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Comparison of Cooling Performance in the Heat Pump applied
Various Expansion Valves

Sung-Hyeon Park

Department of Refrigeration and Air-conditioning Engineering
The Graduate School, Pukyong National University

Abstract
A heat pump is a device that can operates cooling or heating using
four-way valve which can changes the flow direction of refrigerant. Heat
pump is a high efficiency, eco-friendly device which consumes less energy
and supply lots of energy for heat formation. In addition, it is a single
device that has low generation effect about carbon dioxide. These heat
pumps can be classified by heat sources. It is divided into air—to-air,
air-to-water, water-to-air, and water-to-water heat pump depending on the
type of external(secondary) fluid. Particularly, water-to-water heat pump such
as geothermal source heat pump are good in terms of stability and
efficiency of heat source, and therefore research is being actively conducted.
Recently, in order to increase the efficiency of heat pump, there is tendency
to use electronic expansion valves having a high response speed to the
pressure and temperature changes of refrigerant. Although there are many
researches related to electronic expansion valves and heat pumps, detailed
cause analysis of each effect is lacking, and there are few studies about the

performance characteristics of heat pumps according to types of expansion



valve. Therefore, this paper presents the detailed cause analysis of each
influence and compares the cooling performance of heat pump according to
types of expansion valve. The experimental results are as following : As the
frequency of the inverter connected to compressor decreases, COP increases
regardless of expansion valve types. As a result, energy can be saved by
operating inverter with a low frequency at the time of partial load. When
inlet temperature of the evaporator increases, in case of using thermostatic
expansion valve, evaporation pressure, cooling capacity and COP decreases
than electronic expansion valve. This result shows that the performance
improvement using thermostatic expansion valve can be higher when user
controls spring pressure directly, according to severe load variation. The
COP increases as inlet temperature of chilled water into evaporator increases
and inlet temperature of cooling water into condenser decreases. This result
shows that when obtaining cold water from the heat pump, it is better to
decrease inlet temperature of cooling water into condenser, and when
obtaining the hot water, it is better to increase inlet temperature of chilled
water into evaporator. The performance of the electronic expansion valve is
much the same under various conditions even the difference of capacity.
However, in case of thermostatic expansion valve, the performance decreases

comparing with electronic expansion valve when the load is largely changed.
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NOMENCLATURE

SYMBOLS
T Temperature °C
P Pressure bar
Q Cooling capacity kw
C, Specific heat kd/kg-°C
W Compressor power consumption kw
COP Coefficient of performance
f Frequency Hz
G flow rate kg/h
m Mass flow rate kg/h
SUBSCRIPTS
e Evaporator
C Condenser
\ Water
com Compressor
in Inlet
out Outlet
sub Subcooling
sup Superheating

r Refrigerant

- Vil -



A1 A&

A A2

L1 4+ WA

&lo] A}

= A3t

Fol Bo @2 odUuAE 49 I

£ o]&3s

FEAIA

o
IR

-
-

H]

E 3
— X1

o

2
o}
o

<

= olaral

717 &2

o

A7F w37} w2 A Aeo)r) 12

=1
ST

w2 £

B

o

o7

o
B

J)
H]
gt

o

H]

‘“nx_wo

K
o
Gyl
ToH

B/

3
o

il g v

171 139

=0
3L

5

Axpa BFURE wol

=
| BN

7}

g3ta Q= FA0I

s 7S ), 7IEY] AA ARREs R | 754

E 3 1
—_— d —

o

| @ FGol7] witel F7HA <l nupolsf A wje] A zfo] A

o

i fat
._O_

17 Ak o
b e A

S

o] &0l

© 3
—_— a —

3

1o}, o= <ld

&

7F HEEAl EQ

=]

Q=

7]
=<

Wn g

A=

]
=

RN E PN E

b 918

RSk

=
=



A ME

A, o] HAMHE = Fig. 113 o] ) 4l A5 F(Power signla part),
2 El T E|(Step motor), 7+<57](Decelerator), AF3Z E(Shaft), #| = (Check), <
2] 9] 2~ (Orifice) 2 ™, I Aedys dd 2 AsHoN I Al

ol ARIRE oA duk2 3dztow 3|dstA Hw FHE7]eA

I-Oll
lil

N

F&sto] AFZEQ =S B AAF A Ha AFZE sldkel 9 gy A

AR A Z7) S0l Ak ool we AAA AR E 2717 2]

