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1 Introduction
This paper consists of two parts. In the first half of the manuscript, the detailed air

conditioning design of a mechanical engineering lab at King Faisal University is presented. Therein,
the heating load in the mechanical engineering lab is first evaluated. The human comfort
conditions are established using ASHRAE engineering standards. Different air conditioning layouts
and mixing proportions are considered therein. The air conditioning design is established such that
the required project constraints are addressed. In the second half of the manuscript, the cooling
coil design for the air conditioning process is compared using chilled water and ionic liquid-water
mixtures. The cooling coil is a finned cross-flow heat exchanger and the design of the cooling coil is
established in terms of dimensionless parameters. These parameters govern the steady state
performance of a heat exchanger. For brevity, only the design of the air conditioning process and
the design of the cooling coil (air-to-coolant cross-flow heat exchanger) are shown in this paper.

Ionic liquid-water mixtures are gaining popularity due to their inherent characteristics such
as chemical and thermal stability, energy storage, low freezing point, low vapor pressure, etc. The
paper evaluates the performance of ionic liquid-water mixtures as a secondary refrigerant. In this
project, a comparative study on various coolants such as chilled water, ionic liquid mixtures with
H,O composed of the tetradecyl trihexyl phosphonium ([Piss66]") cation coupled with butanoate
([ButO]: CsH,COO"), hexanoate ([HexO]: CsH;;COO"), octanoate ([OctO]: n-C;H;sCOO"), and
decanoate ([DecO]: n-CsH1sCOO") anions have been studied. It must be noted that the properties of
ionic liquid-water mixtures can be readily altered by adjusting the concentration of water and by
altering the chemical structure of anion and cation. For favorable pumping, and for favorable
convection heat transfer, various thermo physical properties such as dynamic viscosity, density,
thermal conductivity, specific heat, etc. are of significance. Based on the application, the properties
of ionic liquid-water mixtures can be quickly altered according to the requirements.

The ionic liquid-water mixtures have been studied for refrigeration applications.
Specifically, they have been widely considered in the absorption refrigeration system. However, the
application of ionic liquid-water mixtures is not yet widely considered (as a secondary refrigerant)
in the conventional vapor compression refrigeration system.

Oster et al. (2018) described the production of ionic liquid-water mixtures and their thermo
physical properties. Oster et al. (2018) also reported various models for predicting the thermal
properties of pure ionic liquids, in particular, their thermal conductivity and heat capacity.
Chereches and Minea (2021) experimentally evaluated the electrical conductivity of ionic liquid-
water mixtures and alumina nanoparticles. Nimmagadda et al. (2021) numerically investigated the
thermal performance of unidirectional and bidirectional lid-driven cavities using ionic liquids
enhanced with nanoparticles. Prasher et al. (2021) studied the use of ionic liquids in photonic
heaters used in solar desalination. El Sinawi et al. (2021) investigated the performance of ionic
liquid-water mixtures in an acetone cooling application using a double pipe heat exchanger.

Chereches et al. 2019 experimentally investigated the thermo-physical properties of ionic liquids
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enhanced with nanoparticles. Asensio-Delgado et al. (2021) examined the absorption separation of
refrigerant vapor with ionic liquids. Ferwati et al. (2021) studied ionic liquid-water mixtures as an
alternative refrigerant for the absorption refrigeration system. Varela et al. 2020 examined ionic
liquids via experimentation and simulation for a desiccant air conditioning system. Watanabe et al.
2019 also reported the use of ionic liquids as liquid desiccants for air conditioning systems.
Silaipillayarputhur and Idem (2013) developed a procedure to understand the steady state
performance of cross-flow heat exchangers. Zhai et al. (2021) considered an absorption
refrigeration system using water and ionic liquids. Therein, they employed plate heat exchangers as
absorbers in the absorption refrigeration system. Liu et al. 2022 considered the working pairs of
dimethyl ether and ionic liquids for absorption refrigeration systems. The solubility of dimethyl
ether with ionic liquids was measured. The combinations presented in the work yield high COP, and
have environmental friendliness. Araujo et al. (2022) considered the performance analysis of water
and 1-ethyl-3-methylimidazolium-based ionic liquid mixtures in an absorption refrigeration
system. The work provides an alternative to the conventional water/LiBr absorption refrigeration
system that has crystallization issues.

