[UCI]1804: 24011- 200000233885

20074 2H
AiE - B2 57 5 3L

Shell and Disk type®d <€ ul 3}t7]09
A &3 Rop9 NHsz9l 5 A #3
A2 AF

IE R B RS KB
B L 2 B

T m R



Shell and Disk type®d < 1l 3l7]9]
283 Rp9t NHz;e 5A 3l
AdA A

An Experimental Study on the Characteristics of Rz
and NH; in Shell and Disk Type Heat Exchangers

20074 2H 23H

i) SN2 BN 17
B oM LT B R

Y /AR



Shell and Disk type
A &3 Ro9t NH39

APH AT

fREHKR W ik 5

o
=

Y= L8 B P

20065 107

o7

H

i) SN2 BN 17

B oM LT B R

T (/A

'S



THAE S LB S RAET
FAR WEARE HE TRME & K6

WIEERER: i LBt F £ R

A
il

Z B WK i LEE+E W 8k 5

20065 11H H

KRB R KB



N OIMIEIICLATUTES ++rvvveveeersmmeeesesssssssmmassessssssssssssssssssssssssssssssesssssssssssaseeees i
LISt OF TADIES crrrveerrrmmrrressssmnerrssssssessssssessssssssssssssssssssssssssssssssssssnsseeees -
LISt OF TIGUIES wwrorrrvverrssseesesssissssssiesssssisses e v
List Of PROLOGTAPIS wwrovvererrieresssssssiessssicssssissssiesssissssniees vi
ABSTRACQCT reeeeeeessmeeesssssssesssssssssssssssssssssssssasssssssssssssssssssssssssssne vii
Al 1 A A B e 1
A 2 A FBDO]E s 4
2.1 W O] B A s 4
2.2 NH3(R717)8] B A o 8
2.3 R229] A oo 9
24 WEAO] S A 12
2.4.1 O] 2 WHEALO]E i 12
242 A A WIEAFO] S oo 14
Al 3 A AT AR s 17
3.1 Shell & Disk Type @137 F+x 2 54 o 20



- 22

25

25

TE s

oF

51 ¥ 2%

27

29

31

N
A
o}y

il

—

el

A

~

A

olo

Q)

33

B

o

N

olo

Lo

35

1A
ol

!

o

+

2

Nle

oY

37

el
.Eﬁ

2

Nle

39

41

43

A6 4

44

0
g
B

XH

ii



TC
TE
COP
GWP
ODP

Nomenclatures

Condensing pressure [bar]

Evaporating pressure [bar]

Saturated pressure [bar]

Heat capacity of evaporation [ ]

Heat capacity of condenser [ £}7]

Refrigerant mass flow rate [ 4o/ /)

Cooling water mass flow rate of condenser outlet [ 4g7 /]
Cooling water temperature of condenser outlet [C]
Chilled water temperature of evaporator outlet [C]
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Ozone depletion potential
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ABSTRACT

An Experimental Study on the Characteristics of Rz
and NH; in Shell and Disk Type Heat Exchangers

Jung, Song—-Tae
Advisor : Prof. Ha, Ok-Nam, Ph.D.
Department of Mechanical Engineering

Graduate School of Chosun University

Nowadays HCFCs refrigerant are restricted because it cause depletion of
ozone layer. However, natural gases such as ammonia as an organic compound,
propane and propylene as hydrocarbon are easy and cheap to obtain as well as
environmental. Accordingly, this experiment apply the NHs and R22 to study the
performance characteristic from the superheat control and compare the energy
efficiency of two refrigerants from the high performance. The condensing
pressure of refrigeration system is increased from 15bar to 16bar and degree of
superheat is increased from 0 to 10C at each condensing pressure.

This study conducted the comparative analysis of performance of refrigerating
systems using NH; and R22 with respect to the change in condensing pressure

and superheat and the results are presented as follows.
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1. The mass flow rate for NHs was more comfortable for a change of the
condensing pressure and the degree of superheat than R22. We found that NHs
is more superior than R22 for miniaturization of refrigerator.

2. As the condensing pressure and the mass flow rate is changed, we found
that NHs is easier than R22 for the mass flow control of cooling water.

3. When the degree of superheat temperature is above 4C, the COP of NHjs
was higher than R22. If it operates by the same load, NHs; will be more
superior than R22.