10

5 27 Atk 21 W8 gen g

Power
Signal part

Step motor

Decelerator

Orifice |

Fig. 1.1 Orifice replacement electronic expansion valve



A1 M=

A, 225 mEel o8] AZES =do] Sebbd Quluag FEA
o] wEel AaE del gor BPAL e Yo o] FRE 5
Fig. 1291 2ol vhols|zshl frh B4, Agweld] s AmEe =
gol Welew o¥uAR FEA Hn A: BeA wrk ol me
AFEES] SheEel @ss e Alole] Bol 4713 o & Fd w

3ol dojt Fig. 1.33} o] HFWH O V)5S s Hr,

-
L]

«!’

L
>
» -

-
W~
- e
=

Fig. 1.2 Function of by-pass

Fig. 1.3 Function of expansion valve



A1 M=

4-ways valve

[/

S5 b
Evaporator ] 7
(Indoor unit)

cvi cvz2

Compressor

' Condenser
{Outdoor unit)

(a) Cooling mode

4-ways valve

Condenser

Evaporator
(Indoor unit)

(Outdoor unit)

Cvi Ccv?2

(b) Heating mode

Fig. 1.4 Schematic diagram of heat pump applied conventional
electronic expansion valve
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4-ways valve
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(a) Cooling mode

4-ways valve

" Condenser & ' ( Evaporator -
{(Indoor unit) OEEV1 0O.EEV2 (Outdoor unit)

(b) Heating mode

Fig. 1.5 Schematic diagram of heat pump applied orifice replacement
electronic expansion valve
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4-ways valve

E Compressor
Condenser

(DO.E.E.V 2 (Outdoor unit)
Receiver tank
v

Evaporator
{Indoor unit) O.E.EV 1

Mass flow meter

Sight glass

(a) Cooling mode

4-ways valve

—

Condenser Y " = . Evaporator
(Indoor unit) 2 (Outdoor unit)
Receiver tank

Mass flow meter

Sight glass

{ =) { =T}

Sv2 Sv3
(b) Heating mode

Fig. 1.6 Final schematic diagram of heat pump applied orifice

replacement electronic expansion valve
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Evaporator
7(Outdoor ::_n_ mn P
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Water —
pump 2 = Water

Y

SV : Solenoid valve

CP: n_._mﬂm_:.m port Flow meter Filter drier
E.V : expansion valve

S.V cV
C.V : Check valve Si m_.\._..hm,_mmm _
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||— . . —
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M DR
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: 4-way
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. D
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=J Water
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Fig. 2.1 Schematic diagram of experimental apparatus (Heating mode)
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Table 2.1 Specification of compressor

Compressor
Manufacturer Emerson Copeland Scroll
Model ZP50K3E-TFD-522
Type Scroll compressor
Available
] Only R410A
Refrigerants
rated power (kW) 2.5kW
R410A - ZPS50K3E-TFD
Cond. 1
Temp. =20 =15 =10 -5 0 5| 7 10 12_5|
25| 5.97 7.3 8.85] 10.65 12.73 15.1 16.14 17.8] 19.28
3(1! 563 [=R=] 8.37 10.08 12.03 14.27 15.24 16.8 18.19)
35| 5.27 8.5 7.91 53 11.37 13.48 4.4 15.87 17.18
Caf\il.c“y 40 4._86 6.05 741 .96 10.72 12.71 13.58 14 .96 16.19
45/ 5.54 6.86 .34 10.02 11.91 12.74 14.04 15.2]
s} 86.21 .85 .25 11.05] 11.83 13.07] 14.17
5 5.83 37] 100 10.84 12.01 13.05|
&0 .34 8.9 9.69 0.8 11.79)
5 7.6 834] 9.38] 103
Cond. 1
Temp. -20 =15 =10 -5 0 ] 7 10 12.5|
25| 1.99 07 1.94 1.9 1.8E 1.8 1.78 78 74
30 2.28 2.27 2.24 2.2 2.1 2.15 2.14 2.14 2.14
Power 35 2.61 2.59 2.56 2.5 2. 2.49 2.48 2.49 2.49)
Input 40 3.02 2.98 2.93 2.8 2.8 283 2.83 2.83 2.84
kW 45| 3.45 3.37 3.3 3.24 3.21 3.2 3.2 3.21'
50 3.91 3.8 3.7 3.6 3.64 3.83 3.63
55| 4.42 4.2 E 4.16 4,13 4,12
S0 E 4.8 4 4.74 4.7
65 5. 557] 6548] &4z
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Table 2.2 Specification of condenser and evaporator

