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Abstract : The analysis of performance characteristics in a refrigerator truck using R404A and R744 was carried out
by using theoretical method, and each performance was compared with a variation of operating conditions. The

components and cycle simulation model were developed by using EES program. To investigate the performance

characteristics with operating conditions, the performance of both systems was simulated according to indoor

temperature, outdoor temperature, outdoor air velocity and compressor speed. As a result, the R744 system had a better

COP than R404A system for given operating condition. The cooling capacity was not increased over the outdoor air
velocity of 3 m/s. Besides, the performance of R404A system was more sensitive to operating conditions compared to
that of R744 system.
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- orifice throttle area, m”

: constants of equation (6)
: diameter, m
: effective orifice length, m
: mass flow rate, kg/s

: compressor speed, RPM

: superheat, °C

: compressor work, kW

: velocity, m/s

: density, kg/m3

Nomenclature p
e : compression 1atio, Peomp,out/Peomp,in
K : stroke length, m
Subscripts

c : compressor, critical, condenser
e . evaporator
g : gascooler
m : minimum orifice

: compressor stroke volume, m’/rev ] : suction
0 : orifice
p : piston
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Table 1 Specification of heat exchanger

Table 2 Constants in EEV correlation

Condenser Evaporator Constant Value
Fin interval [mm] 2.1 4.56 C 1.17x10°
Fin height [mm] 25.78 22.64 C, -3.99x10™
Fin width [mm] 24.83 26.13 Cs -7.27x107
Tube diameter [mm] 9.5 9.5 (O 3.86x10"
Tube thickness [mm] 0.5 0.5 Cs -4.55x10°
Total size [mm] 760.2(L)x283.5(H) | 864.6(L)x135.8(H)
x99.3(W) x209(W) Table 3 Simulation conditions
Qc,g [kW]‘ 3.66 Test condition Parameters
(Bis;;gi;:f;i;mg (.13) 24 RPM 1000%, 1500, 2000, 2500, 3000
Outdoor air velocity 1,2%,3,4,5,6
Outdoor temperature 25% 27.5,30,32.5, 35
N grras = 0.781749 — 0.000956 < 1:)( out (3) Indoor temperature 1,3,5%,7,9
—0.003812 X S]‘Im *Basic operating condition
—0.003565 % 77, +0.000033 X N
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Fig. 3 Flow chart for simulation of refrigerator cycle

o 4 dwo)
ysninpy

uonipuod ul dwo)
1sninpy

2 WrgArol 2o s B4 S gketelr] fEl g3
31 1000 RPM ol A 373 A3 2= 71(ISO 15502)&
71220 R st Mg Ttk &z
W ste] whE A5l A S f1ske] §alke] Xl RPM
AU S A S F7RE, ALVE FYEHeE &
71EEE HEAA AlEHolAS Akl on
Aol A FAE WA 2 E e &l
A= 84 272 Table 39 YERAATT

:l:‘4



Analytical Study of Cooling Performance Comparison in a Refrigerator Truck Using R404A and R744

L=

H a
A EH AES P A W 2t Wst
get olef gk Wshrh WA gl e] Aol wx]e

FFE dolr ] fla] AUSF S%E 1°C~9°C7HA|
2°C# Z7FA1 7 R404A 9F R744 WodA 28l o] A%
WS 12k Fig. 4= A u%»?:E H s}of| whE
R404A 9} R744 9] 45:7] Zow] 62 7 8- 1)
a1 A5 AS(COoP) 2] W3S HolFa1 Q) Fig. 4
of Zro] - Alzagl R Yl o] L7t F 1
w2} %4%% & A=A F7FelaL 5719] avlE
2Eo A5ASFE S Pf?}” 738k

2% F7te whE Qb7
R744 A|Z=Elo] R404A A|2~E)
| VhERS E‘SPTM*EM kg
HA LPEMUE 7] Anls e o] Ak 13
|5 R404A A]i%‘Oﬂ H] 3 R744 A]2=Elo]
35 =2 g8 Btk WA 220 A5
%7] = A= Yoo gt Fo1st

