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Experimental Study on Performance Comparison of

Refrigerated Container System

Abstract

Refrigerated container sea since countries will be introduced to the
transport of refrigerated, frozen in accordance with population growth,
improved income levels, adding to rising demand for freight. The
development of the container transport technologies recently,
refrigerated, frozen, boats speed symbol of the changes in consumer
spending patterns and the improvement of technical progress and more
diversified Gentrified, transport refrigeration, who as the result of
relatively previously frozen in accordance with the cargo container
traffic has increased. We are also the improved quality of income and
consumption patterns over the past century because of variations in a

constantly refrigerated, frozen cargo demand for the escalating trend.

Freezer production company five existing freezer, and reefer container
for basic data simply don’t exist in this situation. Accordingly, each
frozen through performance analysis and the introduction of plans to

provide a basic data.

As a result, five of the reefer container of star cool fighters to the
most brilliant and use another refrigerant, with each other to
Thermoking of its class R404A compared to use a refrigerant a the
emphysema Brilliant. If you look at the future trend based on such a
conclusion, Thermoking(R404A) prototypes of increased demand is

expected to be.
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NOMENCLATURE

SYMBOLS

BSV Bypass Solenoid Valve [-]
COP Coefficients of performance (-]
CFM Condenser Fan Motor (-]
DPR Discharge Pressure Regulator [-]
DRS Return Air Temperature Sensor For Data corder [-]
DSS Supply Air Temperature Sensor For Data corder [-]
DSV Defrost Solenoid Valve (-]
EFM Evaporator Fan Motor [-]
EIS Evaporator Inlet Pipe Temperature Sensor [-]
EOS Evaporator Outlet Pipe Temperature Sensor [-]
ESV Economizer Solenoid Valve (-]
EV Expansion Valve [-]
G Mass flowrate of refrigerant [kg/h]
h Enthalpy [k]/kg]
HPS High Pressure Switch (-]
HPT High Pressure Transducer (-]
HSV Hot Solenoid Valve (-]
HuS Humidity Sensor [-]
ISV Injection Solenoid Valve (-]
LPT Low Pressure Transducer (-]



LSV Liquid Solenoid Valve [-]

P Pressure [Pal]

q Refrigerating effect [k]/kg]

Q Heat capacity [k]/h, kW]

RRS Return Air Temperature Sensor For Recorder [-]

RS Return Air Temperature Sensor [-]

RSS ISupply Air Temperature Sensor For Recorder [-]

SMV Suction Modulation Valve (-]

SS Supply Air Temperature Sensor [-]

T Temperature [TC]
Compressor work [k]J/h, kW]

SUBSCRIPTS

comp COMpressor

eva evaporation

inlet inlet

outlet outlet

ref refrigeration, refrigerant
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Table 1.1. Specifications of refrigerated container

Sort 20FT 40FT 40F T (High)
Outside 6,096x2,438<2,590 | 12,190x2,438x2,590 | 12,190%x2,438%2,897
Size
Inside 5,449x2,268<2,270 | 11,579x2,270x2,197 | 11,579%2,270%2,530
Tare 2,950 kg 4,350 kg 4420 kg
Weight Payload 21,000 kg 26,060 kg 27,650 kg
Total 24,000 kg 30,480 kg 32,000 kg
Normal 28.4 cbm 58.1 cbm 67.4 cbm
Volume
Usable 274 cbm 55.5 cbm 64.8 cbm
7.5 HP 10 HP 10 HP
Compressor
(5.2 kW) (7 kW) (7 kW)
Temperature range -25TC ~+25T -25TC~+25T -25C~+25T
Usable power 374 380V 374 380V 37 380V

Yedeelyde A4 7He Hdl T2 dH oY T35 Ftotal weight)oll
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40FT(High)2] 37HA12 dEA v, ISO-1894014 Adolyel 4 HE A
TE AL vk

