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Abstract

An innovative hybrid hollow fiber membrane absorber and heat exchanger (HFMAE) made of both porous and nonporous
fibers is proposed and studied via mathematical simulation. The porous fibers allow both heat and mass transfers between absorp-
tion solution phase and vapor phase, while the nonporous fibers allow heat transfer between absorption solution phase and cooling
fluid phase only. The application of HFMAE on an ammonia—water absorption heat pump system as a solution-cooled absorber is
analyzed and compared to a plate heat exchanger falling film type absorber (PHEFFA). The substantially higher amount of ab-
sorption obtained by the HFMAE is made possible by the vast mass transfer interfacial area per unit device volume provided. The
most dominant factor affecting the absorption performance of the HFMAE is the absorption solution phase mass transfer coef-
ficient. The application of HFMAE as the solution-cooled absorber and the water-cooled absorber in a typical ammonia—water
absorption chiller allows the increase of COP by 14.8% and the reduction of the overall system exergy loss by 26.7%.
© 2006 Elsevier Ltd and IIR. All rights reserved.
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1. Introduction
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Nomenclature

Interfacial area, m?

Heat capacity, WK™

Diameter of fiber, m

Diffusivity, ms ™’

Heat transfer coefficient, W m 2K}
Molar enthalpy, J mol ™"

Partial molar enthalpy, J mol™"

Gas phase mass transfer coefficient, ms™
Liquid phase mass transfer coefficient, ms™
Thermal conductivity, Wm™' K™

Molar flow rate, mol s~

Molar flux per segment, mol s~
Segment n

Nusselt number, hd/K

Prandtl number, C,u/K

Heat flux per segment, W
Reynolds number, dpv/u
Schmidt number, u/pD
Sherwood number, kd/D
Overall heat transfer coefficient, W m2K™!
Liquid phase molar fraction of ammonia
Gas phase molar fraction of ammonia

Fiber thickness, m

Fiber porosity

1
1
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n Viscosity, gem™ '™

o Density, mol m >

g Ratio of ﬂUXCS, ]\]1\1].[3/(1\/'1\1].{3 + NHZO)
T Pore tortuosity

Subscripts

aabs Air-cooled absorber

ana Analyzer

BG Bulk gas

BL Bulk liquid

CL Cooling fluid

gen Generator

GM Gas—membrane interface

i Component i

int Gas—liquid interface

LC Liquid—cooling fluid interface
M Membrane

MH Membrane for heat transfer
ML Membrane—liquid interface
MM Membrane for mass transfer
rec Rectifier

sabs Solution-cooled absorber
shx Solution heat exchanger
wabs Water-cooled absorber

capability of utilizing low-temperature heat sources, and
(2) the use of a refrigerant which will not cause the ozone
depletion problem. The performance of the cycle is highly
related to the heat and mass transfers of major compo-
nents, including absorber and generator [1]. Absorber is
the component which has been extensively investigated
[2—6]. Besides the generally adopted falling film type
device, bubble type device, has been investigated by
Kang et al. [6,7].

Hollow fiber membrane contactors made of non-selec-
tive, porous membranes have been widely accepted as effec-
tive gas—liquid or liquid—liquid devices [8]. The major
advantages include: (1) large, undisturbed, known and con-
stant interfacial area available in small volume, (2) indepen-
dent gas and liquid velocities which avoid flooding, loading,
turn down ratio problems from two-phase flows, and (3)
straightforward scale-up. Heat exchangers made of various
nonporous polymers, such as high temperature nylon, poly-
propylene and cross-lined polypropylene, have been investi-
gated [9—11]. The experimental results of Zarkadas and
Sirkar [11] indicated that the extremely large surface area/
volume ratio makes polymeric hollow fiber heat exchangers
more efficient than metal heat exchangers for lower temper-
ature applications.

This paper proposes an innovative hollow fiber mem-
brane type device for applications to the ammonia—water
absorption heat pump systems. The performance of this

hybrid hollow fiber membrane absorber and heat exchanger
(HFMAE) as the absorber of a typical ammonia—water
chiller is studied via theoretical modeling and simulation.
The heat transfer and mass transfer characteristics of this
absorber are analyzed and compared to that of a plate
heat exchanger falling film type absorber (PHEFFA). The
performance of an ammonia—water absorption chiller
employing HFMAE is analyzed and compared to the litera-
ture’s results.

2. Ammonia—water absorption cycle and
absorber devices

The configuration of an absorption heat pump cycle can
be quite complex if extensive heat exchanges are imple-
mented among various streams within the cycle. A typical
example is the generator—absorber heat exchange (GAX)
cycle [12]. In this paper, a literature reported [13] and ana-
lyzed [14] ammonia—water chiller is adopted for the study.
The system diagram of the chiller is illustrated in Fig. 1.
Chua et al. [14] analyzed the chiller via developing a mathe-
matical model. The system operation conditions reported in
that paper are adopted in this study. The high and low oper-
ation pressures are set at 2070 kPa and 480 kPa, respec-
tively. Heat integrations are implemented in the refrigerant
heat exchanger, rectifier, solution heat exchanger and
solution-cooled heat exchanger. In Chua et al. [14], the
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