== W] niA Aol FrtalA
6H P71 EEEHE dEdRE 7
e ghAaghc)h e WAl 2wt 3

ro U}I_,
au) y?
oﬁiogpﬁ'
o.>,i—8‘
md_

ki
rlr

» rl
¢ 2 o

O o L off

H

O % e i

O
=

> o
RS
[
X,

==

ox Jo 10 ot fo
b
B>

i,
M oolr
o ﬁ

S e
Y
rzw

< b
=
o

o =

r&ﬁmﬂmgﬁ

ol

.—Qm—ﬁb‘_\ﬁ_&éo

}qugiu} 219
= 2527} 25°Cell A 35°c_E; /?3 Sholl e} R404A
o} R744 A 2=89] ¢457] M52 ZH7t 18.6%,
35.5% S 7Fat S om W82 59.7%, 13.7% 7H4A
shaith olo] 7 Alz=®le] ASATE 2 66%,
30% sk o ® UERth Ao 2% A
T2 AN w2 =R Qlate] Wuirt

G ZHS Kol whel Ao EEE =

3]

off
M e

3.0 5 E

w Q, cop =

—A-R404A  —@—R404A  —B—R404A 5

25 -/ R44  -O- R744  -O- R744 L4 8
o---- G- B N 8

B o

2.0 .__’_’_.__‘_'_’-’——I——"’_. L3 .S

8 8
8 O O O =—==0====--+ o) o
1.5 2 o3

X

A Al 8

1.0 A -------- ﬁ ———————————————— T A F1 o

o

@

T . :25°C,V_:2mis, RPM:1000 | ©

051 ; o — —L0 g

1 3 5 o 7 9 £

Indoor temporature (°C) S

Fig. 4 Variations of compressor work, capacity, and COP
with indoor temperature

3.0 53

w Q, cop =

—A—R404A —@—R404A —l—R404A E

25 -/ R744 -O- R744  -DO- R744 la &

8

o

2.0 L3 £
& 8
o o
1.5 L2 o3

£

s

1.0 F1 E

S

@

Todoor : 5°C. V,, : 2 m/s, RPM : 1000 o

0.5 T T T T T 0o
25.0 27.5 30.0 325 35.0 g

Outdoor temperature (°C) o

Fig. 5 Variations of compressor work, capacity, and COP
with outdoor temperature

Wuje] Agw st Srhske oo wel Wih-g-ako]
Bt ¥ o S EEEE W] oY
2=7F S7FeA fith B3 457 EEEE
Wyrjo] ¢t FrtE 7)ol En 7t Foekar
olofl QFF7]9] Al g o] Ftsl| Alawle] AT
Hadhs A4S YERATE 2 ol A= R744 A
2=gllo] ]3| R404A Al Z=glo] 2 9]Z 2w wislo]
o2}

) R404A9Jr R74

4 Al =Fhe
212} 16.5%, 3.2% A, PUEE 153%,

Transactions of the Korean Society of Automotive Engineers, Vol. 19, No. 6, 2011 123



xS - Y

Ho

3.0 8 2
w Qg Q, cop =

—A—R404A  —h—R404A —@—R404A  —E—R404A 5

25 -/ R744  -¥- R744 -O- R744 -0-R744 g
-6

o

=)

2.0 £
o o
L4 ©

o ‘o
1.5 o3
x

S

-2 ;

1.0 -
o

@

T, 57C, Touon 25°C,RPM: 1000 | @

0.5 T T T T T 0 g
1 2 3 4 5 6 £

[<]

(8]

Outdoor air velocity (m/s)

Fig. 6 Variations of compressor work, capacity, and COP
with front air velocity

—

3.0 163

w Qg Q, CoP E:

