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Nomenclature

m, : Mass flow rate of motive (g/s)
m, : Mass flow rate of evaporator (g/s)
m, : Mass flow rate of ejector outlet (g/s)
w . Entrainment ratio(%)
P, . Pressure of ejector outlet(MPa)
P, . Pressure of evaporator(IMPa)
P, . Pressure of motive(MPa)
C, . Compression ratio(%)
E . Expansion ratio(%)
M, : Mach number of motive
M, : Mach number of suction chamber
N . Ratio between the local fluid velocity to the velocity of sound
M at critical condition(%)
= . Pressure of 2 point
~y . Isentropic expansion coefficient
m, . Nozzle efficiency (%)
Ny . Diffuser efficiency (%)
A . Area(m’)
T, : Torque(N-m)
ERS . Ejector Refrigeration System

VCS > Vapor Compression System
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SUMMARY

In this study, an analysis of a new form of refrigeration mechanism that
added a regenerator and an ejector to the current vapor compression
refrigeration system was undertaken as a new way of utilizing waste heat.
An ejector which 1s suitable for the heat recovery ejector refrigeration
system was developed in the performance factors analysis of the ejector
refrigeration system. And a study on the operation and performance
characteristics of the ejector refrigeration system was performed by applying
the designed ejector. As results, compressor capacity was found to be a
significant factor in the heat recovery ejector refrigeration system, and the
probability of enhancing the performance of the system was confirmed by
optimizing the compressor capacity and the size of the system’s ejector
nozzle.

In the study of the performance factor of the ejector refrigeration system,
the power consumption decreased as the pressure of the refrigerant
discharged to the ejector outlet was higher than the ejector mounted a
converging tee system. The COP of the system with the ejector installed
was 25% higher, and as the ejector was installed in the system, it was
found that it can help to improve the performance of the system.

An analysis on the ejector refrigeration system’s operation and
performance characteristics according to the temperature of the heat source
supplied to the regenerator found that the optimum temperature of the heat
source provided to the regenerator is 80 to 90°C. In optimizing the
refrigerant charge amount of the ejector refrigeration system, the refrigerant
supplied from the regenerator was charged to a gaseous state, the flow rate
of the refrigerant flowing through the ejector motif increased as the amount

of refrigerant increased, and as the flow rate of the refrigerant flowing to



the evaporator decreased, the COP was at most 1.1. In the case of charging
the refrigerant to a liquid state, the COP was at most 1.5. Based on the
results derived from the research on the ejector refrigeration system'’s
performance factors, a study was performed on the system’s operation and
performance characteristics according to the heat recovery ejector
refrigeration system’s operating environment.

According to the change of compressor capacity, the operation and
performance characteristics according to the ejector nozzle size applied to the
refrigeration system were analyzed. When the ejector nozzle size is smaller
than the system capacity, the temperature and pressure of the refrigerant
discharged due to a pressure drop in the nozzle were lower than the inlet
pressure of the evaporator. Among the ejector nozzle sizes, the refrigeration
capacity increase rate of the ejector with a nozzle size of 1.8 mm was the
highest, and the COP was the highest with nozzle size 3.6 mm.

Besides, when the system increasing the evaporator’'s capacity to utilize
the waste heat, the state of the refrigerant supplied to the regenerator was
in the form of liquid and gas. As results, in the regenerator system in
which the state of the refrigerant is supplied to a liquid state, the
temperature and pressure of the refrigerant discharged from the ejector
increase as the flow rate increases, When the state of the refrigerant
supplied from the heat recovery ejector refrigeration system to the
regenerator was liquid, it was found that the supplying system had a 26%
higher COP than the gaseous supply system.

Based on the results of the heat recovery ejector refrigeration system, the
system was applied to the refrigerated truck. The performance comparison
with the vapor compression refrigeration system has been conducted under

the same experimental conditions. The COP shows that 26% higher in the

heat recovery ejector refrigeration system than the vapor compression system.
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Fig. 1.2 Schematic view of petal nozzle(6-bed petal nozzle).

Fig. 1.3 Exit configurations of circular and petal nozzle.