3}E WX (cargo density) 3tEo ©9 &4 gt FHoRA &4
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Table 1.2. Imported refer container

cargo quantity

Year 20FT 40FT
2008 26,029 79,805
2009 23,175 75,686
2010 26,543 92,292

g FFFIGAHRFA(KT-NET : Korea Trade Network)

Table 1.3. Exported refer container cargo quantity

Year

20FT 40FT
2008 15,948 22,157
2009 17,030 22,549
2010 21,044 26,425

A5 FFFIHHEA(KT-NET : Korea Trade Network)
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Fig. 1.2 Change of transport mode for refer container cargo
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Fig. 1.3 Container transport ratio for refer container cargo



Table 1.4 Refrigerated container production per year Unit : TEU
Year 20FT 40FT 40F T (High) Porthole Total
2001 11,500 17,000 14,500 4,000 47,000
2002 5,000 8,500 16,000 4,000 33,500
2003 10,000 17,500 24,000 10,500 62,000
2004 12,000 13,000 28,500 4,500 58,000
2005 10,500 13,000 40,000 2,500 66,000
2006 12,500 17,000 50,500 1,000 81,000
2007 11,000 6,500 61,000 500 79,000
2008 11,000 6,500 73,000 500 91,000
2009 10,000 7,000 76,500 500 94,000
2010 11,000 4,500 74,000 500 90,000
2011 9,5000 3,000 88,000 500 101,000
2012 10,000 2,000 83,000 500 95,500
2013 16,440 15,000 96,000 10,500 137,940

_12_
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(e) Mitsubishi (f) Thermoking (R404A)

Fig. 2.1 Refrigerated containers of various cooperations used in this
study.
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D

V_""“- Refer to next page for

‘\10 Detail of sclenoid
valves

4 Refer to next page for
P Detail of compressor
and refrigerant control
devices

@ Access panel

@ Thermometer check port(Return air)
@ Condenser fan motor(CFM)

@ Temperature recorder box

(® Hot_gas solenoid valve(HSV)

® Defrost solenoid valve(DSV)

(@ Discharge gas by-pass solenoid valve(BSV)
Electronic expansion valve(EV)
Econornizer solenoid valve(ESV)

@0 Injection solenoid valve(ISV)

@ Air-cooled condenser

@ Liquid moisture indicator

@@ Liquid receiver

(@ Dryer

® Liquid solenoid valve(LSV)

(6 Suction modulating valve(SMV)

(D Discharge pressure regulating valve(DPR)

Compressor suction pope temperatrue
sensor(SGS)

19 Amient temperature sensor(AMBS)

@ Thermometer check port(Supply air)

@ Compressor(MC)

@ Discharge pipe temperature sensor
(DCHS)

@ Storage space for power cable

@ Low pressure transducer(LPT)

@ High pressure transducer(HPT)

@ High pressure switch(HPS)

@ Control box

@ Ventilator.

Fig. 2.2 Schematic of Refrigerated container
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HSV DSV BSV

RSV
for
Defumidification
Control (option)

ISV ESV

Fig. 2.3 Detail of solenoid valves

Liquid
Moisture
Indicator
Drier
Receiver

Sensor - *: iAMBS SGS| ;
DPR{SMV! LSV

@ ® ®

Fig. 2.4 Detail of compressor and refrigerant control devices

Valve -------------»

Service Port ----
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@ Evaporator fan motor(EFM)

@ Evaporator

@ Supply air temperature sensor(SS)
Data recorder supply air temperature sensor(DSS)
Recorder supply air temperature sensor(RSS, optional)

@ Evaporator outlet pipe temperature sensor(EOS)

(® Evaporator inlet pipe temperature sensor(EIS)

® Return air temperature sensor(RS)
Data recorder return air temperature sensor(DRS, optional)
Recorder return air temperature sensor(DRS, optional)

(@ USDA receptacle(optional)