Gao et al. (2021) considered sorption cold energy storage and transmission using ionic liquid
absorbents. Li et al. (2021) studied the viscosity characteristics of carbon-di-oxide-ionic liquid
mixtures that could be applied in absorption refrigeration systems. In this work, the effects of
carbon-di-oxide solubility, pressure, temperature, and ionic-liquid molecular arrangement on the
blend viscosity were examined. Zhai et al. (2021) considered the performance and optimization of
absorption heat pumps using ionic liquids. The performance of five different ionic liquid-water
mixtures was considered in this work. Ayad et al. (2021) determined the thermodynamic properties
of tricyanomethanide-based ionic liquids that could potentially be used for absorption heat
transformers. Bergman et al. listed several relationships required for modeling the thermal
performance of heat exchanger systems. A few relationships listed therein were used in this work.
Likewise, McQuiston et al. (2004) presented analysis and standards to be used in air conditioning
systems and these have been applied in this work.

2 Project Description

In the design of the air conditioning process, the room (lab) total heat must be determined.

Room total heat consists of heat transmitted from walls, windows and heat generated in the room

itself. This heat must be removed to maintain a steady comfortable condition in the room.

2.1 Room Total Heat
Due to solar radiation, it is assumed that the average temperature that the walls and

windows are exposed to is 55°C which is representative of Al Ahsa, Saudi Arabia. Radiation is
treated as a surface phenomenon and solar radiation heats up the surface of walls and windows on

the exterior side.
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The temperature difference between the surfaces of the wall/windows serves as the driving
potential for heat transfer. It is also assumed that the wall is made out of bricks and the windows

consist of double glass panes separated by means of an air gap.

Wall Window
.0085m 0085m
T.=55 °C T,=22°C T, =55 °C T.=22°C
Bulding Air gap
brick S K= 0.0267
K=0.25 W/mk W/mk D

Figure 1: Wall and window dimensions

Per Bergman et al. the rate of heat transfer through the wall can be given as
AT

q =17
wall [%]wa“

(D),

where

L — thickness (m)
k — thermal conductivity (W/mK)
A — area normal to heat flow (m?)
The rate of heat transfer through the walls was determined to be 587 W. The rate of heat
transfer through the windows can be given per Bergman et al. as
AT

Qi _ x # of windows (2).
N AT A '

The rate of heat transfer through the windows was determined to be 223 W. The heat
transfer through walls and windows can be classified as sensible heat.

Heat is also generated within the room through electrical instruments and humans. Humans
add both sensible and latent heat to the room. The total amount of heat generated in the room

from humans can be determined as

dpeople = [sensible heat + latent heat] * # of people, 3)

As per ASHRAE STD 55 (2017) from McQuiston et al. (2004) for humans within the work
environment where no physical activity is involved, the average amount of sensible heat and latent
heat generated by a person is ~90 W and 60 W, respectively. The maximum number of people in the
lab was arbitrarily considered as 30. Thus, the total heat generated in the room from humans is
~4500 W. In addition, there are 64 electric bulbs having a rating of 85 W. Therefore, the sensible
heat generated in the room from electric bulbs is 5440 W. The net heat load in the room is

presented in Table 1.

http://TuEngr.com Page | 4



Table 1: Heat load in the room

Item Sensible heat (W) Latent Heat (W)
People 2700 1800
Light 5440 0

Glass 223 0

Wall 587 0
Total 8950 1800

It can be seen that the total heat generated in the lab is 10.75 kW.