. Condenser
Ejector
2 3
4
® 6
@
3 Evaporator
)
o 5
-2 Y Expansion
1 Valve
Pump

|

Gengfator

A
A’ldenser / /

\

2inssald

5 Evaporator

Specific Enthalpy >

Fig. 1.4 Schematic of ejector driven refrigerator and pressure—enthalpy.

Condenser
2
Compressor
3
~—1 6
N I I
9] MixingTube Diffuser
Entrainment Separator
Nozzle
6l
& 7 Expansion
Evaporator Valve

69

B

alnsseld

Specific Enthalpy >

Fig. 1.5 Schematic of two—phase ejector COZ2 refrigerant cycle and

pressure—enthalpy.

Me—> |
Mm-—pp» -
Me—p> |

Motive Nozzle

Mixing
Tube
I

Entrainment Diffuser

Nozzle

Fig. 1.6 Schematic of two—phase ejector.



Heat Source

L)
Motive Pump

Distributor Ejector
Condenser

5 4
Heat Sink

alnssald

>

%2

Specific Enthalpy

Fig. 1.7 Schematic of ejector-pump OTEC and pressure—enthalpy.

Condenser

essor

1st
Expansion
Valve

2nd Flash
Tank

1st Flash

2nd

Valve

Evaporator

alnssald

10 1

Specific Enthalpy

Fig. 1.8 Schematic diagram of ejector and vapor injection cycle and

pressure—enthalpy.



of wepA oA

3
=

glon, o] e el o

A
= T

A E

’

AL

3

A7 A&
o] XY= AL =]

i3

YA el

}

-3t

]
A

S0 el Aol ol AEE

T

R

3

o] A WA ol

o4 o] 4]

6;]:

Ho
B

:[L

bl ek

S

e

AlzEol A A s YEAs

=
=

At

|

1
e

Gay(1931)

olo

ol
B
50

—_
o

M 1RO A

714 EEE A4 (Liquid Phase)

il
B

]
ﬂu_-o
o)

~

o o)

AF

=9
A= =

9, o] 4

HA =l Al

S

)

0
i
ojn

N

Fdet [91.

)

= Az A

N ERER R

Al o] JhEfmeln o]

s

2k

Chen et al.(2015)2] <A--olA] A

KN
| .

Figure 1.10

=i
=

4]

b gEAtel 2o A4

FA [101.

d|

]

|7

S|
=

bol ol 4

A5l Apo]

Alz~"ol e = Fig. 1113 o] L=7]0 A

s

s

Xing et al.(2015)7} A|¢

o] A8



Az AgHE AERAS T A QR A gete] olAH Axw 4%

e

of MA= ATE AL, 7= T G5 9
Axt AEFAE RIAA WIS ALES 495 10%, R290 WS AHE3
= 7% AE° COP7} et RS skt [11].

Sun et al.(1995)2 oA EE WHFA = A&t ol AE BAA L B
A7 sl on, A AE¥ Alo]22 Fig. L12¢} #om, dv5 &
sto] o] AEE WAFAR ARl wel BFELS AL 5 U
web b7l dTel MY dEe BAstel dsiFeE 2 ds Aol
e AS wewAd (121

J. A Exposito Carrillo(2019)= CFDE o] &3te] W@z} Alo]&e] 93ty »d
= st ol AHE AASA AL, AAIE ol A AYE Fig.
AR o] AE Ale]F2 Fig. 1.13¥ #o] 371
Agate] AesATs 2 A duA AenEedd did A5 WdPste] 7S
7] G2 WEAtelZel Hs) A sATE 13%, AU A Aerl &2 23%°] A
sEI7E A+S AAEAT [13]

Chen Lin et al.(2019)= °] A WA xgle

oft

Al&=gI s S WA
73

o

o

1-11
AQ
o,
i
a
o,
offt
>
[
jatit)

Julel S e gEE @ 5 Aws ok o W

of dHrl FAsE Wule Gk A dHz Bl & At TEE
stk Fuk 02 ohe Wl weslsk AAE ol AE WEAsde A

+ Fig. 1.16% #Zom AL&H A&FA+= R-290 WrlE AH&-stdoh



4744 el W wel7lE AAste] Zzbe] AdE g A} ol
wol Abde Ao W 27 YEsHoel b FA dEhgen, ek
-30C =AM S7] 452 WYEAo|F R COP 45&0] 167%=2 e
ch [14].