4. We found that NHjs is suitable for substitution of R22.
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Table 1 Characteristics of refrigerant

Refrigerant NH3 R290 | R134a | R404A | R22 R502
ODP 0 0 0 0 0.055 | 0.33
GWP 0 3 1300 | 3300 | 1700 | 5600
ASHRAE SAFTY
B2 A3 Al |Al/A1| Al Al
GROUP
Je
oy | 884 664 495 800 795 748
TC/TE
Power | 159 123 90 159 143 149
40/0°C (keal/m’)
COP | 578 | 540 | 551 | 503 | 555 | 5.01
Je
Gl | 401 322 213 368 383 353
TC/TE
Power | 199 107 69 134 121 128
40/-20°C (keal/m’)
COP | 328 | 302 | 309 | 275 | 317 | 276
~40 072 | 111 | 051 | 135 | 1.05 | 1.30
-20 190 | 244 | 132 | 306 | 245 | 290
Peai(bar) 0 429 | 474 | 292 | 6.07 | 498 | 5.70
20 857 | 838 | 571 | 1091 | 9.10 | 10.18
40 1554 | 13.72 | 1017 | 18.16 | 1537 | 16.87
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Table 2 Recommended properties of an refrigerant

Necessary

stability
safety (non-flammable non-toxic,
environmentally benign)

excellent thermodynamic properties

Desirable for machinery reliability

lubricant solubility

low moisture solubility
material compatibility
good transport properties

high dielectric strength

Desirable to facilitate application

amenable to recycling
ease of leak detection
easy recharging

low cost




Table 3 The effect of the refrigerants on the environment

Refrigerant ODP GWP
CFC-11 1.0 4000
CFC CFC-12 1.0 85000
Refrigerants CFC-13 1.0 11700
R502 0.33 5600
HCFC-22 0.055 1700
HCFC HCFC-123 0.02 93
Refrigerants HCFC-124 0.022 480
HCFC-142b 0.065 2000
HFC-22 0 650
HFC-125 0 1300
HFC-134a 0 1300
HFC-143a 0 3800

HFC

Refrigerants HFC-152a 0 140
R404A 0 3300
R407A 0 1500
R410A 0 1700
R507A 0 3300
Natural Ammonia 0 0
Refrigerants Propane 0 0
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Table 4 General data of ammonia compared with R22

Characteristics NH; R22
Chemical composition NH3 CHCIF»
Molecular Weight (kg/kmol) 17.03 86.48
Ozone depletion potential 0 0
Global warming potential(100 years) 0 1700
Normal boiling point at 1.013 bar (C) -33.3 -40.8
Critical pressure (bar) 113.3 49.9
Critical temperature (C) 132.3 96.2
Enthalpy of evaporation at 0°C (k]J/kg) 1261.7 204.9
Specific heat of sat. lig. at 0C (kJ/kgK) 4.62 1.17
Specific heat of sat. vap. at 0C (kJ/kgK) 2.66 0.74
Thermal conductivity of sat. lig. at 0C (W/m K) 0.520 0.096
Thermal conductivity of sat. vap. at 0C (W/m K) 0.022 0.010
Dynamic viscosity of sat. lig. at 0C (10-6Pa * s) 175.8 210.1
Dynamic viscosity of sat. vap. at 0C (10-6Pa - s) 9.09 11.8
Density of sat. liq. at 0C (kg/m°) 638.6 1281.8
Volume of sat. vap. at 0C (m’/kg) 0.289 0.047
Flammable or explosive? Yes No
Toxic/irritating decomposition No Yes
Approximate relative price 0.2 1
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———— Theoretical cycle
— Actual cycle

pressure drop

Pressure

(kPa)

Enthalpy(k]/ke) h

Fig. 1 P- }; Diagrams of the theoretical and actual refrigeration

cycles.
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Data acquisition &
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Fig. 2 Schematic diagrams of the experimental apparatus.




Photo. 1 Photograph of the experimental apparatus.
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Plate side

Flow
director

Shell side
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B side

Fig. 3 Details of flow direction in the Shell & Disk Type

heat exchanger.
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Table 5 Experimental condition.

Parameter

Experimental condition

Working fluid

NH3(R-717), R22

Charge Rate(kg) 85/ 35
Refrigerant
Condensing press.(bar) 15.0 ~ 16.0
Degree of Superheat(C) 0 ~ 10
Bath temp.(C) 28
Ambient temp.(C) 24
Chilled water flow rate(kg/h) 6800
Cooling & Chilled water Demineralized

Load (%)

73.0(NHs), 36.5(R22)
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Fig. 4 Mass flow rate of suction gas at various degree

of superheat and condensing pressure.
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Fig. 5 The relations of suction pressure and degree

of superheat at each condensing pressure.
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Fig. 6 The relations of cooling water mass flow rate and

degree of superheat at each condensing pressure.
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Fig 7 The relations of cooling water temperature difference and

degree of superheat at each condensing pressure.
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Fig. 8 Heat capacity of evaporator at various degree

of superheat and condensing pressure.
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Fig. 9 The relations of chilled water temperature difference and

degree of superheat at each condensing pressure.
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Fig. 10 The relations of evaporator heat capacity and degree of

superheat at each condensing pressure.
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Fig. 11 Power at various degree of superheat and

condensing pressure.
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