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ABSTRACT: This paper examines the feasibility of replacing a tube-channel energy exchanger with
a three-channel energy exchanger in a real energy recovery system. The performance of both energy
exchangers is then compared under dimensionless atmospheric conditions. In the three-fluid exchanger,
a semi-permeable membrane separates the desiccant solution from the ventilation air. Moisture and heat
transfer between the two fluids through this membrane, while water, as the third fluid, either absorbs
excess heat or returns the lost heat to the desiccant solution. In the tube-channel energy exchanger,

water flows through tubes inside the desiccant solution channel. However, in the three-channel energy  Keywords:

exchanger, water channels are placed on both sides of the desiccant solution channel. Mass and energy - oy Exchanger
Tube-Channel

Three-Channel

conservation equations are derived and solved using the finite difference method in Fortran. The study
investigates the effect of different water channel geometries on energy consumption and the efficiency
of both sensible and latent heat in these energy exchangers. Results indicate that, for a mass ratio of 1,
the three-channel energy exchanger shows up to 5% improvement in latent heat efficiency and 25%  Energy Consumption
improvement in sensible heat efficiency compared to the tube-channel energy exchanger. Additionally,

thegeometric improvement coefficient is predicted to be greater than 1.

Ventilation System

1- Introduction

Membrane energy exchangers regulate heat and humidity
in HVAC systems by using a semipermeable membrane to
separate a desiccant solution from ventilation air, facilitating
water vapor transfer. These exchangers reduce system size
by eliminating separate humidification and dehumidification
units, minimizing issues like salt infiltration. However, they
face challenges due to heat generated during vapor absorption
or release.

Li et al. [1] analyzed various flow configurations in
a three-fluid membrane energy exchanger with internal
cooling. They found that a crossflow arrangement for air
and desiccant, combined with counterflow cooling water,
maximized cooling capacity. Kumar et al. [2] reviewed
HVAC advancements, highlighting desiccant integration
with vapor compression for 40%-80% energy savings. Navin
et al.[3] focused on internal cooling strategies to enhance
performance.

This study explores a three-fluid liquid-to-air membrane
exchanger for residential and commercial HVAC applications.
Since geometry significantly impacts efficiency, we propose
replacing conventional tube-channel exchangers with three-
channel designs. Unlike prior research, which has not
compared these geometries, this work models both, analyzes
dimensionless governing equations, and evaluates key
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parameters affecting efficiency and energy consumption.

2- Methodology

This study compares the energy performance of two
three-fluid liquid-to-air energy exchangers (Figure 1) used
in HVAC systems. In this transformation, both exchangers
occupy the same volume. For an accurate comparison, the
airflow rate, desiccant solution flow rate, and cooling water
flow rate are kept identical. By modifying the water channel
geometry and assuming an equal Reynolds number for water
in both configurations, a specific ratio is obtained. Given that
the sum of pipes diameter and pipes spacing determine this
ratio, a coefficient of 0.57 is derived, indicating that the pipe
spacing is smaller than the pipe diameter. This geometric
modification aims to enhance the heat exchange area and heat
transfer coefficient for improved efficiency. Based on previous
studies [1-3], the pipe spacing is generally considered greater
than or equal to 2.5 times the pipe diameter, increasing the
heat exchange area ratio of the three-channel exchanger
compared to the tube-channel type.

However, assuming identical flow rates and Reynolds
numbers for water, only heat transfer coefficients vary.
Thus, this study compares exchanger performance under
equal Reynolds conditions to determine the minimum
expected efficiency improvement. In this study, calcium
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Fig. 1. 3D schematic of a) tube-channel b) three-channel
energy exchanger
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chloride is used as the desiccant solution, and the impact of
desiccant temperature, on the exchangers’ sensible and latent
effectiveness is analyzed.

Mass and Energy Conservation Equations for Airflow
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Mathematically, the equivalent friction factor for the
desiccant and water channels can be expressed as Eqs 6 and 7.

12Wﬂw S w
f;*duct :|: wd 3 [mx +1]:|/(dprcf) (6)
12w,
fTuhe duct — |: L l23 . [5 3 tube .M +O 125]:|/(dpre/) (7)

Equation (8) represents the improvement or lack
of improvement in efficiency as a result of geometric
modifications.