-
c
(@)
Q
wn
(@}
@
o,
(%)
(@)
[y
)
r
@)
@)
N\
il
o,
&
o,
o
(%)
v,
=
)
wn
o
o,
2
v
o
offl
>,
[
faiit)
o
@
oy
)

TE 3= A& AgskAnt [15]

Li and Groll(2005) %3+ CO2 AtelEell A o] AE & WA= o] &3S o
AbolE A g dis] @98t 2AS s Ay olAEHE A8 AS
ol 7]& AbolE diH] 16%°] Adseol &ddS AAstAt [16].

Ersoy and Sag(2014)+= R134aE ©]l&3te] 7|& W& Al&=gly Fdsk 219
A ol AHE A& Ws Aladle] A F A SFSTlol A AHH

)
= AHE 14-17% AE Z2skslal, ol A& o]y W Al=de] COP=

Ol

A A

ftlo

5]
=

.

6.2-145% Ax FdHS Sdstdnt [17].

Sarker(2010)+= R Y oHR717), ZEZFH(R290) 2 o] AFE(R600a) 22> A
AW E o]&ste] oAy WAL AAYrjel wE de5Agd da <
detdor M-S At 2 A olaREE o] &7 olAYH YEAxH
= 216% Ao WEla, e Ryl 47 17.9%, 11.9%9

s FHe NHLE A

As Flstsin (18]

TE ARAL YHE ol §dte] ol AE YEBALg HgitE ATE F9
sgov, o AHE H§H YEALWY FERAT TE ARALY Y

o] &% ol AY WErle A7 dF 2 AAE Table 1.1 A8k [20].



Condenser

Ejector

Evaporator
Generator/ _
Solar Collector Expansion
Valve

i%

Fig. 1.9 Schematic of heat source driven refrigeration system using

ejector.
O
Pump
Ejector
—
o
. Condenser
Expansion
Valve 6
Compressor
Evaporator

Fig. 1.10 Schematic of Chen’s ejector refrigerant cycle.



Condenser

O%
. Pump Ejector
Expansion
Valve-1
e Compressoer
C <
Expansion

Valve-2 Evaporator

Fig. 1.11. Schematic of Xing's ejector refrigerant cycle.

Condenser Compressor
Ejector

Separator

ol

Expansion
Evaporator Valve

Fig. 1.12 Schematic of ejector expansion system.



221.82 l 41.39 ! 52.001 \

(a) Diagram of ejector.

Generator

8Inssald
N
W
3

Condenser 5

]F Expansion
Valve Compressor

\

Specific Enthalpy

5
Evaporator

(b) Ejector compression cycle and pressure—enthalpy.

Generator

alnssald

Condenser

Compressor

\{ Expansion
Valve

Specific Enthalpy

D 1s
Evaporator

(c) Ejector booster compression cycle and pressure-enthalpy.

) e

Condenser o A = //,15,72

Compressor

aInssald

{ Expansion
Valve Evaporator

Specific Enthalpy

(c) Thermally driven sub-cooling cycle and pressure-enthalpy.

Fig. 1.13 Schematic of ejector base geometry and system.

\J



Gas Outlet

nlef _ (DT %J IEutlei
Inie\

!

wn
CDSI

oB

Liquid Outlet Liquid Outlet

. : (b) 45° Inflow refrigerant
(a) Basic type of refrigerant

separator
separator.
Gas Qutlet Gas Qutlet
Inlek_gé%”g_ Iﬂieh | lﬁ
LqUJdQ / Liquid Qutlet
(c) Refrigerant separator with (d) Refrigerant separator with
baffle installed pipe inserted

Fig. 1.14 Schematic diagram of refrigerant separator.



Evaporator Evaporator
Vg —
x Capillary
Compressor@ Ejector Separator
Condenser Condenser  Compressor

(a) Basic cycle test bed

(b) Ejector cycle test bed

Fig. 1.15 Schematic diagram of test beds.