2.2 Project Constraints
The constraints for the air conditioning project are described in Table 2.
Table 2: Project Constraints

S. No Item Description
1 Apply ASHRAE STD 55 (2017), human comfort temp condition, per McQuiston et al. 22°C -26°C
2 Apply ASHRAE STD55 (2017), human comfort relative humidity (RH), per McQuiston 50% - 55%
etal.
3 Outside air for freshness per ASHRAE 62.1 — 2013, per McQuiston et al. 0.142 (m3/min)/person
4 Remove the generated heat in the room 10.75 KW (at least)

3 Design of Air Conditioning Process
Herein, based on industry practice, a psychrometric chart was used to design the air
conditioning process. The psychrometric chart is described in Figure 2. The various properties

pertaining to comfort air conditioning are depicted in the chart. As an example, properties are
presented for air at 40°C and 20% RH.

ASHRAE PSYCHROMETRIC CHART NO. 1
NORMAL TEMPERATURE SEA LEVEL
BAROMETRIC PRESSURE 101,228 nPa

&
T T S T T

Dry bulb temperature

Relative humidity &

Specific volume

Enthalpy

Specific humidity

e
Dew point tempera fure \ N
3 A
)

o,

A B W WS AN AN R AR Y

<[ 11T

DRY BULB TEMPERATURE °C

Figure 2: Psychrometric chart (McQuiston et al., 2004)

As per the requirement, a certain amount of fresh air is inducted into the air conditioning

system. The fresh air requirement is described in Table 2. The mixing of fresh air with room air can
occur either before or after the cooling coil.
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Figure 3: Mixing of fresh air with re-circulated air before the cooling coil - considered for summer air
conditioning (air conditioning process layout)

1
1
1
1
1
1
1

2
. Cooling coil |

Ty

Figure 4: Mixing of fresh air with re-circulated air after the cooling coil (air conditioning process layout)

In this work, a comparative study between chilled water and ionic liquid-water mixtures was

examined as the coolant. The design alternatives and mixing proportions examined are given in
Tables 3 and 4.

Table 3: Design Alternatives

S. No Item Options
1 Air conditioning design Psychrometric relations (or)
psychrometric chart
2 Mixing Fresh air mixing before cooling coil (or)
Fresh air mixing after cooling coil
3 Coolant for the cooling coil Chilled H20 (or)

ionic liquid-water mixtures

Various mixing proportions (by mass) are considered and they are described in Table 4.

Table 4: Mixing proportions considered

Case Fresh Air Recirculated Air
1 0% 100% (base line)
2 5% 95%

3 10% 90%

For brevity, the detailed procedure in designing the air conditioning process is described
only for case 2, where the mixing of 5% fresh air with 95% recirculated air was studied. Per
McQuiston et al. (2004) RSHF is defined as
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Room sensible heat (RSH
RSHF = (RSH) . ).
Room total heat (RTH)
L et s e e e

_?%;J;r;sél ar 95% Recyclated

. :
RH = 20% 5 ?‘r_zzu :

1 Mixing ___, | Cooling coil 54~

> [ET— — =1 RH = 50%

Figure 5: Air conditioning process layout — case 2

Per McQuiston et al. the room total heat (RTH) is the summation of room sensible heat

(RSH) and room latent heat (RLH).
RTH = RSH + RLH, (5)

The determination of RSHF is described in Table 5.

Table 5: Determination of RSHF

S. No Item Description
1 RTH 10.75 KW
2 RSH 8.95 KW
3 RLH 1.8 KW
4 RSHF 0.833

RSHF is then plotted in the sensible heat factor (SHF) scale in the Psychrometric chart.

ASHRAE PSYCHROMETRIC CHART NO. 1 T
NORMAL TEW SEA LEVEL ASHAE 2 i

Alignment line

____L SHF=0.83

ORY BULD TEMPERATURE C

Figure 6: Air conditioning process — case 2; psychrometric chart (McQuiston et al., 2004).

RSHF is connected with the ASHRAE human comfort point, 26°C and 50% RH described in
the psychrometric chart. This line is termed the alignment line. RSHF line is then constructed by
drawing a line parallel to the alignment line and through the room (lab) condition. Room comfort

condition is chosen as 22°C and 50% RH. All possible room supply conditions lie in the RSHF line.
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Considering Figure 5, it is required to determine the mixed condition 2. The mixing of fresh

air with recirculated air is described in Figure 7.