Condenser and Evaporator
An—
0
Manufacturer Swep G @
' SUEP
Model B25TH
Type Plate
Capacity (kW) 19.30
o @
o s
B orRoAe BAune SR ne ez W 4% 54

& stelshy] 918l a7bA BFWEZ AHgST obdle] Table 238
ofe] WAWB L] Abpat ALS LhEhuT
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Table 2.3 Specification of variable expansion valves

Expansion valve A

Manufacturer Dotech

Model DPF(0)-3.2C

Type Electronic expansion valve
Capacity (kW) 17.58 (5USRT)

Expansion valve B

Manufacturer Dotech

Model DPF(0)=5.2C

Type Electronic expansion valve
Capacity (kW) 28.1 (B8USRT)

Expansion valve C

Manufacturer Danfoss
Model 068U1714
Orifice replacement thermostatic
Type -
expansion valve
Capacity (kW) 18
Expansion valve D
Manufacturer (F)71sH8d
Orifice replacement electronic
Type

expansion valve

_’]4_
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Table 2.4 Specification of 4-way valve

4-way valve
Manufacturer Saginomiya
Model STF-0401G
Discharge
e 1/2
Tube ("
i Suction
size § 3/4
()
Cooling Heating

o 4 '

‘ 1 : Compressor discharge
2 ’jjﬂl
E] s ‘H]I

mOowo

: Compressor suction |/J =Tl
: Condenser inlet | :
: Evaporator oulet ’_‘

c[s 1 E I

Fig. 2.4 Refrigerant flow diagram of 4-way valve
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Table 2.5 Specification of additional equipment

Receiver tank

Manufacturer Kyungan thermotec
Model EVCI10B-00
Capacity (kW) 7.1L
Available R12, R134a, R22, R404A, R407C,
refrigerants R410A, R500, R502, R507
Solenoid valve
Manufacturer Danfoss
Model 018F7301
Tube Inlet(' ') 1/2
size Outlet(") 1/2
Check wvalve
Manufacturer Danfoss
Model NRVH-12s
Tube Inlet(' ') 1/2
size | Outlet(") 1/2
Sight glass
Manufacturer Danfoss
Model SGN-12s
Tube Inlet('") 1/2
size | Outlet(") 1/2

_’|7_
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Filter drier

Manufacturer Danfoss
Model DML-084
Tube Inlet("") 1/2
size Outlet(") 1/2
Water pump
Manufacturer Wilo
Model PU-S600M
Power 220V (400W)
Rate flow rate ;
160L/min
(Max)

2.1.4 A17] L AF717]

Table 2.6 Specification of and controller and measurement equipment

Electronic expansion valve controller with accessary

Manufacturer

Dotech

Model

EVC10B-00

Rated power

Max 4W at 24V dc

Model DPR-TH1-ST-XHP (NTC 5K{2)
Range -50 ~ 50°C
Accuracy + 0.3°C
Accessary
Model DP512-G7-XHP
Range -1 ~ 15 bar
Accuracy + 1.0%

_18_
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Power meter

Manufacturer Yokogawa
Model WT 230
Voltage 15 ~ 600V
Range
Current 0.5A ~ 20A
Accuracy + 0.1%

Water mass flow meter

Manufacturer Corea flow -y
Model TBN-II-AD
Range 600L/h ~ 6000L/h
Accuracy + 0.5%

Inverter (connected with compressor)

Manufacturer LSIS
Model SV037IG5A-4
Current(380V) (A) 9.0
Capacity (kW) 3.7

Constant temperature bath 1

Manufacturer P.K. tec -
Power 3phase, 380V Mopey
Capacity (kW) 11.58kW

_‘]9_
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2
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Constant temperature bath 2

Manufacturer

P.K. tec

Power

3phase, 380V

Capacity (kW)