Table 1.1 Summary of literature studies on ejector design and performance.
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Fig. 2.1 Variation in vapor pressure and velocity as a function of
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Table 2.1 Ejector efficiencies used in literature.

Reference U Ma U
35 0.9 0.75 -
36 - 0.8 0.8
37 0.85 0.85 -
38 0.7~1 0.7~1 -
39 0.8~1 0.8~1 -
40 0.85~0.98 0.65~0.85 -
41 0.85 0.85 0.95
42 0.75 0.9 -

Table 2.2 The constant number used in the correlations.

Constant Entrainment ratio Entrainment ratio correlation
number correlation choked flow non-choked flow

a 0.65 —1.89<107°

b -1.54 -5.32

c 1.72 5.04

d 6.79 <10 ° 9.05x10"*

e 22.82 22.09

f 4.21<107* -6.13

g 1.34 0.82

h 9.32 —3.37x107°

i 1.28 <107 " -

] 1.14 -

R? 0.85 0.79




Table 2.3 Ejector design specification.

Parameters Motive Suction Discharge
Flow rate(kg/h) 117.0 39 181.4
Pressure(Mpa) 2.12 0.35 1.68
Temperature(C) 70 -5 51.25
Density (kg/m’) 97 1100
Viscosity(cP) 0.0143 0.0125
Working fluid R-134a

Table 2.4 Geometric parameter of the ejector.

L

La

Lb

Lc

Ld

\ |
Parameters Ejector 1.8 Ejector 3.6 Ejector 5.4
L(mm) 249 335
La(mm) 110 120
Lb(mm) 140 215
Le(mm) 49
Ld(mm) 49
H(mm) 110 120




Table 2.5 Geometric parameter of the diffuser.

s
AN I -
i TE— N S
t |
la | | b | Lc .
D
Parameters Ejector 1.8 Ejector 3.6 Ejector 54
L(mm) 71 136
La(mm) 5.7 40.1
Lb(mm) 12.2 30.5
Lc(mm) 53.1 65.4
®Di(mm) 4 11.7
®Da(mm) 3.5 8.2
®Do(mm) 10 16.2
D(®) 3.5




Table 2.6 Geometric parameter of the ejector nozzle.

=
(Y
=
._l I A
™ ™~
= = —_—
v |
L
Parameters Ejector 1.8 Ejector 3.6 Ejector 54
L(mm) 22 17 18.3
La(mm) 14.7 99 7.6
Lb(mm) 1.6 1.4 2.1
Lc(mm) 5.7 5.7 8.6
®Z(mm) 21.3 21.3 21.3
®Zi(mm) 7 8.9 95
®Zn(mm) 1.8 3.6 5.4
®Zo(mm) 2.8 4.6 6.9
I(°) 10 15
O(°) 5




(a) Ejector nozzle size(mm) : 1.0  (b) Ejector nozzle size(mm) : 1.8

Diffuser Motive

Mixing Chamber

(¢ Ejector nozzle size(mm) : 3.6  (d) Ejector nozzle size(mm) : 5.4

Fig. 2.2 Photograph of ejector.
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Mass Flow Meter

(refrigrtant)

(refrigerant)

Mass Flow Meter

Metering Valve

Fig. 2.3 Schematic diagram of ejector refrigeration system.

Table 2.7 Specifications of ejector refrigeration system.

Compressor(W)
Evaporator(kW)
Condenser(kW)

Expansion valve type

(Generator
(Waste heat temperature) (kW)

Receiver tank(Liter)
Refrigeration

Ejector nozzle size(mm)

224
1.93
12.25

Manual
11.6(807C)

2.85
R-134a
3.6




Table 2.8 Test conditions of ejector refrigeration system.

Ejector nozzle Motive Cooling Evaporator inlet
size refrigerant water temp. temperature
(mm) state (C) (C)

5
7
Liquid
- (3,400g) 5
; g 15
20
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Pump
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Pump

Mass Flow Meter
(refrigrtant)

00

Mass Flow Meter
(refrigerant)

Metering Valve

Fig. 2.4 Schematic diagram of comparison system of ejector and

Converging Tee.

