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DBT
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Nomenclature

. area (m°)

. flow coefficient (-)

© chloro—fluoro-carbons (-)

: methane (-)

: chlorine (=)

© carbon dioxide (-)

: coefficient of performance (-)
. dry-bulb temperature (C)

© direct current (V)

© dobson unit (-)

. electric expansion valve (-)

: global warming potential (-)
. height (mm)

. enthalpy (kcal/kg)

© hydro—chloro—fluoro—carbon (-)
: hydro—fluoro—carbon (-)

© hydro—fluoro-olefin (-)

. internal heat exchanger (-)

. length (mm)

. lower flammability limit (vol.%6)
: mass flow rate (kg/s)

' nitrous oxide (-)

: oxygen (-)

: ozone (-)

. ozone depletion potential (-)
. pressure (kPa)

* poly-alkylene glycol (=)
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PEC © per—{luorinated compound (-)
Q " refrigeration capacity (kW)
SFs © sulfur hexa—fluoride (-)

T . temperature (C)

UFL . upper flammable limit (vol.9%)
uv : ultraviolet rays (-)

v : velocity (m/s)

W © width (mm)

WBT : wet-bulb temperature (C)
GWP . global warming potential (-)
Greeks

p : density (kg/m?)
Subscripts

air D air

DB © dry bulb

evap . evaporator

exit T exit

indoor ! indoor

inlet " inlet

outdoor : outdoor

WB © wet—bulb
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ABSTRACT

Comparison study on the performance of refrigeration

system 1n a refrigeration truck using R134a and R1234yf

Oh-Seok, Kang

Advisor : Prof. Cho, Hong-hyun,
MSd. Department of Mechanical
Engineering, Graduate School of

Chosun University

Number of cars is increased gradually due to development of automobile
industry and improvements of living level. To satisfy the demand of
consumers and to solve the environment problems such global warming and
depletion of the ozone layer, the development competition of eco—friendly
future cars such as an electric car and hydrogen fuel cell vehicle is actively
studied. Besides, shopping and eating out culture have developed rapidly and
purchase of goods through On-line have increased, therefore, the demand for
food of frozen and refrigeration have also increased.

Recently, R134a refrigerant has been used mainly as the refrigerant of
automobile air conditioning system. However, it is classified as global
warming gas by the 1997 Kyoto Protocol. To substitute the R134a refrigerant,
many companies tried to develop the alternative refrigerant like R1234yf
refrigerant. GWP of R1234yf refrigerant is just 4 which is lower than GWP
of R134a refrigerant(GWP=1430). In addition, ODP of R1234yf is O.

In this study, the performance characteristics of refrigeration system using
R134a and R1234yf in a refrigeration truck was investigated and compared.

As a result, the optimal charging amounts of R134a and R1234yf system
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were 1.4 kg and 1.3 kg, respectively. Charging amounts of Rl34a system
were 7.2% more than that of R1234yf system. Under optimal charging
amounts, COP and cooling capacity of R134a system were 2.63 and 4.23 kW,
and those of R1234yf system were 2.49 and 3.93 kW, respectively. To find
optimal EEV opening, EEV opening of R134a system was varied. The optimal
EEV openings of R134a and R1234yf system was 60% and 50%, respectively,
and COP of R134a and R1234yf system at this EEV opening was 2.69 and
249, respectively. When the outdoor air temperature increased from 25T to
35T, the power consumption of R134a and R1234yf system increased by 8.29%
and 5.5%. while cooling capacity of Rl34a and R1234yf system decreased by
7.9% and 6.7%, respectively. Accordingly, COP of R134a and R1234yf system
decreased by 15% and 11.696, respectively. When the indoor air temperature
increased from 5T to 9T, cooling capacity of Rl34a and R1234yf system
increased by 13.19% and 6.8%, while the power consumption of R134a and
R1234yf system decreased by 2.9% and 1.5%, respectively. Accordingly, COP
of R134a and R1234yf system increased by 16.5% and 7.796, respectively. As
the compressor rotating speed increased from 1000 rpm to 2000 rpm, cooling
capacity of Rl34a and R1234yf system increased by 21.7% and 18.9%,
respectively, resulting in 37.5% and 35.9% decrease COP for each system.
Overall, the performance of R1234yf system was lower than that of R134a
system. Under various operating conditions, the performance variation rate of
R134a system was higher than that of R1234yf system. Through the results
of this study, it can provide the basic information on the performance of a
refrigeration system in a refrigeration truck by application of alternative

refrigerant.