11.58kW

absolute pressure sensor

H

\EHHTH

Manufacturer Flow & Sensor
Type din
connecting size (') 1/8 PT

Range 0 ~ 50 bar (OV ~ 5V)
Accuracy + 0.25%
absolute pressure sensor
Manufacturer Daeyoung sensor
Type T
Range -270°C ~ 400°C
Size 1.6 x 10cm
Accuracy + 0.3% (-20°C ~ 150°C)
Multi-channel recorder
Manufacturer Yokogawa
Model Dr-230
Maximum input 60
channels
Accuracy + 0.05%
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Table 2.7 Installation pictures according to expansion valve

Expansion valve A Expansion valve B

Expansion valve D

— F
| =

Fig. 2.5 Photo of experimental apparatus
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Table 2.8 Experimental conditions

Parameter Value Unit

Inlet temperature of chilled
) 7, 12%, 17 T

water into evaporator : T, i,
Inlet temperature of cooling .
water into condenser : T_ i 25, 30%, 35 C
Chilled water flow rate in
evaporator : G, 2,000+ ke/h
Cooling water flow rate in

) 2,000 kg/h
condenser : G
inverter frequency : f 40, 50, 60%* Hz
Superheating degree : T | 6% C
Subcooling degree : T, 1.5+ T
Refrigerant R410A* -
Expansion valve A, B, C -

* Standard condition
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* Confidence level :

95% (k=1.96)"?
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A2 A AA 2 gy
2 zdelA AgdelHd ESEE Moffato]  Algker 410
11 =) =
Padmanabhan®] oAM= Eal| Asbate] Table 2.9¢1 eI
Table 2.9 Parameters and estimated uncertainties
Average Systematic Random Total uncertainty
Parameter ) . .
value uncertainty | uncertainty | uncertainty (%)
Evaporating pressure,
8.481 0.021 0.002 0.022 0.254
P, [bar]
Condensing perssure, P
[bar] N 23.440 0.059 0.007 0.060 0.257
m, [kg/min] 4.696 0.023 0.001 0.024 0.503
Inlet temperature of
chilled water into 11.883 0.036 0.017 0.048 0.407
evaporator, T, . ['C]
Outlet temperature of
chilled water in 6.574 0.020 0.001 0.020 0.301
evaporator, T, . ... ['C]
Chilled water flow rate
in evaporator : G, 2002.930 10.015 0.198 10.022 0.500
[kg/h]
Compressor power,
W kW] 3.613 0.004 0.001 0.004 0.112
Cooling capacity, Q. 12.560 0.113 0.039 0.137 1.088
(kW]
COP [-] 3.476 0.032 0.011 0.038 1.094
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Table 3.1 Experimental conditions for investigating performance
characteristics of heat pump according to inverter frequency

Parameter Value Unit

Inlet temperature of chilled
. i 2 C

water into evaporator : T, 1
Inlet temperature of cooling 30 .
water into condenser @ T, i, C
Chilled water flow rate in
evaporator : G, 2,000 kg/h
Cooling water flow rate in

) 2,000 kg/h
condenser : G
Inverter frequency : f 40, 50, 60 Hz
Superheating degree @ T, 6 C
Subcooling degree : T, 1.5 C
Refrigerant R410A -
Expansion valve A, B, C -
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Condensing pressure, P, [bar]

Fig.

Evaporating pressure, P [bar]

Fig.

24.0

23.5

23.0

22.5

22.0

3.1  Condensing pressure of each

10.5

10.0

95

9.0

8.5

8.0

3.2 Evaporating pressure of each

= . . 0

Inlet temperature of chilled water into evaporator: 12°C * EE.V (5USRT)
Inlet temperature of cooling water into condenser : 30°C| . 5. EEgV (8USRT)
Chilled water flow rate in evaporator : 2000 kg/h —-¥— TEV(5USRT)
Cooling water filow rate in condenser : 2000 kg/h
| Superheating degree : 6°C L2

Subcooling degree : 1.5°C

Refrigerant : R410A

1 'l 1
40Hz 50Hz 60Hz

Inverter frequency [Hz]

according to inverter frequency

expansion valve

Chilled water flow rate in evaporator : 2000 kg/h
| Cooling water flow rate in condenser : 2000 kg/h
Superheating degree : 6°C

Subcooling degree : 1.5°C

Refrigerant : R410A

Inlet temperature of chilled water into evaporator : 12°C
Inlet temperature of cooling water into condenser : 30°C

—e— EEV(S5USRT)
o EEV(8USRT)
—w— TEV(5USRT)

40Hz 50Hz

Inverter frequency [Hz]

according to inverter frequency

_28_
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Refrigerant mass flow rate, m. [kg/min]

Fig. 3.3 Refrigerant mass flow rate of each expansion valve

Compressor power, W, [KW]

Fig.