Table 2.9 Test conditions of ejector and Converging Tee.

Ejector Motive Evaporator Cooling
. . inlet water temp.

Cycle nozzle size | refrigerant temperature (C)
(mm) state (C)
Converging Tee 5)

Eme 127

system 10

Liquid 35
Ejector refrigerant - 15
system ' 20
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(refrigerant)

Fig. 2.5 Schematic diagram of an ejector refrigeration system for

the refrigerant charge amount.
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Fig. 2.6 Schematic diagram for optimizing generator heat source

temperature system.
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pressure according to evaporator inlet temperature.
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and ejector motive flow rate.
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Fig. 2.11 Variation of generator capacity and COP according to

evaporator inlet temperature.
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Fig. 2.12 Variation of discharge temperature and discharge pressure in

an ejector and Converging Tee.
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Fig. 2.13 Variation of power consumption and COP in an ejector

refrigeration system and Converging Tee.
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Fig. 3.2 Schematic diagram of an experimental device for changing

Pump

compressor capacity.
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Refrigerant Pressure

Flow meter Tank Sensor

Compressor Condenser

Fig. 3.3 Picture of experimental device for changing compressor
capacity.

Table 3.1 Specifications of experimental device for changing

compressor capacity.

Compressor(W)
Evaporator(kW)
Condenser(kW)

Expansion valve type
Generator
(Waste heat temperature)(kW)

Refrigeration

Ejector nozzle size(mm)

746
1.93
12.25

Manual
11.6(807C)

R-134a
1.0, 1.8, 3.6, 54




Table 3.2 Test conditions for experimental device for changing compressor

capacity.
Ejector Evﬁﬁ?é?tor &g?gr Motive Coo%[inrg Heft
nozzle size refrigerant wate source
(mm) temperature temp. state temp. temp.
() () (C) (C)
5 10
10 1
1.0 0
15 20
20 25
5 10
10 15
1.8
15 20
20 25 Liquid
iqui - -
5 10 (2,200g)
10 15
3.6
15 20
20 25
5 10
10 1
54 0
15 20
20 25
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—® N =9
Heater Evaporator Chiller 3 a3
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= %} (6kW) Receiver :8
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Mass Flow Meter
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Mass Flow Meter Metering Valve
(refrigerant)

Fig. 3.4 Schematic diagram of a system that supplies liquid refrigerant

to the generator.

Expansion e Mass Flow P
Meter

Refrigerant Pressure
Flow meter J Compressor Condenser
Tank Sensor

Fig. 3.5 Picture of a system that supplies liquid refrigerant to the

generator.



Table 3.3 Specifications for the system supply of liquid refrigerant to

the generator.

Compressor(W) 746
Evaporator(kW) 3.86
Condenser(kW) 4.55
Expansion valve type Manual
Generator
(Waste heat temperature)(kKkW) 1L660C)
Refrigeration R-134a
Ejector nozzle size(mm) 1.8, 3.6, 5.4




Table. 3.4 Test conditions for the system supplies liquid refrigerant to

the generator.

Ejector
nozzle
size
(mm)

Evaporator
inlet

temp@rature
(C)

Load
water

temp.
(C)

Flow
rate
ratio

(%)

Motive
refrigerant
state

Cooling
water

temp.
()

Heat
source

temp.
(C)

1.8

10

10

20

30

10

15

10

20

30

15

20

10

20

30

20

25

10

20

30

3.6

10

10

20

30

10

15

10

20

30

15

20

10

20

30

20

25

10

20

30

0.4

10

10

20

30

10

15

10

20

30

15

20

10

20

30

20

25

10

20

30

Liquid
(3,000g)

35

30
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Fig. 3.6 Schematic diagram of system that supplies vapor refrigerant to

the generator.

110

300

To evaporator

From condenser

To generator

2110

300

To generator

From condenser

To evaporator

Fig. 3.7 Schematic diagram of receiver tank and refrigerant flow

chart.



Table 3.5 Test conditions for the system supplies vapor refrigerant to

the generator.