Figure 7: Mixing of fresh air 1 with recirculation air 4

Mixed condition 2, can be determined by applying the concepts such as mass balance, energy
balance and water balance.
Considering the mixing chamber as a control volume, per McQuiston et al. the mass balance

is given as
m; + my = m, (6).
Applying energy balance to mixing yields
mqh; + mzh, = myh, (7).
Likewise, applying water balance to mixing yields
myw; + My, = Mw; 8),
where

m — mass flow rate of air (kg/s)
h - enthalpy of moist air (kJ/kg)
o — specific humidity (kg of water/kg of air)

Applying the above equations, the mixed condition is determined and is presented in Table

6.
Table 6: Mixed condition — case 2; 95% recirculated air & 5% fresh air
S. No Item Description
1 ®2 0.00878 kg. of H20O/kg. of air
2 T2 23°C
3 h2 46.2 ki/kg
4 RH2 50%

The supply air to the room (lab) must be able to displace the heat infiltrated & heat
generated in the room and must maintain stipulated human comfort conditions. The Grand
sensible heat factor (GSHF) line describes the condition of air as it moves through the cooling coil.

Per McQuiston et al. (2004), GSHF line in the psychrometric chart connects the cooling coil inlet
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condition (mixed condition 2), cooling coil surface temperature and cooling coil’s discharge
condition (room supply condition 3).

The surface temperature of the cooling coil is termed apparatus dew point temperature
(ADP). ADP lies on the saturation curve and is below the DPT of room comfort condition. The
cooling coil surface temperature is assumed as 9°C. Herein, the mixed condition, point 2 and ADP
are known. Therefore, GSHF line can be constructed using the two known conditions. GSHF line
will intersect RSHF line. The intersection of RSHF line and GSHF line provides the best supply
condition. The process is described in Figure 8.

The procedure was repeated for all the cases and the results are provided in Tables 7 & 8.

Case 3 (highlighted in green) is chosen for the air conditioning process as it satisfies the fresh air
criterion.

ASHRAE PSYCHROMETRIC CHART NO. 1 r
NORMAL TEMPERATURE SEA LEVEL ASHRAE, |4
SAROUETHC PRELSUE 101320 P b
r
[
_— L
. / h?
Rl [
\ : o |

— RSHF line

GSHF line

ORY BULB TEMPERATURE °C

Figure 8: Estimation of best supply condition; psychrometric chart (McQuiston et al., 2004)

Table 7: Results — design of air conditioning process

Case # Room
Mixing Supply Mass Flow Rate
Condition
Fresh Air | Room Air | Temp RH Fresh Air Recirculated Air Supply Air

(%) (%) (°C) (%) (kg/s) (kg/s) (kg/s)

0 100 14 78 0 1.13 1.13

5 95 14 78 0.0565 1.074 1.13

(0.1 m3/min/person)
10 90 13 82 0.1 0.9 1
(0.178 m3/min/person)

From Table 2, it can be seen that the requirement for fresh air must be at least 0.142
(m3/min)/person. This constraint is satisfied in case 3 when 10% of fresh air is inducted into the air
conditioning system. Table 8 describes the load on the cooling coil.
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Table 8: Results — load on the cooling coil
Case Mixing Room | Heat carried by Heat carried by Total Load on Error
# Fresh Air Air fresh air recirculated air heat cooling coil
(%) (%) (KW) (KW) (KW) (KW)
1 0 100 0 10.75 10.75 10.75 0%
2 5 95 3.62 10.20 13.82 14.35 3.8%
3 10 90 6.4 9.72 16.12 16.2 0.5%

The error in estimating the load on the cooling coil is due to the usage of the psychrometric
chart in the air conditioning design process. The summary of the air conditioning design for the lab

is detailed in Table 9.
Table 9: Summary of air conditioning design for the lab

S. No Item Description
1 Room (lab) Temperature 22°C
2 Relative humidity (RH) 50%
3 Max. number of people in the lab 30
4 Outside air for freshness 0.178 (m3/min)/person
5 Design methodology Psychrometric chart
6 Mixing chamber Located before cooling coil
7 Mixing proportion 10% fresh air
90% recirculated air
8 Supply condition of air 13°C, 82% RH, & 0.1 kg/s
9 The total load on cooling coil 16.2 kW

4 Design of Cooling Coil

The design of the cooling coil using chilled water and ionic liquid-water mixtures is

examined in this section. A typical cross-flow heat exchanger is described in Figure 9.