Fig. 2.5 Schematic of refrigerated container inside
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Hu$S (option)

Evaporator Drain Pan Heater

EOS #¢Re-Heater for
Dehumidification Control
(option)

Fig. 2.6 Photograph of evaporator inside refrigerated container
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—l = -L ) Economizer
.| > | M heat exchanger
< — H -
I Evaporator ! A .|
Drain Pan Heater I T T
DSV C’.r_ HSV () T
22
. r oy
(, Bsv %
CFM @
ra
J/ LM ESV]  Ligiud I
C__ ::3 moisture --—_{mjl
( DPH indicator B
C F
Dryer-1-T
A/C Condenser v T
Reciaver
HPS Sarvice T
valve —» Sanvice valva LSV
= R I ) N
] d
HPT Check valve
,_I.w Comprassor
1sv ()
Service valve
= % SMV ‘
LPT @ I

Fig. 2.7 Flow chart of refrigerant in refrigerated container
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Table 2.1 Relationship between the operation mode and setting

Loll= #Fel7F 9o, Daikin 7]

temperature
Operation Setting Control sensor | Operation description
mode temperature
St 2 Compressor ON/OFF
Frozen mode -10.1C~-30C temperature P
control
sensor
Capacity control
. Return air operation with suction
Partial frozen : o :
-3C~-10TC temperature modulating valve and
mode
sensor hot-gas bypass
control
Capacity control
Supply air operation with suction
Chilled mode +25C~-29T temperature modulating valve and
sensor hot-gas bypass
control
Defrosting Hotfgas dgfrostmg
- with refrigerant
mode .
metering control

_22_



Thermostat ON (Pull-down range)

@®Compressor Running
@®Evaporator fan Low speed (L)
A

Continuous compressor running for
2 minutes or more and RS =SP

RS>SP+1.0°C
Pump down

@®Compressor Running
@®Evaporator fan Low speed

LPT< OkPa i

Thermostat OFF
@®Compressor Stop

®Evaporator fan Low speed

RS : Return air temperature LPT : Low pressure transducer
SP : Setting point temperature

Fig. 2.8 Operation procedure for frozen mode of refrigerated container

2) Ao @ AoJ=7F SP(AF)°] W Liquid solenoid ®¥H & OFFZ3d}aL,

I 24 F 457 R 571 W2 OFF2 #t

Aol2&=7 SP+1TRE Y 2e7bd 4571, Liquid solenoid WH, &57]
ol ONox ®vrh ek k7] ONo| HH, 287 & drh 457
ONoll A 2% o]ujol] Aloj =7k SPelsHCH)7F o=, 571, 571 A,
Liquid solenoid W H X OFFH A &&=t (4=7] 28 ZAA&H)
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Temperature =10"C

SPs2'C ;

SP+1°C o

SP - B

SP-1'C

Sp-2'C ©
Tirne

Fig. 2.9 Relationship of set point temperature and control sensor

Table 2.2 Operation of magnetic contactor and solenoid valve

Thermostat Thermostat
Component name Pump down
ON OFF
Compressor CC ON ON OFF
Evaporator
. . EFH OFF OFF OFF
Magnetic fan(High)
E t
contactor vaporator EFL ON ON ON
fan(Low)
Condenser fan CF ON/OFF ON/OFF OFF
Liquid solenoid
LSV ON OFF OFF
valve
Economizer
. ESV ON(OFF) ON(OFF) OFF
solenoid valve
Injection solenoid
ISV OFF(ON) OFF(ON) OFF
Solenoid valve
Hot-gas solenoid
valve HSV OFF OFF OFF
valve
Defrost solenoid
DSV OFF OFF OFF
valve
Discharge gas
by-pass solenoid BSV OFF OFF OFF
valve
Suction modulating valve SMV 1009
Electronic expansion valve EV 10~100%
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VeTeooT Protecion 18 =5P-0.5°C and 3-minutes elapse

