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Abstract

In this study, an experimental evaluation of a hybrid desiccant air conditioning
in post and pre-cooling arrangements is studied and compared versus the
traditional vapor compression system (VCS). The system is mainly consisted
of a rotary dehumidification unit integrated with a VCS. The dehumidification
unit comprises a rotating liquid desiccant wheel. Lithium chloride is used as
the working desiccant material in this investigation. The effect of regeneration
air velocity, temperature and rotational speed of the wheel on the
performance of the system is studied. The post cooling hybrid system is found
to be an energy efficient system, it saves nearly 23% of cooling coil capacity
compared to VCS. The COP of the post cooling arrangement is nearly twice
that of VCS with reheat. The pre cooling arrangement ensures low dew point !
temperature with an increase of COP of about 70% compared to VCS with
reheal. A rotational speed of 1 rph is recommended for optimum performance.
The results of the numerical model of another work is used for comparison
with the experimental results of this study.

Keywords: hybrid desiccant system; vapor compression system; rotary
desiccant wheel.

Nomenclature

Ce Specific heat at constanl pressure, ¢ Void fraction area (-)
J/kg.K.

d diameter, m Abbreviations

L Wheel thickness, m Abs Absorption

M Mass per unit volume, kg/m® AH Auxillary heater

q Heat of absorplion, KJ/KG.aier cor Coefficient of performance

Q Heat transfer rate, kW ECOP  Hybrid coefficient of performance

T Air temperature, ‘'C SHF Sensible heat factor

v Air velocity, m/s SMRR Specific moisture removal rate,
a/kg.s

Y Air humidity ratio kGyapokGair VCS vapor compression system

Greek 1AQ Indoor air quality
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Subscripts

a Air

[+ Codling eoll

D Deslecant

L Liquid

s Supporiing siruclure
reg regenaralion

\' Vapar

1. Introduction

In any air-conditioning system, two
types of loads have to be met,
sensible and latent loads.
Conventional syslams use vapor
compression unil o meel both
these lcads. To meet Lhe latent
load, air must be dehumidified by
cooling it below Its dew point. The
higher latent heat load, lower Is the
evaporalor temperalure required.
But there is a limitation on the
evaporator temperature 100 since it
must not go below 0°C, the freezing
point, and a wvery low supply
temperature of air can create
situations of cold drafls in the air-
conditioned space. Therefore, in
convenlional systams rehaeat is
often required in high latant heat
load application, which implies very
poor COP, In addition to a lot of
waste energy. In addillon, large
mass flow rates are malntained
because moisture remaval per unit
mass of ar is limiled. Simple
desiccant systems are well suited
to meet latent heat loads. Haere the
process air is brought in contact
with a malerial possesses high
affinity for water Molsture Is
absorbed/adsorbed by this
desiccant material and the heat of
absorption/adsorplion released in
lhe process heals the air up. The
air is fhereafter cooled by passing
over the cooling coil of the VCS.

Ali et al [1] propesed a compact
energy efficient solld dasiccant air
conditioning system. The system
consists of a conventional vapor
comprassion unit combined with a
rotary desiccant dehumidifier. The

drying matrix Is regsneratad
entirely using the heat rejected
from the condenser of the vapor
compression unit through 2 heat
pump whose discharge conditions
are adjusted to sult the
dehumldifier regeneration
conditions. Il has been found that
the overall COP aof the new syslem
improved significantly. Burns et al.
(2] studied three hybrid system
configurations for supemnarket
applications (high latent load) and a
comparison of thelr performance
with conventional air-conditioning
system wes made. The cycles
termad as wventllation-condenser
cycle, recirculation-condenser cycle
and ventlalion-heat exchanger
cycle. they reported thal these
cycles would give energy savings,
in comparison to (he conventional
air-conditioning systems, ranging
from 56.5 lo 66% at moderate
ambient condlitions of 30°C, 0.018
KQvapar'KGair, SHF of 0.36 and space
conditions of 24°C, 0.0104
KQvapo'kGer. These calculations
were based on the concept of
weighted energy consumption, with
one unit of electrical energy
weighted twice thalt of thermal
energy. Singh et al. [3] have
analyzed the afore-mentioned three
hybrid cycles, Introduced in 2], for
Indian climatic conditions. Modeling
of the dehumidifier operating at a
fixed regeneration temperalure of
135°C, and regeneration to process
alr area rallo of 0.33, is done using
the performance dala from a
manufacturer. It is reported that
energy savings ranging from 30%
fo 50% can be easily achleved al
lower SHF.