—A—R404A  —h—R404A —@—R404A  —J—R404A S

2.5 -/ R744 -¥ R744 -O- R744 -0O-R744 ©
L12 &

(3}

=]

o 2.0 £
S) L8 §
© 154 ®
<

L4 ©

1.0 E

[

A= a

05 ] Tindcor :5 C' Tomuoor‘ 250C' varr 12mis g

o T T T T T =
1000 1500 2000 2500 3000 g‘
Compressor(RPM) 8

Fig. 7 Variations of compressor work, capacity, and COP
with compressor speed

17.8% F7hak= 202 thehuth, mebA Al 28

S ATE 747 382%, 21.7% Stk AWE B
ATE S5714T Tl SRl wEk fE e

F719] AR FFol F7hste] Wrhst 719 G

o] Zrlele g F Al AE B yHlg ko] o7

ek Ao vehgth 2ot $57197 ¥
o] 3 mis oAbl A= F7)9} Wrilele] Amgtol
%%a%%@@&i%ﬂﬂbQQOV“ﬁb}
7 ebat AR A = AFS WATh Wb B AT
o4 A7AIE A} ko] 71Ee] g RS WA
Ele Ao} ga Fol= Ao Amrle] g
&30 H0 S 88 A 5 o

olr 7] —?4611 1000~3000 RPM77}7<1 500 RPMA =
7HAA A B o] A& skl 0w 11 A 3E Fig. 7

124 #2RSAI =2 H19A H6S, 2011

z -

=&8

off JeSITE 4571 31 S7tel uhef sh57]
oA EEyw= Wule] AEFRF 7R RA04A 9}
R744 Al2=¥le] 9F57] AnE =2 Z2h2f 2.3, 2.1
) Z=7belgda, WSS 1.6, 0.88) E7)stE
Ao &2 YERTh SHARE §F=7] anlEE o] St
Zo| Wulg ko] Z71E o v & 7] wjiEof R404A
9} R744 A =¥l o] A5 A= ZH2E21.6%, 41.3% 3
ZshE AE 1o F57] 3| Ae7E S7Eg
g} R744 A 2=glo]] H]a) R404A A]2~Ee] ¢F57)
2n)EEy WYuhgF Z71Zo] A Lpehton,
o]= 9tE 7] 3| A S Z7)o)] ulal R744 A 2~Eo] 1]
3l R404A Al 2=dlle] AeFfraFe] F7Hgo] 1 A7)
otk ol gt A A AAE Feel Haks
oA z0l W Ao W7 = RA04A WHEA

Flo] R744 Al =Rl HTH T & 1S 21 e = Tk
4. 8 E

—_

o A= R404A 9} R744
XJ/\] o] Ao afalet 2=

or ;g mlm
ﬂllo AN

HEER RO
gFd e
1) R404A = 2 R744 A2~ B

ol e} Wig @ 57}

k=t /\]/\Eﬂg] }\é‘_go] 601:/\01—
1] 3 R744 A] =€l e]
o] R744 A 2=8]0] 3 0.35

S

4
2 og MF ©
Ao

o \

> dlo

0
O

)
344

, R404A A
ko] 60% =

SATE B

2~H€) oﬂ

A

o o
5

i
(o5

rfo

2) ol whet W85 7t
S7Fstol whEl Al 2=®lo] A3
E}l 0.1 R744 2} R404A A 2~
Z}7} 30%, 66% Al Al

€l
=)
404A A 2=Elo] i o R

(ot e
i)
o

ofr Mt 4
> F10 B>
o2 e

o o i T oo o
N
‘WﬂllmoN—i
F1F_‘t

(o]
L

1

N

N
-~

o

tlo

o g
0,
%
32

o |
4
fr

== F

R404A9} R744 A|2=®lo] AFAG= 242

38.2%, 21.7% S7Fsh= A2 Ve O™ 3 m/s

oo F&oM= dughe] Fi
*%‘ ’deE U] o] TUFSHA g Zlo

= At
3]

71

oo U oo gd Ok P mx ¥R

Ay
)

3)

A

=

i

A%7} Fgel whek PgeF 37}

N

rl ;;
Ay S
O



R404A2} R7442| HOHE 0|&F HSEX HTHS v|mof| 28 sHAMA o7

ol vl3) F=7] AvleE FIFEo] A A|=H
ol ASATFE 2+2F 41.3%, 21.6% 78t
R404A A]2~lo] H]3)] R744 A5 A2 A5A
37k H 2 A8 gelskgith
C
EARES wGHer|eFo] Jdow
TAke] X 915 wro} =3yl F A A E A
AL AR o] A A AU T

References

1) G. Lorentzen, “The Use of Natural Refri-
gerants: A Complete Solution to the CFC/
HCFC Predicament,” Int. J. Refrig, Vol.18,
No.3, pp.190-197, 1995.