_Xi_
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Table. 1.1 Regulation of refrigerant by year.

Period
1900s 1990s 2000s 2010s
Specify
Non—freon
Particular Particular Substitution
HFO
Refrigerant freon freon Freon
Natural
CFC HCFC HEC
refrigerant
Ozone
Depletion
High High Low Low
Potential
(ODP)
Global
Warming
) High High High Low
Potential
(GWP)
International Montreal
- Kyoto protocol
convention protocol
Cuts of

Substance of

ozone layer

Cuts of

regulation ) greenhouse gas
depletion Substance
) Investigation of
Regulation i
) - CFC HCFC alternative
materials )
materials
—_ 4 —_
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06% Z7kshel AW Q= AAgel W 109 B o} 748 o g
Stk EF BE@ AYGH wES A WY 5e AGAA A 5 AY
Wel dle] oy ) ®rh EH UV-BZE 748 B9 slGAHAL #el Aol
Fad 4Be WA Y EIFAE ALL WANA YAF gaol e A
o ol Azl ShAuE K4 Aol A% 2, O T Aa, 9B £
Ao LM e vA Edwo] WA FAE 3} gad dad
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The Greenhouse Effect

Some of the solar
radiation is
reflected by the
atmosphere and
the Earth's surface

Some of the
infrared radiation
passes through
the atmosphere
and out into space

Earth's surface Radiation is converted to heat energy, causing
the emission of longwave (infrared) radiation
back to the atmosphere

Fig. 1.3 Generation process of greenhouse effect.
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Al A2 gAY e] HFC-134aW w7} 53shAl ®rh. HFC-134a® vl CFC-12
Yool th2A 43 Qlsbdel FlaL Oéiéﬂx}% A etA g e 2die
WSt Al @b ot EATFREA 98 BAX7F CFC-129vl9b v 523
gAY 2 ARE ] gfovt AF 23S AF(GWP)7F 143022 ®-¢- ol 1997
W LR A A 7238 Thag BRE FAUNE WeE 2 F H A

A F2dshE sl wet A dme] Aol FUbskal, Nl whet

o] Sy 24g3e ogdo] 7 AA eyt AR 3 9 dIPCO)N A
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FEG e 1947 T A7 ARiHrlLe] 06CHE FEIATL Has
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A2 A A geAzde] dAg <75

H AR o] Frbsta s dAme] AME B WEARE SUMR Qe A
Tds 2 LEFTY AV FAAQ] AR EAE dFEe] weks] dAAE
%%l HFC-134aWwl& WAst7] 913 =dos dAdr R 184w E
Zo] o w=o] W AZPAS Honeywellit 2t Dupontit 7} &2éle] 7w
gk HFC-134aWy vl & tiAsty] 913 diste = HFO-1234yfd v & A, 7¢stka
ow oo IR AFA AFzs|AE A W¥uld HFO-1234yfd v & AL&3)ar
Ut HFO-1234yfWd e &3 A F57F 0ol A F-2dsh++7F 4824
HFC-134aW 2] 14307 H]alste] wf-g- vrowm o 8hs &2 = HFC-134a%t