Ejector | Evaporator Load Flow Motive Cooling Heat
nozzle inlet water rate water source

size temperature | temp. ratio refrslé?lléant temp. temp.
(mm) (C) (C) (%) () (C)

10
5) 10 20
30
10
10 15 20
30
10
15 20 20
30
10
20 25 20
30

1.8

10
5) 10 20
30
10

10 15 20

30 Vapor
3.6 35 80
10 (1,500g)

15 20 20
30
10
20 25 20
30

10
5) 10 20
30
10
10 15 20
30
10
15 20 20
30
10
20 25 20
30

0.4
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Table 3.6 Specifications of measurement device.

Sensor Specification
Type T-type
Temperature Rang -200~4007C
Accuracy £2%FS
Range 0~3.5Mpa
Pressure }
Accuracy £0.13% of reading
Fluid Refrigerant
Refrigerant mass Nominal flow rate 50kg/min
flow rate
Accuracy £0.02%FS
" Fluid Refrigerant
Refrigerant mass Nominal flow rate 50kg/min
flow rate
Accuracy £0.014%FS
Range 3~25LPM
Water flow rate
Accuracy £1%FS
Range 100 ~2,000W
Watt transducer -
Accuracy £0.13% of reading




System temperature and pressure measurement(Refrigerant)

Receiver ] )
Cond. TPanik Generator|Ejector| Ejector | Eva. Eva. Comp.
an
outlet inlet |motive|discharge| inlet outlet inlet
outlet

T-type thermocouple

Data acquisition system(MX-100)

Personal computer

Fig. 3.8 Data aquisition of the refrigerant side temperature and pressure.

System temperature measurement(Water)

Generator

inlet

Generator

outlet

Evaporator

inlet

Evaporator

outlet

Condenser

inlet

Condenser

outlet

T-type thermocouple

Data acquisition system(MX-100)

Personal computer

Fig. 3.9 Data aquisition of the water side temperature.



System stream flow

System power consumption

Refrigerant| Generator| Water
) ) i Compressor
side side side
I I
Mass flow Mass flow o
Data acquisition system
meter meter
. (Watt transducer)
(Refrigerant) (Water)

Data acquisition system (IMX-100)

Personal computer

Fig. 3.10 Power and mass flow rate measurement.
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Fig. 4.1 Variation of condenser temperature and generator inlet

temperature by an ejector.
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Fig. 4.2 Variation of ejector motive temperature and flow rate by

ejector.

Generator inlet temperature(°C)

Ejector motive flow rate(g/sec)



50 T v T v T T 50
—m— Nozzle size: 1.0mm —O— Nozzle size: 1.0mm

6 F —®— Nozzle size: 1.8mm —O— Nozzle size: 1.8mm —_
< 40 Nozzle size: 3.6mm —A— Nozzle size: 3.6mm 40 §->
E - —w— Nozzle size: 5.4mm —~/— Nozzle size: 5.4mm v T \g
]

: _—
£ 30t — 130 £
)

Sb / =
g v — e 2 =
% 20 | [ ) 5 - 20 :
he)

= /& A g
8 / &
3 10} /é {10

&
0 1 L 0

5 10 15
Evaporator inlet temperature(°C)

20

Fig. 4.3 Variation of ejector discharge temperature and flow rate by an

ejector.
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Fig. 4.4 Variation of Compressor inlet temperature and evaporator inlet

temperature by an ejector.
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Fig. 4.9 Variation of refrigerant flow rate of ejector motive and

evaporator by an ejector.
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Fig. 4.10 Variation of cooling capacity by an ejector.
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Fig. 4.12 Variation of COP by an ejector.
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Fig. 4.24 Variation of evaporator refrigerant flow rate according to an

ejector and flow rate ratio.
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Fig. 4.25 Variation of motive refrigerant flow rate according to an

ejector and flow rate ratio.
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Fig. 4.26 Variation of generator capacity according to an ejector and

flow rate ratio.
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Fig. 4.28 Variation of compressor power consumption according to an