= e
( y ]3 ®)
f;’ ube—duct
The compressor work in a cycle can be expressed as Eq. 9

WC* = (1 + m 9en,27-.;:l,in) (9)

3- Results and Discussion
A comparison of the dimensionless equations reveals that
for two different geometries, the heat transfer area between
water and desiccant solution and the heat transfer coefficient
differ. Assuming equal surface areas, the heat transfer
coefficient plays a significant role in the difference in the
results between the two geometries. Given that the Nusselt
numbers inside the tube and channel are constant for fully
developed laminar flow, and assuming Reynolds numbers
are the same for both geometries for water flow, as seen in
equation (8), the value of gis found to be 1.65. According
to the relationships obtained in equations (6) and (7), and the
number of tubes, which is greater than one and equivalent to
2L/7d, , it is only when 1, / m, is at least equal 5 that the
value of Frieoanes Wil bE less than 1, . Since the length of
the exchangers i is always much greater “than the channel width
and, therefore, the tube diameter and the desiccant flow rate is
equal to or less than the cooling water flow rate [1-3], it can be
reasonably assumed that the friction factor of three-channel
geometry will always be less than that of the tube-channel
geometry. The overall heat transfer coefficient, as indicated
by the governing equations, is also less for the tube-channel
geometry, even assuming the same Nusselt number for the
desiccant in contact with the outer tube wall, compared to the
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Fig. 2. Changes in the improvement of sensible and la-
tent efficiency of the three-channel exchanger compared
to the tube-channel exchanger

three-channel geometry. Based on these points, the value of
the g for the three-channel geometry is found to be greater
than 1. Therefore, it can be concluded that, in all cases, the
three-channel geometry will always have better heat transfer

effectiveness than the tube-channel geometry.

Fig.2 shows improvement percentages of sensible and
latent effectiveness of the three-channel energy exchangers
the than tube-channel energy exchangers.

4- Conclusion

This study compares the energy performance of two
exchangers with different geometries. The three-channel
exchanger shows lower energy consumption for heating and
cooling, with a 25% higher sensible efficiency than the tube-
channel exchanger when the desiccant temperature is 0.
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Fig. 3. a)Control volume of the desiccant channel in

the tube-channel exchanger, b) Control volume of the air

channel in both energy exchangers, c) Control volume of the desiccant channel in the three-channel exchanger

or” (¥)

*

+ NTUsen,1 (711*

ir

_Ts:;I) =0.0

S S oo by sl 551 9 Py Sl Yolae =V ) Y

*

sl RINTU,, (37, = w,,) = 0.0 (%)
T, . N
a_ﬂ:‘l _msen,1NTUsen,1(Tair _Tml ) -
* * * (a)
HabsNTUIat (W air —-w sol ) +
NTUsen,Zm:en 2 (Ts:1 _thxter) = 00
)

Ddien 0o jblen 5 (S SS Jglome 1 O jlou (JoSle D9
Dy g0 48,5 las 3 5B ST Ran byl S (S oY
Psdee 088 2l e colaY

D)5 oo oy adly drwgd MolS o el obyY

Dedise o ol SVl oles 0

oo Casd 4 o )l (6550 by (58 b o)l sl iyl p-F

doa by slp g5l 9y sli Yoleo =Y =) =Y

*
aM}(«zir

*

+ NTU,

lat (W* - w;)l) = 00

air

oYo



VOYE B VDY dois AF+T Jlo VY o)l DF 093 «pusS yuol Silo wdieo 4 pii

b= Nuk (“,,)
Dh
2
hm:£{11}3 oY)
¢, Dy
Nu,, = Nu,, =823 (Vo)

Ojgo & dwdin 93 0 gl @S Vol o sl (5550 il
Do oo 48,5 A 13 (Y4)b (V) &Voleo

T, (x',00=C, where 0<C, <1.0 (V)
X', (x,0)=1.0 (V)
T,.(x,0=10 (\A)
T,,(0,)=0 (0
,,(0,5)=0 A

ol as A8l (Gl drwgs > 3 JUS 3 b o5 (Syse 5
e g VF] lSan 5 L 1 5 oolial L A/VY

o b Jawe o Slas Sbjl gl (VY =VY) @Yoleo (pocen
Bigd (g 485

oo (oo 033 0125 35 & SDP 5 1,001 « gy, S

23 o i 1y pdaw Axlg y 0aud ddle Cugby ylies o

m, W. . —W.
SDP _ _air ( air,in azr,aut) (Y\ )
deh
ndeh — W;ir,in - VVair,out (YY)
I/Vair,in - VVsol,in

ol gy lp 55 sl ©Yols =¥ ) Y

T, . o
% - NTUven,Z (7201 - Ylmter) = 00 (;)

Yol Cjge U, U I @)l > Jlsl cops &Yoo ol )

g g0 i yai (A) 5 (V)