Croas-{low

N

Q0

S
=

Figure 9: Cross flow heat exchanger, from Bergman et al.

In this analysis, the air is the external fluid that flows over the tubes, and the secondary
refrigerant (or) the coolant flows through the tubes. In each instance, the cooling performance of
the ionic liquid-water mixture was compared with that of chilled water. The required mass flow rate
of air, the mass flow rate of coolant, the required inlet and discharge temperatures for air and
coolant, and the thermal properties of fluids are all known quantities. Thermal properties of fluids
were assumed constant. External fluid flow was considered unmixed, and the tube side fluid flow
was considered mixed. Likewise, the overall number of transfer units (NTU) was anticipated to be
equally spread among the heat exchanger passes. In this project work, a 3-pass cross-flow heat
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exchanger is considered. In a 3-pass cross flow heat exchanger, each tube side fluid element

streams through the entire length of the heat exchanger 3 times before exiting the heat exchanger.

Figure 10: 3-pass cross flow heat exchanger

Per Bergman et al. the capacity rate of air (external fluid, hot) is given as
Ch = Cair = I'naircp,air' 9).
Likewise, the capacity rate of coolant (tube side fluid, cold) is given as

Cc = Ceoolant = rhcoolantcp,coolant, (10).

If Cair > Ceoolant, then, Cqir will be the maximum capacity rate fluid and shall be denoted as Cax.
In this case, Ceoolant Will be the minimum capacity rate fluid and shall be identified as Cin. Likewise,
if Cair < Ceoolant, then, Cqir will be the minimum capacity rate fluid and shall be given as Cuin. In this
case, Ceoolant Will be the maximum capacity rate fluid and shall be designated as Cnax. The capacity
rate ratio (C;) is a dimensionless parameter that connects the capacity rate of both fluids employed
in the heat exchanger. Since the specific heats and flow rates of both fluids are known, the overall
capacity rate ratio can be readily determined. Per Bergman et al. the overall capacity rate ratio may

be given as

C, = —min (11).

Cmax

The capacity rate ratio per heat exchanger pass would be the same as the overall capacity
rate ratio, as each heat exchanger pass is subjected to the full mass flow rate of air and secondary

refrigerant (coolant).
Cr=0Cr (12),

where C,” — capacity rate ratio per pass.
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The number of transfer units (NTU) is a dimensionless parameter that accounts for heat
exchanger surface area, flow rates, material properties, fluid properties, fouling, etc. The typical
NTU of heat exchangers used in steady state sensible heat transfer applications is typically less
than 4. The number of transfer units (NTU) is given through the following relationship.

NTU = Lefo (13),

Cmin
where

NTU - number of transfer units

A, — overall outside surface area

Uo - overall heat transfer coefficient (W/m?K)

In this project, the overall NTU is assumed as a known quantity and is varied until the
desired output is attained. The NTU per pass may be assumed as

TU

NTU' = NT (14),

where

NTU’ — NTU per pass
n — number of passes (for this project n = 3)
For a cross-flow heat exchanger, per Bergman et al. an analytical relationship correlates heat

exchanger effectiveness, NTU, and C.. The overall heat exchanger effectiveness is given as
e = (2)(1 — exp(—Cr[1 — exp(—-NTU)]}) (15).

Similarly, the effectiveness of each heat exchanger pass may be linked to the capacity rate

ratio per pass and NTU per pass and is given as
! 1 ! !
¢’ = () (1 — exp(=C{[1— exp(~-NTU)]), (16),
where ¢’ - effectiveness per pass

4.1 Estimation of Exit Temperatures of Fluids from the Cross Flow

Heat Exchanger
The properties of air, water, ionic liquid-water mixtures, and inlet conditions to the cross-

flow heat exchanger are presented in Table 10.