=3
31%6}‘% O Kt 7“’1 Zhop A dojzd AlxEE o8 Aol WS

1.21 =W A FxRALe] gqAgH A+ 53

Park et al.(2010)& Asx gx7]9 W= ARg¥o] & Rl13da's AT F
o WrHlE RI234yfS Base® 3slo] 4 %9 Rl34aZ &3 R1234yf/R13a &
o] Aee o952 WduEzd Asd ddxdos 43893, Riddad
e} e ma, BAAT Agxde dEdde $ELns 70, $Ees
7 45T oA HeEAar, AgHd e S8 —7C, 5257 A1ToAA A
g2 APstact =gYue] 49 Riddayvlel dulo] wpe}l 5%, 10%, 15%2]
Zguer Agstgnt. A Aol RI1234yfdr) el A5 A5 (COP)E= Rl134av
o] Hlshe] 27%HEE vigton WEEHS RI1234yfd w7} R134ard wjol] ©]s}
o 40%H%E &0l fastaAwt G A E Riddast A9 wls=d Ax
2 et £ A s AFE Rl3dadl Hske] 39% Ak vgkon &
gin) 828 Ri13das}t H]E=sAY 35%A % % Aow eyt R1234yfet
Eghyne] k=) BEER R134a°ﬂ H13] 41~67TC ALE ol A xdlg]
o 2 A 98 Aoz dAds it RI234yfet Edr) <]
ZHA %L R13dacl uls) 11/%%1 At ZoR vEyth gk S

(¢]

m >1>
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= RI234yfivfo] wste] 7k vrar 7]E9] Ri3da Wreh s87de] F£om
4 AFE F9 A FA-d AFs Frdete® RiddayvlE A st
=& Zlolgta HastHTHSE] Lee et al.(1988)2 Abs A& oozl dlste] Y
A" W3t olojd Adse MAe Y T2 HAE Folo A5t AW
Wl FAFE AaA stgon, AEAE oozl Hed WU F de AF
AAE AA 9 AFE AT S T ETIeR, 55, 50l 44 30T, 60%
25 m/selal &%V iFEUek, FHol 44 30T

7} 1,800 rpm%l &3 ZzistelA] W] S Wl wE A4¥e dsiark 1
Az AP FAFHEL 700 g~900 g FLolw o] W= FAw=glolojd 2
3 AU WrjFdFe] HAA WeledEET 10% FSoiy s d
109% ZFAFAARE 10% Hristel = Wubse o] Wal= A9 gtk ooz 7hs
Alef eojzl o] XEgstar F Wule] 80% ol/de] &5v|et WAAMHE| R¥
Hol lom A oloji Azl e7¥E WnFdEe 360 golA 560 g&
2 B9l Lee et al.(2010)2 A1 w9} AL d9ets 542 7bA|a

= 71 el WhEngdrE H483e el de Wstel oid e &
Aet7] flete] HAeH WHleR A48 Y e WIE dotrr] 96
MoAAE 29 4 BEe s Alad ool vAe dEFEE ZA4sHAT
Ri34a Al zde] WhAn7|E A&3 5ok 284 @2 4ol st
g w WA ssobxal bET] 28 FEHE Folgo] AlLH e
7kt en Heel RAmE FHT  glof HHAHR] Alad Rde &
USATE 71EWH Ri3dadule]l WFLAur]E 283 44-F 10%6-=e] AlAH
Feo] FFHdeH Ay WFLEnr S Agehd dHstE A9 §
3 4 Aste Retd 4 glvkar BaskitHI0] Lee et al.(2010)2 A AHS
<<% Ri13dayml S diAe = 3= WrlEe] 844 SAS E4stL dAYA =

Ao mE s 548 dotry| 918t Drop-in A5 B 7FE ste ool s
3k £42 s 2 23 fAY e Drop-inAl§elA R134a2] o A v

R1234yfwri o} R152aWnj 7 A Aet Wzl As dskovt Wi sl gt
Aoy 22 B Aol SEEI ASEEe] Tk wAlH S o w2 R1234yfd
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e dAE BY Zo® oatdlil R-152ay A9 A%S nd Aoz Fus)
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gdgdlrtar BastE Il Yoo et al(2009)& oz thA|ye] <= o)Ak
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1.2.2 %9 AFA FxA299 gAYn] A4 %ff}

Zilio et al.(2011)2 AF2H& &FFAldol] RI23Myf WrlE 2 &3] 7]E4]
R134a v AtolZe] SA& Hastar de@dde ¢t J@ Q1 TXV et
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64%A = FYste] Alge AR SARZFHE 9P T AU fller
HFC-134adl o7 Alzddin] AW &7} 2~3T wekar 457 EEstE sy &

o AeAF7t &3S Bt tH17]. Ghodbane et al.(1999)
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Fig. 2.1 Cvcle configuration of automotive air conditioning system.
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Al 2 A R134a, R1234yf B o] &5 A
2.2.1 R134a3vj o] A