ejector and flow rate ratio.
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Fig. 4.29 Variation of COP according to an ejector and flow rate ratio.
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Fig. 4.30 The error rate of the flow rate ratio with operating conditions

and the experimental device.
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Fig. 4.32 Variation of motive temperature according to an ejector and

flow rate ratio.
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Fig. 4.33 Variation of ejector discharge temperature according to an

ejector and flow rate ratio.
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Fig. 4.35 Variation of motive refrigerant flow rate according to an

ejector and flow rate ratio.
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Fig. 4.36 Variation of generator capacity according to an ejector and

flow rate ratio.
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Fig. 4.38 Variation of compressor power consumption according to an

ejector and flow rate ratio.
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Fig. 5.1 Schematic diagram of the heat recovery ejector refrigeration
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Fig. 5.2 Photo of the heat recovery ejector refrigeration system for

refrigerated truck.
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Table 5.1 Heat recovery ejector refrigeration system specifications

for refrigerated truck.

Type Swash plate
Compressor | No. of Cylinder 6 Cylinder
Displacement 14'7cc
Coil Aluminum. fin & Copper tube
Evaporator Size(mm) 1040669168
Fan motor DC 12V*3Amp, 2350rpm=*2EA
Fan AL.2500, 5Blades*2EA
Coil Aluminum. fin & Copper tube
Condenser Size(mm) 1090%470%258
Fan motor DC 12V*3.5Amp, 2350rpm*2EA
Fan AL.2500, 5Blades*2EA
Expansion valve type Manual
(Waste heacie?eer;%(e);ature)(kW) 1.04(85C)
Refrigeration tank(Liter) 1.0
Refrigeration R-404A
Ejector nozzle size(mm) 5.4
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Qe = ml€f x (h’eva,out _heva,in) ( 571 )
= Refrigerant flowrate X (Fva outlet enthalpy— Eva inlet enthalpy)

2) #4571 2859H(P)

P( W) = Torque Tr X RPM/9.5488 ...................................................... ( 572 )

3) W¥EAelE A5 Al (COP)

Q,

OO P = —— ee e ( 5-3 )
Q(x)fmp

4) YA 2" 28 FdE(n)

77(%) _ FEjectorre frigerant system — Vaporcompression system %100 - ( 5-4 )

Vapor compression system
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Table. 5.2 Heat recovery ejector refrigeration system specifications for

refrigerated truck.

Ejector Motive Indoor temp. Outdoor
Cycle nozzle size | refrigerant () temp.(C)
(mm) state
Vapor compressor
system
0 30
Heat recovery
ejector refrigerant 54 Liquid
system
@7
, Ta,d3 e
® 7y ® 7y Ti7e
‘T/{g / Ok
/ o T12 . I
Ti4 Ta,02
®T11 Tig®
T
.TlS
y ®T11 ® 113 Ti®
0 , -
Tid
T11
eT12 ® T15 Ti
Ta, 04
o

Fig. 5.3 Refrigerated truck’s internal and external temperature

measurement locations.
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Table 5.3 Specifications of measurement device.

Sensor Specifications

Type T-type
Temperature Rang -200~400C

Accuracy 2%

Range 0.4~2Mpa
Pressure

Accuracy +0.25%

Standard uncertainty +0.044%
Refrigerant mass Fluid Refrigerant
flow rate Maximum Flow Rate 2,720Liter/h

Accuracy +0.5%(Liquid)

Range 0~6000 (50 N*m)
Torque meter

Accuracy +0.2%

Range 1 to 20,000RPM/min
R.P.M. sensor

Accuracy £0.02%
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Fig. 5.4 Variation of temperature of refrigerated truck’s inside and

outside according to operating time of the heat recovery

ejector refrigeration system and vapor compression system.
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Fig. 5.5 Variation of evaporator refrigerant flow rate and motive

refrigerant flow rate ratio according to operating time of
the heat recovery ejector refrigeration system and vapor

compression system.
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Fig. 5.6 Variation of compressor suction according to operating time of
the heat recovery ejector refrigeration system and vapor

compression system.
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Fig. 5.8 Variation of COP according to operating time of the heat
recovery ejector refrigeration system and vapor

compression system.
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