Consider Figure 10 describing a 3-pass cross-flow heat exchanger. In the subsequent
equations, subscript “h” refers to the hot fluid, air, and subscript “c” refers to the cold fluid, water.
Subscript “1” and “2” refers to the exit condition at the 1% and 2™ pass respectively. Likewise, the
subscript “i” and “o0” refers to the condition at the inlet and exit of the cross-flow heat exchanger.

Applying energy balance to first pass yields

(rhcp)h * (Tpi = Tpe ) = (mcp)c * (Tex — Tei) 7).
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Table 10: Properties of fluids and inlet conditions to cross flow heat exchanger

External
fluid Internal (tube side) fluid - Coolant
Hot fluid
Item [P146.6,6] | [P1a.6.6.6] | [P146.6.6] | [P1a6.6.6]
[ButO] | [HexO] | [OctO] | [DecO]
Air Water M " " *
16.680%|15.825% | 14.783% | 14.150%
water water water water
(Wiw) (Wiw) (Wiw) (Wiw)
Specific heat ¢, (J/kg.K) 1005.0 |4190.0 |3400.0 [3300.0 (3100.0 |2900.0
Density p (keg/m’ ) 1.2 1000.0 [910.0 |908.0  [902.0  [900.0
Dynamic viscosity p (Pa-s) 1.8E-05 |1.4E-03|6.0E-02 [8.0E-02 |[8.2E-02 [9.2E-02
Prandtl number Pr 0.7 10.6 10737 [1411.8 [1359.4 [1434.4
Kinematic viscosity v (m°/s) 1.5E-05 |1.4E-06 |6.6E-05 |8.8E-05 |9.1E-05 [1.0E-04
Thermal conductivity K (W/m.K) 0.026 0575 [0.190 [0.187  [0.187  [0.186
Mass flow rate (kg/hr) 3600.0 [6908.4 |6908.4 [6908.4 [6908.4 [6908.4
Inlet temp T, (°C) 25.0 8.0 8.0 8.0 8.0 8.0
Upon rearranging, yields
Tey + G #Tpy = Ty + G x Ty (13).
Applying energy balance to the second pass yields
(tircy)p * (Twr = Tna ) = (thcp)  * (Tep = Tex) (19).
Upon rearranging yields
Tep+ CrxTpy — Teg — CxTpy =0 (20).
Applying energy balance to the third pass yields
(mcp)h * (Thy = Tho ) = (mcp)c * (Teo — Tez) (21).
Upon rearranging yields
Teo+ Cr*Tho — Teg— G xTpp =0 (22).
Applying effectiveness to first pass yields
Cmin*[Thi—Thal [Thi—Thil
e — q — q — Umin — 23).
Amax Cmin*[AT]; Crmin*[Thi—Teil [Thi—Tcil ( )
Upon rearranging yields
Thy = Tpi— € * [Tp — Tyl (24).
Applying effectiveness to second pass yields
Cmin*[Th1—Thal [Th1—Th2l
g = q — q — Lmin — 25 .
Amax Cmin*[AT]; Crmin*[Th1=Tc1] [Thi—Tc4] ( )
Upon rearranging yields
Thy— Thy + € * [Ty =Tl = 0 (26).
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Applying effectiveness to third pass yields

g = q — q — Crmin*[Th1—Thol — [Tha=Thol (2 7)
Amax Cmin*[AT]; Crmin*[Th2—Tcz2] [Tha—Tc2]

Upon rearranging yields
Tho— Tha+ € * [T, =Tl = 0 (28).
The four intermediary temperatures and two discharge temperatures can be determined by

solving Equations 18, 20, 22, 24, 26, and 28. The six simultaneous linear equations may be given in

matrix form as

- C, 0 0 1 0 O01[Ta] | Ta+ C#Th ]
¢, —C. 0 1 =1 0 ||Th 0
C. —C, 0 1 —11|Tho _ 0 (29)
1 0 0 0 0 ollT, Tpi — € * [T — Tl '
€ -1 1 0 - 0 0||T, 0
L0 €-1 1 o -¢g ol 1 t 0 -

The simultaneous linear equations can be readily modeled in MATLAB to yield intermediary
and discharge temperatures.