F3ESEA(CFO) & 60d Aol MEHold 553 54& Ad drzA @
& =4, B, vFA Asg s3] e Wujolal dojshA B4
o =2]4 EAo] HoluA v 2E&Fuy 2A4E dEAHA giAE ¢l Rl34a
Wej7h s o] @74l AMEEH AL itk Rl3dav 948 ¥3

£2 337 A4(0zone Depletion Potential, ODP)7} 091 Wufjo]t}. w3t CFC-12
Wejo] A Yr=A WEdA o AFEEA A 544, 4984 2AA7)F H
ojuvtil e =4, EAA, B2 3 kg, e V) ddx Ade ke
Aol hdg iAWY = g skt 53] AER 7 %3) Al2F
2 AREHAN JHEAE, ATEYE A, S H e Show Case®t %
€ WA AA AREHEUT. Ty Rl3dadvis A T233A 5 (Global
Warming Potential, GWP)7} 14303 =2 w]-$- o} 19973 &0 wE]AHA &
of elsle] FFAZFAE EFFHILW 20069 12€9] EU(European Union)el Al
Directive 2006/40/EC *H11& &SI o] Hars GWPZF 1500]4¢] W rjAt
& FA 9} Yul FEFL AgsE &S @ rh Table. 2.1 Directive

W=
2006/40/EC ol Wik e 2 vekd Aol

Table. 2.1 Regulations of Directive 2006/40/EC.

Refrigerant leakage

Classify GWP Regulation
regulation
Single
. evaporator 0g/vear | Gwp 150 or More
Regulation content
Dual disabled
60g/year
evaporator
New
. From 2008.6.21 From 2011.1.1
Regulation Automobiles
; Existing
tme From 2009.6.21 From 2017.1.1
Automobiles
— 20 —
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2.2.2 R1234yfd v o] EA

2011958 AE2 A3 AFEL EU(European Union)ell Al Z22d MAC
(Mobile air Conditioning) Directive 2006/40/EC A2 A &stHom 2
A z2po] = R PF233F 4] 42(Global Warming Potential, GWP)7} 1500]3}¢]1 Wy ]
E AFES RS itk WHAlx AL 9 AEAA A AR o' 7] Eek
7ok FAE Foted R13dawdrle] dA@eE 7Hdstr] st B2 A7E A
a stom Auk 4 spAola getdow hbdE WHjE siEstr] $@)
2 alal vk R1234yfd vl Ri134avdul el 3.3t o] £9vW Drop-in°] 7}&3k o
A 24 R-7T44(CO) WM Kt} o] F&o] Fon & rjkolr AR
Mg, AT WEo] Fol 2EFT A (Ozone Depletion Potential,
ODP)7} 0ol A3} % 4=(Global Warming Potential, GWP)7} 424 %13t
AWz Zbgara gtk R1234yf &7) %3 A28 #A) Rl3da A ~Ha 2%
Hol glo} FxAA~He] A WA B wA glo] AMETbEstRE Aitu] g A
74 A2 FAE w5 & Qrh B3 R1234yid o] g7 11424
131391 RI34ar v Bt} o} o R-744(COY ™ 7|4l 100 B} v
T Zh& FAolth. HFC, CFCE W7] T4 ZalE = 4 do] Z2ed v
3l R1234yf= tl7] SolAl a7 tE o, Asak g7t Alade] g
Alel FtgeldA S UyA] Z&Heln 247tAE &Y A olzlol Slef 7

o AR 71 s = Yol

1
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Al 3 A R134a, R1234yfd vl o] dst# &Adx 6w
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FAEE 6%2 AT AF(COP)7F #2484 duh 71&
Ri134adv] &7]&x3A] €& R1234yfdv] Alxdle] 288

5ol 10%8 % 74T 4 Aok 18 FH 2o R-1234yf
A7 a2 R A w3Er] LH.X(Internal heat exchange)”} #-&
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Table. 2.2 Comparison of thermodynamic properties of R-134a and R-1234yf.

