ture of the solution decreases along the absorber 
length. The refrigerant vapor gains some of the gen-
erated heat as well. Thus, the temperature of the re-
frigerant vapor rapidly approaches the interface tem-
perature in Figs. 4(c) and 5(c). This implies that the 

amount of heat transferred to the refrigerant vapor is 
not very significant and the vapor side heat transfer 
resistance is negligible.  

Overall comparison of results depicted in Figs. 4 
and 5 shows that the performance of air cooling (Uc = 
6 m/s, Redh,c = 1406) with the aid of offset-strip-fin 
array is comparable to that of liquid cooling 
( 2.5 g/ssm ). It is observed that the mean tempera-
ture difference between the coolant and the LiBr solu-
tion in an air-cooled absorber is greater than that in 
the liquid-cooled absorber, which implies that liquid-
cooled absorber still has more cooling potential than 
air-cooled absorber. However, it should be noted that 
the liquid-cooled absorber needs an additional liquid-
to-air heat exchanger, making the air-cooled absorber 
more favorable to miniaturization. The overall heat 
rejections from the liquid-cooled and the air-cooled 
absorbers to the coolants are 110.7 W and 108.6 W, 
respectively. The air-side pressure drop through the 
offset-strip-fin array is calculated to be 64.6 Pa, which 
is negligibly small. 

4.2 Performance of air-cooled microchannel ab-
sorber under various operating conditions 

The air-side heat removal capability of the absorber 
can be enhanced by increasing the coolant (air) flow 
rate and/or temperature difference between LiBr solu-
tion and coolant (air). Therefore, the air inlet velocity, 
the air inlet temperature and the LiBr solution inlet 
temperature are the adjusting parameters which can 
control the air-side cooling capability. Higher air inlet 
velocity, lower air inlet temperature and/or higher 
LiBr inlet solution temperature provide greater cool-
ing potential. The increased cooling capability con-
tributes to reducing the overall temperature of the 
LiBr solution to coolant temperature so that the LiBr 
solution temperature is kept to be apart from its satu-
ration temperature and liquid-vapor interface tem-
perature. It is verified from Fig. 6, which illustrates 
the effects of those adjusting parameters on the tem-
peratures of air-cooled micro-channel absorber. When 
the air inlet velocity increases from 4 m/s to 6 m/s, the 
average temperature of LiBr solution is reduced from 
36.9oC to 36.1oC, leading to augmentation of average 
temperature difference between LiBr solution and 
liquid-vapor interface. Similar trends are observed 
from Figs. 6(b) and 6(c. Reducing air inlet tempera-
ture from 32oC to 30oC, the LiBr solution average 
temperature reduces by 0.95oC and thus the average 
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temperature difference between LiBr solution and 
interface is increased by 0.14oC. The increase of solu-
tion temperature from 40oC to 41.5oC also augments 
the cooling potential by adding 0.95oC of temperature 
difference between the LiBr solution and liquid-vapor 
interface. 

Unique temperature behaviors are observed from 
Fig. 6 when the adjusting parameters are set to pro-
vide excessive cooling potential at which the effective 
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Fig. 6. Effects of (a) air inlet velocity, (b) air inlet tempera-
ture, and (c) LiBr solution inlet temperature on temperature 
of the LiBr liquid solution, liquid-vapor interface and coolant 
(air) in the air-cooled microchannel absorber for the dimen-
sions and operating conditions listed in Table 2. 

absorption length is less than the absorber length. The 
LiBr solution temperature rapidly decreases and 
reaches its pinch point; it then remains constant along 
with the coolant temperature until the LiBr solution 
meets the counter-currently flowing refrigerant vapor, 
and thereby the condensation/absorption process 
takes place. Since there is no contribution of the latent 
heat generated during the condensation/absorption 
process to the heat transfer, LiBr solution loses its 
own energy more easily to coolant. Moreover, the 
heat transfer coefficient of LiBr solution flow in mi-
crochannel absorber is more than 10,000 W/m2K and 
the solution mass flow rate is only 1% of coolant (air) 
mass flow rate at air velocity of 8 m/s so that the heat 
transfer between LiBr solution and coolant is signifi-
cantly accelerated. Once the absorption process oc-
curs, the interface temperature is drastically separated 
from the LiBr solution temperature in very high de-
gree of subcooling to its liquid-vapor equilibrium 
temperature with the release of latent heat.  