A parametric study was conducted by varying the NTU to obtain the desired heat exchanger
output, (i.e.) 13°C on the air (external) side of the heat exchanger. Since the cooling coil is
maintained at ADP, if the heat exchanger is designed to remove sensible heat, the necessary
removal of latent heat is automatically taken care of through condensation. The results from the
parametric study are described in the tables below. The required NTU to achieve the desired output

temperature is highlighted in blue.

Table 11: Performance of 3-pass cross flow heat exchanger — air and chilled water

S.No NTU Cr Tair, in (K) | Twater, in (K) | Tair, out (°C) | Twater, out (°C)
1 0.1 0.125 298 281 23.4 8.2
2 0.2 0.125 298 281 22.0 8.4
3 0.4 0.125 298 281 19.5 8.7
4 0.6 0.125 298 281 17.6 8.9
5 0.8 0.125 298 281 16.0 9.1
6 1 0.125 298 281 14.6 9.3
7 1.1 0.125 298 281 14.1 9.4
8 1.2 0.125 298 281 13.6 9.4
9 1.3 0.125 298 281 13.1 9.5
10 14 0.125 298 281 12.7 9.5

Table 12: Performance of 3-pass cross flow heat exchanger — air and [P14,66,6] [ButO] + 16.680% water (w/w)

S.No NTU Cr Tgir, in (K) TButO, in (K) Tgir, out (QC) TButO, out (OC)
1 0.1 0.154 298 281 23.4 8.2
2 0.2 0.154 298 281 22.0 8.5
3 0.4 0.154 298 281 19.6 8.8
4 0.6 0.154 298 281 17.6 9.1
5 0.8 0.154 298 281 16.0 94
6 1 0.154 298 281 14.7 9.6
7 11 0.154 298 281 14.2 9.7
8 1.2 0.154 298 281 13.7 9.7
9 1.3 0.154 298 281 13.2 9.8

10 1.4 0.154 298 281 12.8 9.9
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Table 13: Performance of 3-pass cross flow heat exchanger: air and [P14666] [HeXO] + 16.680% water (w/w)

Tair, in THexO, in Tair, out THexO, out
S.No NTU Cr (K) (K) °C) °C)
1 0.1 0.159 298 281 23.4 8.2
2 0.2 0.159 298 281 22.0 8.5
3 0.4 0.159 298 281 19.6 8.8
4 0.6 0.159 298 281 17.6 9.1
5 0.8 0.159 298 281 16.0 9.4
6 1 0.159 298 281 14.7 9.6
7 1.1 0.159 298 281 14.2 9.7
8 1.2 0.159 298 281 13.7 9.7
9 13 0.159 298 281 13.2 9.8
10 1.4 0.159 298 281 12.8 9.9

Table 14: Performance of 3-pass cross flow heat exchanger — air and [P1466,6] [OctO] + 16.680% water (w/w)
S.No NTU Cr Tair, in (K) TOctO, in (K) | Tair, out (°C) | TOctO, out (°C)
1 0.1 0.169 298 281 23.4 8.2
2 0.2 0.169 298 281 22.0 8.5
3 0.4 0.169 298 281 19.6 8.8
4 0.6 0.169 298 281 17.6 9.1
5 0.8 0.169 298 281 16.1 9.4
6 1 0.169 298 281 14.8 9.6
7 1.1 0.169 298 281 14.2 9.7
8 1.2 0.169 298 281 13.7 9.7
9 1.3 0.169 298 281 13.3 9.8
10 1.4 0.169 298 281 12.8 9.9
Table 15: Performance of 3-pass cross flow heat exchanger — air and [P14,66,6] [DecO] + 16.680% water (w/w)
S.No NTU Cr Tair, in (K) TDecO, in (K) | Tair,out (°C) | TDecO, out (°C)
1 0.1 0.181 298 281 23.4 8.2
2 0.2 0.181 298 281 22.0 8.5
3 0.4 0.181 298 281 19.6 8.8
4 0.6 0.181 298 281 17.7 9.1
5 0.8 0.181 298 281 16.1 9.4
6 1 0.181 298 281 14.8 9.6
7 1.1 0.181 298 281 14.3 9.7
8 1.2 0.181 298 281 13.8 9.7
9 1.3 0.181 298 281 13.3 9.8
10 1.4 0.181 298 281 12.9 9.9