55

50

45

4.0

3.5

3.0

4.5

4.0

35

3.0

2.5

2.0

3.4 Compressor power of each expansion valve

Inlet temperature of chilled water into evaporator : 12°C . EEV (5USRT)
Inlet temperature of cooling water into condenser : 30°C| ....q.. EE.V (BUSRT)
Chilled water flow rate in evaporator : 2000 kg/h —-¥— TEV(5USRT)
|Cooling water flow rate in condenser : 2000 kg/h

Superheating degree : 6°C
Subcooling degree : 1.5°C 2
Refrigerant : R410A P

40Hz 50Hz 60Hz

Inverter frequency [HZ]

according to inverter frequency

i i . 0
Inlet temperature of chilled water into evaporator : 12°C . EEV(5USRT)

Inlet temperature of cooling water into condenser: 30°C| . ... gEv (8USRT)
Chilled water flow rate in evaporator : 2000 kg/h —¥— TEV(5USRT)

Cooling water flow rate in condenser: 2000 kgrh
Superheating degree : 6°C (electronic expansion valve)

Subcooling degree : 1.5°C
Refrigerant : R410A

40Hz 50Hz 60Hz

Inverter frequency of compressor [HZz]

according to inverter frequency
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14

Inlet temperature of chilled water into evaporator : 12°C

Cooling water flow rate in condenser : 2000 kg/h

; ) —&— E.EV(5USRT)
Inlet temperature of cooling water into condenser : 30°C} ....c» .. E.EV (8USRT)

Chilled water flow rate in evaporator : 2000 kg/h —¥— TE.V(SUSRT)

Superheating degree : 6°C (electronic expansion valve)

g Subcooling degree : 1.5°C s
— 12 [Refigerant : R410A -
a
z
(&)
©
a
w©
(&)
2
= 10 |
o
O
8 : L :

40Hz 50Hz 60Hz

Inverter frequency of compressor [Hz]

Fig. 3.5 Cooling capacity of each expansion valve according to

inverter frequency

AP Inlet temperature of chilled water into evaporator : 12°C

) A —#— E.E.V(5USRT)
Inlet temperature of cooling water into condenser : 30°C| ... ... E.E.V(BUSRT)

Chilled water flow rate in evaporator : 2000 kg/h —-¥— TEV(5USRT)

Cooling water flow rate in condenser : 2000 kg'h
4 5 [Superheating degree : 6°C

Subcooling degree : 1.5°C

Refrigerant : R410A

COP
s
o

35F

3.0 1 1 1

40Hz 50Hz 60Hz

Inverter frequency [Hz]

Fig. 3.6 COP of each expansion valve according to
frequency
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Table 3.2& &7 47 F W 250 ©& |EPz He 54
& Lobry] 97 AF 2otk
Table 3.2 Experimental conditions for investigating performance
characteristics of heat pump according to inlet temperature of
chilled water into evaporator
Parameter Value Unit
Inlet temperature of chilled water
_ v, ) 1217 C
into evaporator @ T,
Inlet temperature of cooling water 30 o
into condenser : T, i, C
Chilled water flow rate in
evaporator : G, 2,000 kg/h
Cooling water flow rate in
2,000 kg/h
condenser : G
Inverter frequency : f 60 Hz
Superheating degree : T, 6 T
Subcooling degree : T, 15 (¢
Refrigerant R410A -
Expansion valve A B, C -
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25.0

245

240

23.5

Condensing pressure, P, [bar]

23.0

225

Fig. 3.7 Condensing pressure of each expansion valve according

11
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7

Fig. 3.8 Evaporating pressure of each expansion valve according to

Inlet temperature of cooling water into condenser : 30°C| . EE.V(SUSRT)
Chilled water flow rate in evaporator : 2000 kg/h & - EEV(8USRT)
Cooling water flow rate in condenser : 2000 kg/h —¥y— TEV(5USRT)

| Superheating degree : 6°C
Subcooling degree : 1.5°C
Inverter frequency : 60Hz
Refrigerant : R410A

