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Performance Characteristics of a tank cooling system using dual condenser.

Yeong Bin Kwon

Department of Refrigeration and Air-Conditioning Engineering,
The Graduate School of Industry,
Pukyong National University

Abstract

In the past, there was a lack of interest in the operating environment due to problems of
technology and cost in the military vehicles, and many military vehicles with no air
conditioner were developed.

In the recently developed military vehicles, the internal temperature of the vehicle has
risen more than in the past due to internal heat load due to the mounting of control devices
and advanced parts, and external heat load due to global warming caused by overuse of
fossil fuel. In order to minimize the thermal stress of the crew by providing comfortable
air to the crew, it is necessary to improve the operation performance of the crew and to
perform the role to maintain the optimum operating environment of the onboard equipment.
And for the above reasons, a retrofit project is underway to install a cooling system in past
military vehicles.

However, adding air-conditioning devices to already-completed vehicles has many
difficulties for the following reasons.

(1) Considering the operator's activity space, installation space due to various control
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devices is limited.

(2) Depending on the vehicle, various components such as a condenser, an evaporator,
and a compressor, which are components of a cooling system, should be arranged in
various forms.

(3) The cooling performance is required to be higher than the commercial air-
conditioning system considering not only the heat load due to the outside air but also the
heat load generated during the operation of the mounting equipment and the air flow failure
due to various auxiliary equipment and blind spot.

(4) Unlike commercial vehicles, it is not possible to develop and standardize compressor,
condenser, and evaporator for military water vehicles due to limited production volume
(small quantity production of multiple items).

In order to satisfy the limited space and the maximum performance as described above,
a dual condenser is being sought for arranging the condenser. However, research on the
cooling system using dual condenser is insufficient. Most of studies on condenser material,
type, number of path, shape of fin, etc. have been actively studied.

In this study, the performance characteristics of the cooling system by applying the dual
condenser were analyzed. The cooling system of the dual condenser and the single
condenser with the same area was constructed and analyzed by experiments on the cooling
performance of each system, the temperature of the evaporator discharge air, and the sub-
cooling degree according to the compressor RPM, the refrigerant charge amount. The
purpose of this study is to provide experimental results on the application of dual condenser

in limited space.



Nomenclatures

AP  : Pressure difference [bar]

H : Condenser thickness [mm]
RT  : Refrigeration ton [RT]

W : Cooling capacity [W]

QO  :Airvolume [m3/s]
h,  :Enthalpy [J/kg]
h,  :Enthalpy [J/kg]
v, : Specific volume [m3/kg]
X,  :Absolute humidity [kg/kg]
w : Heat intrusion [W]

W : Width [mm]
H : Height [mm]

T : Thickness [mm]

Subscript
Eva : Evaporator
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Figure 1 Process flow diagram
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Figure 2 Single condenser cooling cycle
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Figure 3 Dual condenser cooling cycle
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Table. 1 Geometric details of the condensers in experiments

Single condenser

Dual condenser

Size (WxHxT, mm)

800 x 900 x 32

700 x 510 x 32

Heat transfer area (mm) 720,000 357,000
Material Aluminum Aluminum
Tube number 70 35

Pass number

18=16-13-10-9—-4

9-8-6—-5—-4-3

Fin type

Groove

Groove

13




(b) Dual condenser

Figure 4 Picture of the Condenser used in experiment
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Table. 2 Commonly used components

Displacement 425 cn/rev
Number of cylinders 10
Compressor
Revolution range 600 ~ 5000 RPM
Oil PAG or POE
Type Laminate,
Heat trans;fer area 61.100
()
Expansion Type Temperature sensing
valve Cooling capacity 2.5 RT
Receiver Volume (L) 0.7
tank
3.5
Refrigerants Weight (kg) 4.0
4.5

15
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Figure 5 KS C 9306, Calorimeter type air enthalpy calorimetry
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Figure 6 Picture of installed in calorimeter
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Table 3 KS C 9306, Standard temperature condition

Dry—bulb Wet—bulb

temperature (C) | temperature (C)

Indoor 27.0 £ 0.3 19.0 £ 0.2

Outdoor
35.0 £ 0.3 24.0 = 0.2
(air—coolded type)
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Table 4 Refrigerant charging amount and compressor RPM

Refrigerant charging amount
Compressor RPM (RPM)
(kg)
3.5
1,500 ~ 2,000
4.0
(step 500)
4.5

Whsee A4 (Calorimeter) 8] =<
ol AArS Z8sty on KS C 93069 7

(1)= ofziset 2

_Qk -1k)
- vnp(14+xp)

o] 7] ol A,

w: AUSelA A3 A Itsg (W)
Q: ol AUS FF S8 (m3/s)
A AUS F98719 AT U/ke)
b AUS EEE719 degd (J/ke)

A4S =] (Computer)

=50l s AEA

(1)

vt T S5 AR ANM G B9 vAA (m/kg)

Xoi ¥ 54 9He199) B9 A
-2 3NN A AD W)

S
_l

22

=5 (kg/kg)
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Cooling capacity (kW)
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Cooling capacity (kW)
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Figure 7 Comparison of cooling performance
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Eva oulet temperature ( C)
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Eva oulte temperature (C)
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Eva outlet temperature (C)

19

Indoor dry-bulb temperature () - 27.0+ 0.3
Indoor wet-bulb temperature (°C): 19.0x 0.2
18 |- Outdoor dry-bulb temperature ("C): 35.0+ 0.3
Outdoor wet-bulb temperature (°c) - 240+ 0.2
RPM - 2 500
17 -
.
16
15
—&— 3ingle condenser
—2— Dual condenser
14 I
3.5 40 4.5

Refrigant charging amount (kg)

(c) Compressor speed 2,500

Figure 8 Comparison of Eva outlet temperature
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20

18 -
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Indoor wet-bulb temperature (2): 19.0+ 0.2
Qutdoor dry-bulb temperature (*C): 35.0+ 0.3
Qutdoor wet-bulb temperature (*C) : 240+ 0.2
RPM : 1,500

—&— Single condenser
—— Dual condenser

3.5

|
40 4.5

Refrigant charging amount (kg)

(a) Compressor speed 1,500

34



Degree of sub cooilng (C)

20

Indoor dry-bulb temperature (*C) - 270+ 0.3
Indoor wet-bulb temperature ("¢) - 19.0 £ 0.2
Outdoor dry-bulb temperature {"¢) - 35.0+ 0.3
Outdoor wet-bulb temperature ("¢} 24 0+ 0.2
RPM : 2,000

—=&— S5ingle condenser
—o— Dual condenser

4.0 4.5

Refrigant chargnig amount (kg)

(b) Compressor speed 2,000

35
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Qutdoor wet-bulb temperature (*2): 24.0+ 0.2
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—&— Dual condenser
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Refrigant charging amount (kg)

(c) Compressor speed 2,500

Figure 9 Comparison of Degree of sub cooling
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