Table 16: Performance summary of 3-pass cross flow heat exchanger — air and various coolants

Item Cr NTU Inlet Temperatures Outlet Temperatures
Thi (°C) Tci (°C) Tho (°C) Tco (°C)
Air + chilled water 0.125 1.3 25.0 8.0 13.09 9.49

Air + [P14,6,6,6] [ButO] + 16.680%

water (w/w) 0.154 1.4 25.0 8.0 12.78 9.88
A [P14'6\}\?a{fe]r[(l-v|\%v?] *15825% 1 4 150 14 25.0 8.0 12.80 9.88
Air + [P14,6v,$36{t6é|r[(ov\;5vo)] +14.783% 0.169 1.4 25.0 8.0 12.84 9.87
Air + [P14,6,6,6] [DecO] +14.150% 0.181 1.4 25.0 8.0 12.88 9.87

water (w/w)
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A comparison between chilled water and selected ionic liquid-water mixtures for the given
air conditioning application indicates that both chilled water and ionic liquid-water mixtures
require nearly the same NTU to provide the necessary cooling. It is a common practice in heat
exchanger industries to fix the required capacity rate ratio, NTU, and the heat exchanger
effectiveness before deducing the detailed design of the heat exchanger. Since the NTU
requirement is about the same, the design of the cross-flow heat exchanger would be similar
concerning the usage of chilled water or ionic liquid-water mixtures.

5 Conclusion

This paper addresses the design of an air conditioning system. ASHRAE standards describing
human comfort conditions were considered in the study. For convenience, a Psychrometric chart
was used for the design analysis. Different alternatives were presented and an optimal design
consisting of a suitable layout, fresh air intake, and best supply condition was determined. Though
air conditioning design seems like a straightforward engineering study, a lot of considerations must
be taken into account while designing an air conditioning system. The paper tries to highlight the
main points that must be taken into account while designing an air conditioning system. A detailed
stepwise procedure for designing the air conditioning process is yet to be documented in the
technical literature.

The air conditioning design projected the load on the cooling coil. Since the project deals
with gas-to-liquid heat transfer applications, a finned cross-flow heat exchanger is considered.
Chilled water and various ionic liquid-water mixtures were considered suitable coolants. Chilled
water has been used for decades as a secondary refrigerant for air conditioning purposes. Chilled
water is safe, easy to pump, has a higher heat-bearing capability, and its leakages can be tolerated.
The use of ionic liquid-water mixtures for sensible heating and cooling applications is still in the
research stage and hasn’t yet been commercially implemented in practical applications. The
current chemical cost is quite high, for example, 50g of ionic liquid may cost around £110. But once
the ionic liquids are commercialized, the costs are expected to come down. Nevertheless, the initial
setup cost for erecting cooling systems using ionic liquid-water mixtures is expected to be
significantly higher than those systems employing water.

One of the advantages of using ionic liquid-water mixtures is that the properties of the ionic
liquid-water mixtures can be easily improved by adjusting the concentration of water as well as by
changing the chemical structure of anion and cation. Nevertheless, the results presented are based
on the properties available in the literature. For the selected application, and under the given
conditions, chilled water and ionic liquid-water mixtures deliver similar performance. Recognize
that ionic liquid-water mixtures have desirable properties such as lower freezing temperature,
lower vapor pressure, energy storage, etc. The results from this work are encouraging, and in the
future, the ionic liquid-water mixtures may have the potential to replace water in certain cooling
and heating applications. The results presented in this work are purely from an analytical approach,

using well-established fundamental and empirical equations.
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6 Availability of Data and Material

Data can be made available by contacting the corresponding author.
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