-1
U — L + é‘mﬂ + L (V)
hsol kmem hair
1§ 1 T
Um — g mem 4 (/\)
hsol,m m,mem hair,m

i & WSt JUS g S sl S sl s

Lgd oo iy yai (1Y) g (1) SYoleo )90 @

-1
U=l L 4 1n(i)Jr ! )
hi ,water 2 ktube di ho ,water

odlawl b ho,water 5 hi’water Oyl sl colps (1) doles 4o &S

g o dwlre i Sygo 4 [Ve] cdol polhe

N, e = 0.664(Re)* (pr)"” ()
Nui,water = 436 (\\)
19 '
Ur: - 4 ch,w 4y (\Y)
hwater kch,w hsol

Al o MY plys sl jlade 1 odlizl b (YY) dsles 3 A1, &S
deobro (gl g 039 wline (A (V) ©Yoleo dwiin 93 2 (glp

Sy oo o8 sl 3,90 (V0) b (V) sl &l > Jisl ol

Yoy



2Wu, . m T. -T.
~ w +(————=—)H11/(d ya _ tair,n air out
fs*dm prd03 [mW ((Dh,su/ _1)3 )] ( p’”‘?f) ( ) 77600] B T — . (YY‘)
2do air,in water ,in
ssbte 4 (Spae 5l Gl (w)p sslaie 4 (VA-YY) ©¥olee
: o X5 y:S oo 518 ool 3)90 (5551 (slo S 3 @Vl (135 ey
| 12y s 5, ™ M@ Y.
f;“ld = prd03[ . nmbemw"'(m)] ( Png/) ( ) 'J‘:’ju" Cawd 4 (m) “L’-.’l) }| JUIS 5 (Y\‘) Ahgl) L ‘09] SKlhol o
2d, (YY) alaly 51 any 38 1) sl dusles 5 (V) oy ) Lo
Olyass e 3 oS g0 pae b dauy (YA) dlasly 308 (0 duwles
sl 63 eJsbee JUIS e [Ve-¥] atsiS claylS jepe b 30 (U3 1) dwsin >
Py godle g yge 4 SVoleo 1l o] 3 0nd (6)5ols (sladly)
64
gd e duslie LB oo b pgd 9 Jol sl /= Re, (¥¥)
ube—duct
12W i,
| — s 24 1] |/ (4] AR
.}(37{1“([ |: pr 03 [ms ]:| (pref) ( ) f: 96 (Ya)
Re3fduct
12W i
~ w s w \“Y
fTubefduct _|: prdo3 [5‘3ntube T'ilx +0125]i|/(dpref) ( ) Ap :lprVQ (Y;)
2° D,
b oiloye sl 5 3590 5551 (s sl (YY) ©¥olese W, =vAp (vV)
(¥5) dolee 2,8 oo 1,3 oolil 3y90 O g (S SKitS Jgloo il )5
SaS L &S a3 0 58 (qwy 3y50 1y ygeypeS ) a9yl Nuy
23,5 o dumle (YO-TY) &Yoleo B ZM
[ I )3 (YA)
f‘Tufmﬂlﬂd
WC = (Qwater +Qsol) / COP (‘”‘”)
= (1 T -7 .
Qwater (mwcp,w)( water ,in azr,m) 45 &)A )m k.;gé‘ k&? 9 Jblf 9) d‘.ﬁ)l.w.é L:Aél 8 > )l QBLM dwdid
ool b 2gu5 oo 0dlaiinl ol ois 48 )3 Ja5 55 LSS dwdin 93 gl
Q1 = (i, Ty iy =T i) (Vo) S oo (3008 ol sl o3 Jlesl g JUI o gy (V8) dolas 51
Aol o oty (¥4) 5 (YA) &Yoleo 3
.k 1 1 * v;)
WC = COP (1+m xen,ZI;OI,in) (

yovy



VOYE B VDY dois AF+T Jlo VY o)l DF 093 «pusS yuol Silo wdieo 4 pii

V] @2 30 8591 I )3 YL (6399 Jasl il ) Jgis

Table 1. Fluid inlet conditions in the reference energy exchanger[7]
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Table 2. Comparison of the present numerical work with the reference experimental work|7]
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Table 3. Comparison of the results of the present numerical work with two different geometric configura-
tions: tube-channel and three-channel, under reference conditions|7]
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Fig. 4. a) Air outlet temperature as a function of the inlet temperature difference between the desiccant solution

and air, b) Variations in the relative humidity ratio of the outlet air, based on the inlet temperature difference

between air and the desiccant solution, ¢) Changes in the improvement of sensible and latent efficiency of the

three-channel exchanger compared to the tube-channel exchanger, based on the inlet temperature difference
between air and the desiccant solution(Continude)
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Fig. 5. a) Sensible efficiency of the three-channel and tube-channel exchangers at different mass flow ratios of
air to the desiccant solution, b) Relative latent efficiency of the three-channel exchanger compared to the tube-
channel exchanger at different mass flow ratios of air to the desiccant solution
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