Investigation by Yadav [4] showed
that the hybrid vapor compression
system was more promising under
high lalent heat load or higher
ambient humidity conditions, and
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significani energy saving can be
achisved over tradlional vapor

reduce electric energy consumplion
in air condiioning. As an example
nt amblent lemperature of 40°C, air
numidity ratio of 0.015 kQuepes™Qa air
and & SHF of 0.8, the proposed
system consumes about 0.3 of Ihe
energy
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increasing the lemperature and
decreasing the specific humiddy of
the inlel ar lo the reganerator
Further, the solution temperature
has negligble effect on fhe
pedormance of air dehumidification
or solulion regeneration owing lo
low flow rate of the solution.

petaning 1o the hybnd desiccant
air-conditioning are few.

in this paper, some experiment

reported and Ihe effects of the
relevan! operaling parameters on
the perfomanca of the whole
gystam are analyzed

2. The Hybrid Systam

A schemabc dlagram of hybrid
deslccant air condltloning system in
both arrangements is shown in
Fig.t. Tha proposed syslem Is
mainly consisted of a
dehumidification umil (mainly a
rolating liguid oOesiccant wheel)
inlegrated with a vapor
compression sysiem (VCS). In the
post coolng hybdd desiccanl
syslem shown In Fig.1 (a), ar is
dehumidified in the desiccant wheel
(A} belore it eniers the cooling coil
B) of the DX unit. The
dehumidified air s then cooled lo
the desired condilions by e
cooling col (B) The desccant
wheel is regeneraled using the
condenser (G) heat of the VCS and
further heated by using an awdiary
heater (F). The psychomatnc chart
of this system is shown in Fig.2 (a)
in the pro-cooling hybrid desiccant

systern shown in Fig 1(b), eir is
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speed decreases. This i5 because
that the lower the rotational speed
the higher the contact time
between air and desiccant maternial.
As the contacl ime between the
desiccant malerial and  air
increases the absorption and
regeneration processes are
enhanced. When the wheel turns
faster between the dehumidification
and regeneration parts, there is no
enough contact time belween air
and desiccant material. Eventually,
it s recommended to lower the
wheel speed to obtain Mmgher
dehumidification performance and
hence higher ECOP and SMRR.
The ECOP increasing with the
process air mass flow rate increase
due to the increase of tolal cooling
capacity. But it is observed that
with higher values of process air
mass flow rate, the enhancement in
ECOP is decreased.
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Fig.6 Variation of ECOP wilh rph

7.1.2 Effect of Regeneration Air
Temperature
Figures B and 9 show the variation
of ECOP and SMRR with the
regeneration  air  temperalure
respectively. The ECOP of post-
cooling decreases with the
increase of regenaration
temperature, see Fig8. As the
desiccant wheel serves the latent
load in the post-cooling
arrangement, high regeneralion

temperature means high energy
input to regenerate the desiccant
material and so low ECOP., The
SMRR increases with the
regeneraticn temperature increase
as shown In Fig9 As the
regeneration temperature
increases the dehumidification
efficiency also increases and so the
humidity drop Is large.
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7.1.3 Effect of Regeneration Air
Velocity

Figures 10 and 11 show the
variation of ECOP and SMRR with
the regeneralion air velocity
respectively. The regeneration
temperature and the regeneration
velocity have an observed effect on
the ECOP and SMRR. This is
because that the amount of
regeneration heal is controlled by
both regeneration temperature and
regeneration air velocity. As the
regeneration air velocity increases
the ECOP of the post-cocling
decreases. But the SMRR s
enhanced with the (ncrease of
regeneration air velocity Also. the
comparison between measured
data and calculated resuits
obtained from [14] for the ECOP
and SMRR at different regeneration
velocities shows a reasonable
agreement between the measured
data and calculated results. The
difference is in order of 2.5 to B
percent; this may emphasize the
validity of the madel introduced in
(14] to predict the performance of
the hybrid system. The difference
may be due to the assumplions of
the theoretical model and also, the
accuracy of the measurements.
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7.2 Pre-Cooling Arrangement
The effect of the same parameters
described in the post-cooling
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arrangement are used [n the pre-
cooling arrangement. But due fo
the difficuity in controlling the
regeneration lemperature exiting
from the condenser, the auxihary
heater is used here to contro! and
adjust the regeneration heat.

7.2.1 Effect of Wheel Rotational
Speed

Figures 12 and 13 show the
variation of ECOP and SMRR wilth
the rotational speed respactively.
For the same causes mentioned
before in the post-cooling, the
ECOP and SMRR for the pre-
cogling arrangement is also
increasing as the rotational speed
decreases. Eventually, it is
recommended to lower the wheel
speed to obtain higher
dehumidification perfoarmance and
hence higher ECOP and SMRR.
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7.2.2 Effect of Regeneration Air
Temperature

Figures 14 and 15 show the
variation of ECOP and SMRR with
the regeneration alr femperature
respectively. The ECOP of the pre-
cocling amangemenl increases as
the regeneration ar lemperature
increases as shown in Fig.14. This
I8 because the process air
temperature is very low before
entenng to the desiccant wheel so,
Ihere is no need o regenerate the
desiccant wheel at high
temperature. The condenser heat
is very sufficient for regeneration
process and hence there Is no
need for auxliary heating as in
post-cooling arrangement. The
SMRR i increased with the
regeneration temperature increase
as shown in Fig15 As the
regeneration tem

increases the dehumidification
efficiency also increases and so the

humidity drop is large.