Refrigerant
HFC-134a HFO-1234yf{
Material Property
) 1,112 - 2,333 -
Chemical Name
Tetrafluoroethane Tetrafluroprop—1-ene
Molecular Formula CH2FCF3 CH2CFCF3
0 F
Molecular 3-D )
osicuatr M) F_(lj_(lj_H HZC&F
ructure
J O | FH o FF
Molecular
) 102.03 114
Weightlg/moll
Boiling Point[ C]
-26.05 =295
at latm
Freezing Point[ C]
-96.6 -150
at latm
Critical
. 101.06 947
Temperature[ C]
Critical Pressure[kPal 4,059.3 3,380
Critical
) 3 511.9 475.6
Densitylkg/m’]
Vapor Density[kg/m’] 5.26 5.98
Liquid Density[kg/mg] 1207.0 1091.9
Liquid Heat Capacity
1.425 1.392
[k]/kg-K]
\% Heat C it
apor Heat Lapacily 0.851 091
[k]/kg-K] at latm
Heat of
Vaporization|k]J/kg] 216.98 180.25
at latm
Vapor Pressure[kPal 665.0 683
Liquid Thermal
o 31.1 63.59
Conductivity[W/m-k]
—_ 23 —_
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Vapor Thermal

o 13.8 13.97
Conductivity[W/m-k]
Liquid Viscosity
194.9 155.5
[upa-s]
A% Vi it
apor Viscosity 117 123
[upa-s]
Liquid Enthal
{AHic Bha by 99747 9966
[kJ/kgl at 20T
A% Enthal
apor ERthaby 40975 3759
[kJ/kgl at 20T
Liquid Ent
1Ate Bropy 1.0962 10931
[kJ/kgl at 20T
A% Ent
apor BHHOPY 17180 16024
[kJ/kgl at 20T
Toxicity Non-Toxic Non-Toxic
A2l
UFL:
Flammability/ Non- 12.3(vol.%%)
B ) Al Flammable
Flammability rating | Flammable LFL:
6.2(vo0l.%6)
Ozone Depletion
) 0 0
Potential
Lubricating Oil PAG, Ester PAG
Global warming
) 1,430 4
potential
Atmospheric Life
] 14-year 12-day
Time
—_ 24 —_
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Fig. 2.2 Comparison of the vapor pressures of R-134a and R-1234yf.
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Fig. 2.3 Comparison of latent heat of vaporization of R134 and R1234yf.
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2.3.3 ¥ % (Density)

drs dAAE AFe guiein S a7t vl 2WshA d 3w o
Ae7HE Vet Weje] A dAE e FUERR T

24%  HFC-134aW¥vle}  HFO-1234yf¥ve] ALY EE  Hwd gz
HFO-1234yt@ vl 7} 11%4 % 2rh. HFO-1234yfi o] A4 =7}

7] wjel AEAE g s Alade] S de] faste] Wujol FAY HaE

7l oz FEHe Wlgel EoleA wHol Wrdded & dFE vAA &
o

S Aoz FAHC) Fig. 255 F Wule] =/EEE Mz Hwd T ZEA
714 Wi HFO-1234yfWd el 7 HFC-134aW v Bt} =7 =7} 14%~20%

A Eoh S71EE7E 7] W] 7hsae ulA ¥ el il Drop-in A% %

7F Alell Bule] frEds &b sl wekd HFO-1234yf¥ w7} HFC-134a'

e Fo FrdE Frbd whE Wua 4
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Fig. 2.4 Liquid Density Comparison of R134a and R1234yf Refrigerants.
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Fig. 2.5 Comparison of vapor density of R134a and R1234yf.
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Fig. 2.6 Comparison of Vapor Thermal Conductivity of R134a and R1234yf.
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Fig. 2.7 Comparison of Liquid Thermal Conductivity of R134a and R1234yf.
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Al 4 & JEALE
241 §259 &

Z3} A 2"o| A AbEshE WE T 57 2 vhge] A sl
oA FE2EE ot Wuje E3tste] AlAE | E w8sty] wlol &84
& 2 Qoo A KSHE AFLEE agstelol sl HRFC-134aw v o =
F% PAG(Poly-alkylene Glycol Oi) ¢} Esterd 242 F=2 AL&3F o A W
g2 dE HRO-1234yf Wlel = PAGL o]l &= glth Table. 232 %
g FuEdd #e AFGE 12 Ve o)t
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Table. 2.3 Requirement condition of lubricating oil.