TS : Control temperature (supply air sensor or return air sensor)
SP: Set point temperature

Fig 2.10 Operation procedure for chilled and partial frozen mode
of refrigerated container
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=3C |

Time

Fig. 2.11 Relationship of set point temperature and control sensor

Table 2.3 Operation of magnetic contactor and solenoid valve

Component name Pull-down Capegty Heat-up Overcpol
control protction
Compressor CC ON ON ON OFF
Evaporator
Magnetic fan(High) e N 2 O ON
contactor Evaporator EFL OFF OFF OFF OFF
fan(Low)
Condenser fan CF ON/OFF ON/OFF | ON/OFF OFF
hguid @ignaid | gy ON ON OFF OFF
valve
Bcoragzer ESV OFF OFF OFF OFF
solenoid valve
Injection ISV | ON(OFF) | ON/OFF | ON/OFF | OFF
. solenoid valve
Solenoid Hot-gas solenoid
valve & HSV OFF ON/OFF ON OFF
valve
Defrost solenoid | oy | pp | ON/OFF | ON OFF
valve
Discharge gas
by-pass solenoic | BSV OFF ON/OFF OFF OFF
valve
Suction modulating valve SMV 100% 3~100% 100% 100%
Electronic expansion valve EV 10~100% | 10~100% 0% 50%
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Start defrosting

v Yes

@Defrost lamp (red) ON
®Pump down

v

Defrosting range

®Comprassor ON
@Evaporator fan OFF
@Condenser fan OMN/OFF

@®Defrosting solenoid valve ON
®Hot gas solenoid valve ON

Is terminating
ondition OK’?

Yes

( Defrosting lamp (red) OFF |

¥

Evaporator fan On after delay of 60 seconds

v

| Return to frozen, chilled or partial
frozen operation

Fig. 2.12 Operation procedure for defrosting mode

of refrigerated container
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Table 2.4 Operation of magnetic contactor and solenoid valve

Component name Pump down Defrosting
Compressor CC ON ON
Evaporator
M ti fan(High) EFH
agnetic
f t Ean 1gt ON/OFF OFF
rator
contactor vaporato EFL
fan(Low)
Condenser fan CF ON/OFF ON/OFF
Liquid solenoid
LSV OFF OFF
valve
Economizer
. ESV ON/OFF OFF
solenoid valve
Injection solenoid
ISV OFF(ON) ON/OFF
. valve
Solenoid -
Hot-gas solenoid
valve HSV OFF ON
valve
Defrost solenoid
DSV OFF ON
valve
Discharge gas
by-pass solenoid BSV OFF OFF
valve
Suction modulating valve SMV 100%% 10096
Electronic expansion valve EV 107100% 0%

A Azmgor weroldnh 94, & b A GE7ICA g5 1
eo Wuls Fwr] 2 =d9 WMo mulel A AA G o,

S|Efoll o3t A A ad2 SEAd ofdf FEoll AAE S|l osf A

2) Aol QA
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Table 2.5 Initiation by timer

Type of timer | Defrosting interval set Function

. Regardless of the control temperature.
) 3, 6,9, 12, 24, 99 . )
Long timer defrosting is initiated according to the
hours are selectable .
selected interval

Defrosting is initiated every 4 hours until
the control temperature comes within the

in—range after pull-down..

Short timer 43?2 hours L
When the temperature in in-range,
defrosting timer will change into the
selected long timer
After the control temperature comes
Out-range h within in-range once, defrosting will be
) 30 minutes 4 .
timer started 30 minutes later if the control

temperature rises out of the in-range.