The temperature variations induced by the air-side 
cooling capability variations directly affect the LiBr 
concentration of the LiBr solution and liquid-vapor 
interface, which is the driving force of the mass trans-
fer from refrigerant vapor to LiBr solution. Fig. 7 
shows how the air inlet velocity, air inlet temperature 
and LiBr solution inlet temperature affect the mass 
flow rate of the LiBr solution and refrigerant vapor. 
As expected, the augmentation of air-side cooling 
capability accelerates the absorption rate and thus 
reduces the effective absorption length. When the air 
inlet velocity of 8 m/s was supplied, the effective 
absorption length was only 82.3 mm, while for the air 
inlet velocity of 4 m/s, the refrigerant mass flow rate 
of 0.006 g/s (13.5% of introduced refrigerant vapor 
flow rate) escaped from the absorber as an unab-
sorbed vapor. Also, Fig. 7b shows that the increase of 
air inlet temperature by 4oC leads to the decrease of 
average absorption rate per unit length, which is de-
fined as the total absorbed refrigerant vapor mass 
flow rate divided by the microchannel absorber length 
(L = 10 cm), from 0.61 g/m s to 0.34 g/m s as listed in 
Table 3. The effective absorption length for the LiBr 
solution inlet temperature of 28oC is only 45.75 mm, 
while for the LiBr solution inlet temperature of 32oC, 
116.99 mm of absorption length is expected to be 
necessary for the complete absorption. The LiBr solu-
tion inlet temperature has a significant effect on the 
mass transfer as well. When the LiBr solution inlet 
temperature changes from 40oC to 45oC, the average  
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Table 3. Refrigerant average absorption rates per unit length 
inside air-cooled microchannel absorber. 

Uc, m/s ave, g/m s Tc, oC ave, g/m s Ts, oC ave, g/m s
4 0.36 28 0.61 40 0.34 
5 0.39 29 0.51 41 0.37 
6 0.41 30 0.41 42.5 0.41 
7 0.46 31 0.38 44 0.53 
8 0.50 32 0.34 45 0.60 
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Fig. 7. Effects of (a) air inlet velocity, (b) air inlet tempera-
ture, and (c) LiBr solution inlet temperature on mass flow 
rates of the LiBr liquid solution and refrigerant in the air-
cooled microchannel absorber for the dimensions and operat-
ing conditions listed in Table 2. 

absorption rate per unit length increases from 0.34 
g/m s to 0.60 g/m s. It is possible to deduce that the 
air inlet temperature has a stronger influence on the 
absorption rate than the LiBr solution inlet tempera-
ture. In summary, the enhanced heat transfer capabil-
ity keeps the LiBr solution temperature well below its 
saturation temperature and liquid-vapor interface 
temperature so that the absorber performance can be 
enhanced, along with the transfer and absorption rates. 

Fig. 8 shows the heat transfer network inside mi-
crochannel absorber, and Table 4 lists the correspond-
ing heat transfer rates and average thermal resistances. 
Thermal resistance is evaluated considering both sen-
sible heat transfer driven by temperature difference 
and latent heat transfer driven by mass transfer. The 
thermal resistance of liquid phase is around three-
times larger than that of the vapor phase, making the 
heat transfer resistance of the vapor phase negligible. 
Also, it can be found that in refrigerant vapor most of 
the heat transfer is carried out by the latent heat trans-
fer from refrigerant vapor to the phase interface, 
while sensible heat transfer is the major mechanism in 
LiBr solution. Absorber cooling capacities are also 
listed in Table 4. Due to the unabsorbed refrigerant 
vapor, under the operating conditions of low cooling 
potential, which corresponds to low air inlet velocity, 
high air inlet temperature and low solution inlet tem-
perature, the required cooling power, is smaller than 
that in the reference operating condition. For the op-
erating conditions of high cooling potential, less cool-
ing power is consumed than reference operating con-
dition as well. More efficient absorption driven by 
high cooling potential can be one of the possible ex-
planations for the reduced cooling power consump-
tion. The pressure drop of air flow through the offset-
strip-fin array is almost invariant to the air and solu-
tion inlet temperature variations, while it is propor-
tional to the air inlet velocity increase. The maximum 
pressure drop calculated was 92.5 Pa.  

Fig. 8. Heat transfer network inside microchannel absorber. 
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Table 4. Heat transfer rates and average thermal resistances 
inside air-cooled microchannel absorber. 