7.2.3 Effect of Regeneration Alr
Velocity

Figures16 and 17 show the
variation of ECOP and SMRR with
the regeneration air  velocity
respectively. The regeneration
temperature gnd the regensration
velocity have a similar affect on the
ECOP and SMRR. This is because
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that the amourt of regeneration
heal & controlled by both
regeneration  lemperature  and
regeneration air velocity Tha
Increasing of regensrabion air
velocity increases the ECOP of the
pre-cooling amangemeant as shown
n  Fig.16. Thie because the
condenser energy I8 very sufficent
o regenarale the wheel in lhis
arangemen| as mentioned In the
previous section Also SMRR s
enhanced with the increase of
reganerabon air velocity.

7.3 The Hybrid Desiccant
System and VCS

Figure 18 shows the COP for the

hybrid system in post and pre-

cooling VCS and

VCS with reheal. It is clear that the
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COP for each system increases
with the mass flow rate because

. Weiured COP 81109, vekodity=0.1 mib,
----- Calculsind COP ot rag velociy-0.§ mhs,
Wasured COP atrag velacty=10 mis
+ - g COF ateng. =1 s

sk ¢
- Meswrnd COP ol reg veloery=1 § sty
L

Cak COP ot reg. veloCity=1.0 mi
Wasuied COP sl rag valocity=1 b ey
= Caeulated COP 0 reg. velocity=) Smiy »

-
-
.

v . X=0.4, ph=1.
Tawg, a®28 °C.
Tiwg =80°C.

L s s i L
[} (] ] At " m
Procers ule mass Aow rete{kg/ming

Fig.16 Variation of ECOP with Ve,

- Meanurod SMAR at reg. relocity=0 1 mi

< SMER ot reg. My—a.dmin

+* Masiured BMAR 8 reg valpsity=10 mhy
----- SRR o vy = 1.0min
L Meniured BMAR of rop relocity=1 6 mn

e

— = CaicUlated BMAR vl reg veloity= Limis
L] Maavuced BMRR of 1o velociy=20 ma
= ¢ = Caicuinted BMAR o1 ing voiocity=1.0rvs

0.2 b

sMen (phg.s)

[ AL 3 3

i M =
L] L] 4 1 " n
Procesd sl mais Row inle (Lpiming

Fig.17 Variation of SMRR with Ve,

12

e HiySid posi qoaing
Hyt L LB

F R S

X=0.4, rph=1.
Tl"! »===28 °C.
Treg.=60°C.

a L] ; !tl I.l i
Process ale mans Raw 1ats |agimin)

Fig. 18 Variation of COP with air mass

flow rate.

the supply air cooling capacity
increases. The COP of the hybrid
system in post-cooling mode has
always superior COP over the

whole modes due to the latent load
removed by dehumidification in the
desiccant wheel before air cooling.
The hybrid system in the pre-
cooling mode has a COP lower
than that of the VCS because the
process air enters to the cooling
coil then passes over the desiccant
wheel ie. the total latent and
sensible loads are removed by the
cooling coil. Also the regeneration
heat required for the wheel
represents a penalty on the COP.
The value of COP of VCS with
reheat is nearly 50% of that of post
cooling hybrid system.

Figure 19 shows that the SMRR for
the pre-cooling hybrid desiccant
mode reached higher values than
other systems and this explains
why this system has the lower dew
point temperature. The pre-cooling
mode is usually used when the
design supply air dew point
temperature is very low and it is
also used for controlling the relative
humidity which is an important
measure of maintaining good
indoor air quality (IAQ). Fig. 20
shows the variation of dry bulb
temperature (DBT) for the different
systems, the pre-cooling mode has
a DBT higher than the VCS due to
the sensible heat gain from the
dehumidification of process air after
leaving the cooling coil. Also, from
Fig. 20 the post-cooling hybrid
desiccant based system achieves
the same cooling load as the VCS
with reheat but with an energy
saving of nearly 50%. The sensible
heat rise here is significant as it
leads to further lowering in DPT
and moisture content of the
process air which helps in humidity
and temperature control. Fig. 21
shows the cooling coil capacity and
energy saving percent. The post-
cooling mode has less cooling coil
capacity than the pre-cooling and