2) J. Pettemsen, “An Efficient New Automobile
Air- Conditioning System Based on CO, Vapor
Compression,” ASHRAE Transactions, pp.657-
665, 1994.

3) S. K. Fischer, “Total Environmental Warming
Impact(TEWTI) Calculations for Alternative Auto-
motive Air-conditioning Systems,” SAE 970526,
1997.

4) J. C. Mun, K. I. Choi, J. T. Oh and J. H. Kim,
“Cooling Characteristics of Refrigerated Vehicles
with Heat Storage Materials in Thermobank,”
Summer Conference Proceedings of SAREK,
pp.810-814,2009.

5) I. S. Brown, S. F. Y.-Motta, P. A. Domanski,
“Compraitive Analysis of an Automotive Air
Conditioning Systems Operating with CO, and
R134a,” Int. J. Refrigeration, Vol.25, Issue 1,
pp-19-32,2002.

6) S. C. Kim, D. H. Lee and J. P. Won, “Expe-
rimental Studies on the Performance Charac-
teristics of Heat Exchangers of CO, Air
Conditioning System for Vehicle,” Transactions
of KSAE, Vol.17, No.1, pp.146-153, 2009.

7) C. Tian, Y. Liao and X. Li, “A Mathematical
Model of Variable Displacement Swash Plate
Compressor for Automotive Air Conditioning
System,” Int. J. Refrigeration, Vol.29, Issue 2,
pp-270-280, 2006.

8) D. Sanchez, E. Torrella and R. Cabello, R.

Liopis, “Influence of the Superheat Associated to
a Semihermetic Compressor of a Transcritical
CO, Refrigeration Plant,” Applied Thermal
Engineering, Vol.30, Issue 4, pp.302-309, 2010.

9) C.C.Wang, “A Comparative Study of Compact
Enhanced Fin-and-tube Heat Exchangers,” Heat
and Mass Transfer, Vol.44, Issue 18, pp.3565-
3573,2001.

10) M. Y. Lee, T. H. Kang, Y. C. Kim and J. J.
Park, “Analytical Study on the Heat Transfer
Characteristics of a Spirally Coiled Circular
Fin-tube Evaporator Operated under Non-
frosting Conditions,” Transactions of KSME B,
Vol.35, No.2, pp.105-220, 2011.

11) D. P. Traviss, W. M. Rohsenow and A. B.
Baron, “Force Convection Condensation Inside
Tube : A Heat Transfer Equation for Condenser
Design,” ASHRAE Transactions, Vol.79, Part 1,
pp.157-165, 1972.

12) L. Friedel, “Improved Friction Pressure Drop
Correlation for Horizontal and Vertical Two-
phase Pipe Flow,” European Two-phase Flow
Group Meeting, Paper E2, Italy, 1979.

13) V. Gnielinski, “New Equation for Heat and
Mass Transfer in Turbulent Pipe and Channel
Flow,” Int. J. Chemical Engineering, Vol.16,
pp-359-368, 1976.

14) S.H. Yoon, E. S. Cho and M. S. Kim,
“Characteristics of Evaporative Heat Transfer
and Pressure Drop of Carbon Dioxide and
Correlation Development Near the Critical
Point,” Proceedings of the SAREK, Vol.16,
No.6, pp.530-534, 2004.

15) S. Churchill, “Friction Factor Equation Spans
all Fluid Flow Regimes,” Journal of Chemical
Engineering, Vol.7, Issue 24, pp.91-92, 1997.

16) C. C. Wang, K. Y. Chi and C. J. Chang, “Heat
Transfer and Friction Characteristics of Plain
Fin-and-tube Heat Exchangers,” Part II: Cor-
relation, Vol.43, Issue 15, pp.2693-2700, 2000.

17) Y. W. Hwang and O. J. Kim, “Experimental
Study on the CO, Flow through Electronic
Expansion Valves,” Summer Conference Pro-
ceedings of SAREK, pp.1237-1241, 2007.

18) EES: Engineering Equation Solver, F-chart
Software Inc., 2006.

Transactions of the Korean Society of Automotive Engineers, Vol. 19, No. 6, 2011 125




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