Uc qc qsen,l qlatent,l Rave,l qsen,v qlatent,v Rave,l

4 95.4 89.6 2.71 7.71 -1.14 93.5 2.37 
5 102.9 96.8 2.88 7.70 -1.09 100.8 2.11 
6 108.6 102.3 3.01 7.70 -1.05 106.4 1.93 
7 105.9 99.7 2.96 7.66 -1.04 103.6 1.95 
8 105.5 99.3 2.93 7.64 -1.03 103.2 1.95 
Tc qc qsen,l qlatent,l Rave,l qsen,v qlatent,v Rave,l

28 101.2 94.7 2.81 7.59 -1.02 98.5 2.02 
29 105.3 98.9 2.94 7.64 -1.03 102.8 1.95 
30 108.6 102.3 3.01 7.70 -1.05 106.4 1.93 
31 99.2 93.4 2.80 7.71 -1.11 97.3 2.23 
32 90.0 84.6 2.58 7.71 -1.17 88.4 2.58 
Ts qc qsen,l qlatent,l Rave,l qsen,v qlatent,v Rave,l

40 89.2 84.4 2.39 7.67 -1.00 87.8 2.23 
41 97.1 91.7 2.64 7.68 -1.03 95.4 2.10 

42.5 108.6 102.3 3.01 7.70 -1.05 106.4 1.93 
44 105.1 98.2 3.05 7.66 -1.12 102.4 2.13 
45 102.2 95.0 3.02 7.64 -1.18 99.2 2.31 

5. Conclusion 

The performance of air-cooled and liquid-cooled 
microchannel absorbers is numerically evaluated and 
discussed. The results showed that an air-cooled mi-
crochannel absorber incorporated with an offset-strip-
fin array can have comparable performance to a liq-
uid-cooled microchannel absorber. It can be con-
cluded from parametric study that absorber perform-
ance is significantly affected by the cooling capability 
of coolant, which can be controlled by air inlet veloc-
ity, air inlet temperature and solution inlet tempera-
ture. It is found that LiBr solution predominantly 
controls both the heat transfer and mass transfer 
mechanisms in the absorption process. The major 
heat transfer mechanism in the vapor phase is identi-
fied to be latent heat transfer, while in liquid phase, 
sensible heat transfer is the dominant mechanism. The 
pressure drop of air flow through the offset-strip-fin 
array is only affected by the air inlet velocity. At ref-
erence operating condition, the pressure drop was 
calculated to be 64.6 Pa and the maximum pressure 
drop at air inlet velocity of 8 m/s was 92.5 Pa.  
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Nomenclature----------------------------------------------------------- 

Af : Finned surface area, [m2]
At  : Total exposed surface area [m2]
b  : Fin height, [m] 
COP : Coefficient of performance 
cp  : Specific heat, [J/kg K]
DAB : Diffusion coefficient from liquid A to  
   Liquid B, [m/s] 
dh  : Hydraulic diameter, [m] 
f  : Friction factor 
g  : Gravitational acceleration, [m/s2]
G  : Mass flux, [kg/m2s]
h  : Convective heat transfer coefficient,  
   [W/m2 K]
i  : Specific enthalpy, [J/kg] 
j  : Colburn j factor, 2 3St Pr
k  : Thermal conductivity, [W/m K] 
L  : Microchannel absorber length, [m] 

Le : Lewis number, 
ABD

Lp  : Strip flow length of offset-strip-fin, [m] 
m   : Mass flow rate, [kg/s] 
N  : Mass flux at the phase interface,  
   [kg/m2 s]

Nu  : Nusselt number, hhd
k

P  : Pressure, [Pa] 
P   : Perimeter, [m] 

Pe  : Peclet number, hd u

Pr  : Prandtl number, 

q  : Heat transfer rate, [W] 
R  : Thermal resistance, [K/kW] 

Re  : Reynolds number, hud

Refilm : Reynolds number for falling film, 4

s  : Channel or fin pitch, [m] 

Sc : Schmidt number, 
ABD

St  : Stanton number, 
p

h
uc
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t  : Fin thickness, [m] 
T  : Temperature, [K] 
U  : Overall heat transfer coefficient  
   [W/m2K] or velocity, [m/s] 
x  : Mass fraction of LiBr 
z  : Axial coordinate, [m] 

Greeks 

  : Thermal diffusivity, [m2/s]

  : Aspect ratio, s
b

  : Film or membrane thickness, [m] 
  : Mass flow rate per wetted perimeter,  

   [kg/m s]
ave : Average absorption rate per unit length,  

   [g/m s]
f  : Fin efficiency
o  : Overall surface efficiency 
  : Mass transfer coefficient, [m/s] 
  : Latent heat of vaporization, [J/kg] 
  : Dynamic viscosity, [Pa s] 
  : Kinematic viscosity, [m2/s] 
  : Density, [kg/m3]

Subscripts 

a  : Air 
ave  : Average 
c  : Coolant
d  : Desorber 
e  : Evaporator 
i  : Interface 
l  : Liquid phase 
latent : Latent heat 
r  : Refrigerant 
s  : Solution 
sen  : Sensible heat transfer 
v  : Vapor phase 
w  : Wall 

Superscript 

*  : Modified 
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