Contents

Requirements

Essential Requirements

It should be non-toxic.

It should be environmentally friendly.

The flash point should be high.

Factors affecting machinery

and equipment reliability

The viscosity should be adequate.

The wax should not be separated at

low temperatures.

Carbonization should not occur at high

temperatures.

It 1s easy to separate from refrigerant

and should not cause chemical reaction.

It should not contain impurities such as

moisture, acidic substances and the like.

Electrical insulation should be excellent.

Oxidation should not occur even after

prolonged use.

The solidifying point should be low.

Requirements at using

It should be recyclable

Price must be appropriate

Collection @ chosun
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2.4.2 Wrle) BEAFA

Table. 24% HEFC-134avd v} HFO-1234yfiv]e] ZetrdE 9 vl E3HA)
gt A4S vebd Blolth W= 9] Honeywellit @t = A7) ol €

g7 ZBA 2ol AMRSkE of 2] ZFA] ARl disie] Wrjete] S8 HAE
E Fdsiglen Ay, FAEA, 45 & WS Y SRS
Steel, Copper, Brass, Aluminum &% 7+ W¥ujo] thdt s8d o] o] 71E9 2
FAERYE A" AMEE A Drop-in e HAEE Ao o] Awukgo] gle
2o g ARETh Fig. 288 A8HA Weazdel Ao AEH A= AR
S HofFal Utk

1@

Table. 2.4 Comparison of parts suitability of R134a and R1234yf.

‘ Refrigerant
Substance - HFC-134a HFO-1234yf
HNBR Suitable Suitable
Nylon Suitable Suitable
Epoxy Suitable Suitable
Polyimide Suitable Suitable
Neoprene Suitable Suitable
EPDM Suitable Suitable
Suitable with some
Butyl Rubber Suitable
exceptions
Silicone Unsuitable Suitable
Polyvinylidene Fluoride and
Copolymer of Vinylidene
Unsuitable Unsuitable
Fluoride and
Hexafluoropropylene
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Fig. 2.8 Photograph of compressor, condenser, EEV, evaporator.
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243 ¥ AL

AbEAE 7 ZSA "] Aol Wl b Fte lo] ThdAd S i
sjop sl A7 Eo Ab&E> HFC-134aWme] Z4-$ vz Fx9YEs3
(ASHRAB)II A& 7144 558 Ale®  FASA, vdw asH
(Department of Transportation, DOT)ol A %= ®] 7}dA Wrj2 Astach Al W
g JdE HFO-1234yf¥ ™o 4% vl= #xWEstsdis 4 o5&
A2LZ GFASIATE o] 552 HFO-1234yfy v 7} ok7ke] 7ldd o] Qle2 539
vt} Table. 25+ HFO-1234yfdu] 9} HFC-152av8wje] 711 SHAE vl &
olty, F WwlE Wy uw HFO-1234yfwvle]l AASsHA(LFL)A 47F 6.2
Vol.%% HFC-152a%] 3.9 Vol.2%6H Tt} ol 7Fagdo] B vhe A& &4 & St
HEO-1234yf il &= "] =2 2171 5838 (SAE)] CRPI234XZZ 134 9o]ste] 7}
A4 2 AR HUHE AEe L, ol wWE AFRE AR F7Z3F Al 2F
A8 7hed A et B ohek S Tﬂr.

Table. 2.5 Flammability Limit Comparison of R134a and R1234yf.

