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Performance Analysis of the Flooded Refrigerant Evaporators for Large
Tonnage Compression-Type Refrigerators Using Altemative
Refrigerants

Nae-Hyun Kim
Department of Mechanical System Engineering, University of Incheon
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Abstract Enhanced tubes are used widely in the evaporators of large tonnage compression-type refrigerators. The
evaporators consist of tube bundles, and the refrigerant properties are dependent on the locations in the tube bundles.
In particular, the saturation temperatures of low pressure refrigerants (R-11, R-123) are strongly dependent on the
locations due to the saturation temperature-pressure curve characteristics. Therefore, for the proper design of
evaporators, local property predictions of the refrigerants are necessary. In this study, a computer program that
simulates the flooded refrigerant evaporators was developed. The program incorporated theoretical models to predict
the refrigerant shell-side boiling heat transfer coefficients and pressure drops across the tube bundle. The program
adopted an incremental iterative procedure to perform row-by-row calculations over the specified incremental tube
lengths for each water-side pass. The program was used to simulate the flooded refrigerant evaporator of the "T"
company operating with R-123, which yielded satisfactory results. The program was extended to predict the
performance of the flooded refrigerant evaporator operating with R-11, R-123, and R-134a. The effects of bundle
aspect ratio are investigated.
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Fig. 1. Schematic drawing of the flooded refrigerant

evaporator
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Fig. 2. Illustration of six commercially available
enhanced boiling  surfaces:  (a)Low-fin
tube (b)Trane bent fin (c)GEWA-TX
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Fig. 3. Saturation temperature and pressure line for
R-11, R-123 and R-134a
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Fig. 4. Computational model of the flooded refrigerant
evaporator

o
fr
)
r>~

AP= AP+ AP, + AP, )



A S

283 diF 4= YE71Y Tl FEvlo] giwt 4 s

o

wha <F
9
0 ] Oﬂ

o7 AP= & HEEL(Pa), AP=
(Pa), AP,= 715 hEEA(Pa), AP
olt}. 7} &5 Aksh= Al tisiA=
3] 71%5 o9

2.2 Chen [9]Q] ZHMIti= H
Chen [9] A 71 5&

o7 Qzbate] ofgfo] ZAAUF H5

i
J

EIRCIRSS

ho = Shnb +Fhfc

S Aol s oA ow Fe %

HlE AOM oz Ta TE 5
217} ol
A==
% 3}5}

ek

[es]
w2
]
c

E
=
;
o
L
:L
2
[on
IS3
a
=)

=
rlo

weEe Ane

Chen [9] Z71ol e} w5 wHe o
aho] gkolAl A &) nlGo] QAEE ENE AIA S=
R A A s o A soﬂ ma g

Bennet et al. [14]°] A|ASIAH. ol&

1o,
19 M
o,
£
=
&
(o
@
o
=

T
==
w
(¢}
=]
8
B
S =
o, &
_(BL —
! of A
g =T
2
Sy
§& rg [o ok
[0 & T @ ro ot

W rlo
flo Xy

2L
2

21

2.3 Y2y

) Vo) A4 e A, b 0
23 Feedn TAET RelaERde sy v}
FEAE vt ol yehiRit:

AP, = [2f NGH(1—2),](¢,)? )

7| G AF FE(kgm’s), ¢
A A (m'/kg), ¢ ol drtARIAL N I 2AA U]
el & f= 47 G(1—x) 2

g w vy mREAgRel,

WAy T

=
U

ot Ix

==

w»n
%
()
g
[¢)]
a
=
o
=
—
—
~3
i
—
2
=
=
g
=
o
[¢]
-
[
=
—
—
oo
29
o

AP, = G’2A[172vg/a+(1*17)21)f/(1*a)] ®)

AP, =gNPAla/v,+(1—a)/v] ©)
S A v = 71A9 H] A (m’/kg), q—E e e
(/s)), Pr= FE A (m), ot 71&&olth #e] 4

¥ o< Palen and Yang [3], Schrage et al. [17], Payvar
[19]9] e oz e 78 5 gtk

2.4 Y7 siA =i}

F71) WEsd o 9 A by, h,, APE B8
alo] oluje} & Az Ik

() 925 7% 7,5 7Hgett. o] 2u HE
BEs ook AA Wkt m, = Q/liy, (z,— )] 5
TEh oM i = S AA(kg)olth A v aAH

We] el m=m, /NN,

= 2ol W vla ARl £ A,

o] ®th. o714 N,
= g Folrh S

L

O AEE 022 7P
(2) TV B oA 9 Wulte BE 7P gt



S| Eersl=EA) ATE A6E, 2016

P,=P, ,+AP (10)
AP=gNP/v, (1)
v, = (1 *x)?)f—l—:m)g (12)

(3) A PaAH W4 dHFEH WrlsE W
S Ao AEE A5t ﬁ% ]
26, (D~9] 2
Mt A A o] E
Ack

@) TL7] 4 E2FA] AL (z,) 7F 1.0 ©] H=
gelgtth, Ax7)F .08 ZAY Yol

l

o

2o

=

A]

1nd)
la
ey
2
g(_‘
iy
(e
2=
ﬁ
0
u
T
=
N
oi‘i

©) (=)l 7
ofu) A H%%t%
Hele] Fat FWe) WS
o= Ter, Fig 59

maY

Input :

Evap. spec. (D, P, N, N;)
Aspect ratio, Property
Coolant pass

Ref. inlet quality, Sat. temp.

Assume : Py,
Py=Py-AP

| Assume : m, |

| Calc : AQ, h,. h;, AP |

]

Fig. 5. Flow chart of the flooded refrigerant evaporator
simulation program
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Table 1. Specification of the flooded refrigerant Table 3. Effect of bundle aspect ratio on refrigeration
evaporator ("T" company) capacity (R-123)
Item Spec. Aspect ratio 0 (RT) Ty (°C) Tyt (°C)

Refrigerant R-123 13x15 1239 5 5.64
Capacity 1266 RT 15x 13 1246 5 5.49

Water flow rate 782 m*/h 19/20 x 10 1250 5 531

Water inlet temp. 12°C 39x5 1229 5 5.09

Water outlet temp 7°C

Tube length 45 m

Fig. 6. Tube sheet of the flooded refrigerant evaporator
("T" company)

Table 2. Predicted Refrigeration Capacity

717' Qexp (RT) Qprezl (RT) Qexp/ va'ed
4.0°C 1266 1374 0.92
45°C 1266 1283 0.99
5.0°C 1266 1192 1.06
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Table 4. Effect of bundle aspect ratio on refrigeration
capacity (R-11)

aspect ratio 0 (RT) T (°C) Tyt (°C)
13 x 15 1347 5 5.60
15x 13 1357 5 5.48

1920 x 10 1370 5 5.30
39x5 1370 5 5.09

Table 5. Effect of bundle aspect ratio on refrigeration
capacity (R-134a)

Aspect ratio 0 (RT) Toar (°C) Ty (°C)
13 x 15 1343 5 5.03
15x 13 1340 5 5.03
19/20 x 10 1333 5 5.02
39x5 1319 5 5.01
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