#!' On-demand defrost A A8 (Ws REoA 12413 ¥ BEAA 6417 A
o2 AAH)
%2 Ao L w7t -20Co| &7 HH 64 7Fo] H T
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Table 2.6 Defrosting termination

Status before defrost Termination

INRANGE EOS =307

OUTRANGE EOS=30C+RS/DRS=15T

A e 30 =28 $9 sturt A H3 A= SRS

1) A’ Fol Table 2.69 =7& WFHsh= 45

2) 9073 7 3 -
5

3) BE & 7F &
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Evaporator

m
=

- i
service port BSV DSV | HSV ESV
\ KX R R
\ [
(@) Check valve DPR Condenser _
@ \ [\”:'\ “‘;,{—;: = Drier I:_:|
I 1 Receiver LSV I
SMV ' { —
LSS '
) [
Compressor % I
service port @ 18V ®) @
Fig. 2.16 Schematic diagram
Table 2.7 Refrigerant recovery and charge
Item Service port Content
' high pressure @)
Operation
pressure check low D
pressure
Recover refrigerant from port &
® after operating.
; Automatic Pump-Down first
Refrigerant
recovery Recover completely the
@, ® refrigerant left in the unit
portd & .
After recovering, vacuum from
Vacuum @, ® port @ & ©
Refrigerant After vacuuming, charge liquid
charge ® -0 refrigerant from ® first and
(R134a : 4 kg) them from @
If not reached to the specified
) amount 4kg, go to next below
Refrigerant :
charge 1. Operate Automatic
Pump-Down first and stop it
@ using ON/OFF switch after the
compressor stops during the
Auto pump down operation
2. Charge liquid refrigerant from
port®

_34_




Vacuum Pump
b |

Fig. 218 Vacuum drying refrigeration unit.

Fig. 2.17 Refrigerant recovery
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(c) Compressor pressure (d) Compressor

(e) Expansion sensor (f) Discharge sensor

(i) Condenser sensor (j) Sensors on a laptop connections

Fig. 2.21 Thermocouple location for each component
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3)
4)

5)

6)

A Y571E 7HsAlA Return sensor &%

Table 2.8 Experimental conditions

Parameter Values
Ambient temperature 12°C = 1°C
Refrigerants R134a & R404A
Charged refri t
g geran o
amount
Container inner setting
-25°C
temperature
Container size 40FT
Power supply AC3-Phase 38V/400V 50Hz, 440V/460V 60Hz
Compressor 176~21 Amps
Evaporator motor High : 2850~3450 rpm, Low @ 1425~1750 rpm
Condenser motor 0.43~0.75HP, 1425~1725 rpm
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Fig. 3.2 Outlet temperature of compressor
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Table

3.2 Performance

refrigerated containers

results

of refrigeration

system using to

Daikin

Carrier

Star Cool

Thermoking

Mitsubishi

Compressor
work

(kJ/h)

0,478

6,420

4947

4749

7,193

Condensatio
n heat
capacity

(kJ/h)

26,840

28,950

26,130

24,336

28,724

Evaporator

work

(kJ/h)

21,362

22,530

21,183

19,587

21531

Vapor
quality

0.37

0.39

0.28

0.36

0.36

Compressor

ration

34.5

33.17

43.2

28.28

28.28

COP

3.89

3.5

4.28

412

2.99

Mass
flowrate of
refrigerant

(kg/h)

91.76

100

92.99

85.87

96.68

Specific
volume of
vapor
(m®/h)

29.36

28.7

36.26

22.32

23.2
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71% 2232 m®h, R404A 71%F 19.18 m¥h&E Rl34a 7]Zo] 1.16W ©] &
A7E e

_54_



Table 3.3 Performance results of thermoking refrigerated container

Thermoking(R134a) | Thermoking(R404A)
Compressor work
4,749 5,076
(kJ/h)
Condensation heat
capacity 24,336 26,329
(kJ/h)
Evaporator work
19,587 21,753
(kJ/h)
Vapor quality 0.36 0.44
Compressor ration 28.28 15.68
COP 412 4.28
Mass flowrate of
refrigerant 35.87 109.64
(kg/h)
Specific volume of
vapor 22.32 19.18
(m®*/h)
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