. Flammability Minimum
G Burning
. Property LFL UFL Different Ignition )
N Velocity
Refrigerant \\ (Vol.9%6) | (Vol.%) | (Vol.%) Energy (/)
m/s
L (M])
HFC-152a 39 169 13 0.38 23
5,000~
HEO-1234yf 6.2 12.3 5.8 15
10,000
—_ 34 —_
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3.1.1 289 deAL" AAZA

B do| A= HFC-134a, HFO-1234yf Hvje] ASEAL um 2 RAlsx
A AEYEER Aladle] @l 4T, 57, V], AAAFWE o] &35}
o HEGAE sttt g Heolgo| nAHHE 55 kW 3dH5E HAEEH
7} Ab2(Swash Plate Type) $F&7]9F V-belt® 4w o] uvlg o] ¢ste] <+
7] IAFE 2HE F UARS AFstR e Fig. 318 A gxA 29
TAE BoFal Qv Fig. 3.2% 38z okt 7F A&E A WS(Indoor Side)?
A 2] Z(Outdoor Side)® WA A= €87 @ (Psychrometric Chamber)W] 2] 74+
25 (Dry-bulb temperature)®} & 725 (Wet-bulb temperature)S ZFZF Aok

lH

F UE MFEE vehda vt A5e 4571, 57, dH9THAZ 74
o] slom AWEHES AARAUE, SV E FAEHAUY. HAF &5V F
£33 AUSe SV FE52 DCAYEAY FAE olfste THE& dAHLE
Aolg 4= JYEE FHTE Table. 3.1 IS4 AN AU HejZe] Yi7,
3H, 7ls719 8%S 22 JUeddn. A8dsHEa Aladle] RHAEASE I
o}slr] fste] StEA, XA, ARFHAE AA ATt dEAE 19Sd &
7] 79, AgS ¢E7] g dAsEgen dEghEAs S8 7%
H=7] AT Abelel F B E ol &ote AZ&UT 2ERAE T2V, 571
Arol et Hj o] ZF F-7be] dAsHTE EVIe AeFE S Pﬂ%EH@r QI E
7t A g A A (Power Meter)S A | 610 24 a)
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Fig. 3.1 Schematic of the refrigeration system of refrigerator truck.

% Temperature Chamber Data acquisition
controller system

@ Pressure H
\ |

Outdoor chamber || Indoor chamber

Condenser

PR
e $®a$® | Ao €D e

Expansion
device

Fig. 3.2 Schematic of experimental equipment with psychrometric chamber.
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Table 3.1 Specification space air conditioning handling unit.

Space Control system Capacity (kW)
Heating heater No.1 15
Heating heater No.2 15
Humid No.1 16
Indoor side
Humid No.2 8
Refrigerator No.1 3.7
Refrigerator No.2 2.2
Heating heater No.1 175
Heating heater No.2 175
Humid No.1 20
Outdoor side
Humid No.2 10
Refrigerator No.1 3.7
3.7

Refrigerator No.2

Collection @ chosun
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Fig. 3.3 Outside of psychrometric chamber.

NNENTNN ENE

L TIT IENN

Fig. 3.4 Control panel of psychrometric chamber.
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Fig. 3.6 Air sampler and blower.

Fig. 3.5 Air sampler indoor side.
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Fig. 3.8 Calorimeter with an evaporator.
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Table. 3.2 Specification of code tester in fan tester.

Item Specification
Total size 1,L1I0OOW x 700H x 3,000L
Tester anemometer size 400W  x 6001
Insulating material 50 mm Urethane
Temperature range Dry bulb ~ 1
Body material STS 2.3t, SUS-304 AF thaH ~ 2
Nozzle 45 x1, Db x1, 65D ;}?é?)lr cylinder open and
Test size 900 x 430
Table. 3.3 Specification of suction fan.
Item Specification
Type 2 1/2 Single suction Turbo fan
Capacity 20 m*/min x 180 mmAq
Number of motor 3

_42_
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314 4&5A WEAxde] A
7}. +=7] (Compressor)
dEVlE FHlOA I AL, A9 ey AE Fdste] e, st
g AHE 4Hd FH §FHVE olFsle §&Fo] o] FAAEE stE A olrh
Fig. 3.9% Ab#A §F57] SDBLI4S] REFE& AR o® vEy o8 F7]X34
2dle] Z¥o] wpA 9FEv] e AN} wislsle] EEgRke] RItE &
A §EE7lelth Table. 34%  AF#2 §F&7] SDBL149] AMSE 2 vERI
Aol tt.

Fig. 3.9 Photograph of Swash plate compressor.

Table. 3.4 Specification of Swash plate compressor.

Composition Measure Value
Cylinder bore mm 35
Cylinder stroke mm 28.6
Displacement per revolution ce/rev 138
Number of cylinders - 5
Pulley Type - V-belt
Lubricating oil - PAG
~ 43 -
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Fig. 3.10 External view of the condenser.
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schematic of condenser.

Fig. 3.11 Internal
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Table. 35 Specification of Condenser.

Specification Unit Value
Fin interval [mm] 2.1
Fin height [mm] 25.78
Fin width [mm] 24.83
Tube diameter [mm] 9.5
Tube thickness [mm] 0.5
Total size [mm] 760(1) % 284(H)*100(W)

o}. Ax v33M Y (Electronic Expansion Valve)

WAMBE S5V S5 e negeEe] JuE e ¢ s o

i

Saa
(=
|

Fig. 3.12 Photograph of Electronic Expansion Valve.
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t}. S 97] (Evaporator)

Fig. 3.13& 2 A¥o|r ALL3 Louver fin type 279 EHS Ao ®
Uetigl e 7] 5710 &5d a1, a5t AA|dnrt e s
T W wEFES sPHA AL, At AR Wela S #e 5
Hapga 9ol ;Lo F/NREH A& Fiele FHE dANTE gEe

3.

st7l @t Table. 3.6 A3l AR SHE7]e] Alke %2 el Aot

Fig. 3.13 Photograph of evaporator.

Table. 3.6 Specification of evaporator.

Specification Unit Value
Fin interval [mm] 4.56
Fin height [mm] 22.64
Fin width [mm] 26.13
Tube diameter [mm] 9.5
Tube thickness [mm] 0.5
Total size [mm] 865(1) x136(H) x209(W)
— 46 -
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321 =4 #A
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F7-eR1(ashel dAE s H¥ Abolo] Adste] §E e WEE AdH BT
Fig. 3145 A3 A4 Setrarte] C20698 A2l X5olw Table. 3.7 &¥
AL AL EE eI

Fig. 3.14 Photograph of pressure gauge.

Table. 3.7 Specification of Pressure gauge.

Item Specification
Company Setra
Model C206
Pressure range -14.7~3000 psig
Input 24 VDC
Output 4~20 mA
47 -
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Fig. 3.15 Photograph of T-Type Thermocouple.

Table. 3.8 Specification of T-Type Thermocouple.

Item Specification
Type T-type
Temperature range -200 to 300C
Ansi standard limits of error 0.75%
Ansi special limits of error 0.40%
~ 48 -
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(a) Mass flow meter (b) Data acquisition system

Fig. 3.16 Photograph of mass flow meter.

Table. 3.9 Specification of mass flow meter.

Item Specification
Max pressure 250bar
Max temp 120C
Mass flow rate 10 kg/min
_ 49 _
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Fig. 3.17 Photograph of power meter.

Table. 3.10 Specification of power meter.

Item Specification
Channels 2
Freq. Range (low) 500 mHz
Freq. range (high) 100 Khz
Computer Interface GPIB or RS-232-C
Sensors 751574 Current transducer
- 50 -
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Fig. 3.18 Photograph of inverter.

Table. 3.11 Specification of inverter.

Item Specification
Model number VIFD-037M
Max Applicable Motor Output 37 kW (5HP)
Input 3-Phase 200-240VAC, 50/60Hz
Output 0.1 ~400Hz
-5 -
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Fig. 3.19 Photograph of MX100.

Table. 3.12 Specification of data logger.

Item Specification
Manufacturer Yokogawa
Model MX100
Measurement interval 500ms
Input voltage AC 100~240V
Max voltage TOVA
52 —
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o Aea dotrr] 918 ddxdS Table 31300
O

Table 3.13 Test conditions for measuring of performance.

Composition Unit Value
Refrigerant charging amount kg 11,12 13,14, 15
Indoor side air temperature T 5, 7,9
Outdoor side air temperature T 2b%, 30, 35
Compressor rotating speed pm 1000+, 1500, 2000
Indoor side and outdoor side

relative humidity & 2001
Electronic expansion valve o R134a: 50, &5, 60, 65, 70
Valve opening amount RI1234yf: 40, 45, 50, 55, 60

*Standard condition
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4.3 Variations of compressor work and
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