7 C i’y G 17 C

Inlet temperature of chilled water into evaporator T, [°C]

e, w,in

to inlet temperature of chilled water into evaporator

Inlet temperature of cooling water into condenser: 30°C| _g EE.V(5USRT)
Chilled water flow rate in evaporator : 2000 kg’'h -3 EE.V(8USRT)
Cooling water flow rate in condenser : 2000 kg/h —¥— TEV(5USRT)

Superheating degree : 6°C
[Subcooling degree : 1.5°C
Inverter frequency : 60Hz
Refrigerant : R410A

7 C 12° C 17° C

Inlet temperature of chilled water into evaporator T [°C]

e, w,in

inlet temperature of chilled water into evaporator
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Refrigerant mass flow rate, m, [kg/min]

Fig. 3.9 Refrigerant mass flow rate of each expansion valve according

Compressor power, Y., [KW]

Fig

6.0

55

50

45

4.0

to

4.0

3.9

3.8

3.7

3.6

3.5

34

Inlet temperature of cooling water into condenser: 30°C| _g  EEgy (5USRT)
Chilled water flow rate in evaporator : 2000 kg/h gy EEN(BUSRT)
Cooling water flow rate in condenser : 2000 kg/h —¥— TEV(5USRT)
Superheating degree : 6°C
ISubcooling degree : 1.5°C
Inverter frequency : 60Hz

Refrigerant : R410A 2

7 C 122 C 17° C

Inlet temperature of chilled water into evaporator T, ., .

[°C]

inlet temperature of chilled water into evaporator

Inlet temperature of cooling water into condenser : 30°C —8— EE.V(S5USRT)
Chilled water flow rate in evaporator : 2000 kg/h O EEN(8USRT)
Cooling water flow rate in condenser : 2000 kg/h —¥— TEV(5USRT)
[Superheating degree : 6°C

Subcooling degree : 1.5°C
Inverter frequency : 60Hz
IRefrigerant : R410A

77 C 12° C 17 C

Inlet temperature of chilled waterinto evaporator T, . [°cl

. 3.10 Compressor power of each expansion valve according

to inlet temperature of chilled water into evaporator
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Inlet temperature of cooling water into condenser : 30°C » E.E.V (5USRT)
Chilled water flow rate in evaporator : 2000 kg/h S
Cooling water flow rate in condenser : 2000 kg/h —¥— TEV(5USRT)

E.E.V (8USRT)

15 ISuperheating degree : 6°C
Subcoaling degree : 1.5°C

g Inverter frequency : 60Hz _
=. 14 |Refrigerant : R410A :
(e} R
=)
& 13}
Q
]
Q
2
= 12
o
O
11}
.10 1 1 1
=0 12° C 17° C
Inlet temperature of chilled water into evaporator T, , ;. [°C]

Fig. 3.11 Cooling capacity of each expansion valve according to inlet

temperature of chilled water into evaporator

4.4 Inlet temperature of cooling water into condenser : 30°C| . EE.V (5USRT)
Chilled water flow rate in evaporator : 2000 kg/h - EEV(8USRT)
4.2 [Cooling water flow rate in condenser : 2000 kg/h —¥— TEV(5USRT)
Superheating degree : 6°C
4.0 |-Subcooling degree : 1.5°C
" | Inverter frequency : 60Hz
Refrigerant : R410A
38
o
O 36
@)
34
32F
30F
2.8 L L i
7 C 12° C 17° C
Inlet temperature of chilled water into evaporator T, | . [°Cl

Fig. 3.12 COP of each expansion valve according to inlet temperature

of chilled water into evaporator
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Table 3.3 Experimental conditions for investigating performance
characteristics of heat pump according to inlet temperature of
cooling water into condenser

Parameter Value Unit
Inlet temperature of chilled water - .
into evaporator : T, i, ¢
Inlet temperature of cooling water .
into condenser @ T i, 25, 30, 35 C
Chilled water flow rate in
evaporator : G, , 2,000 kg/h
Cooling water flow rate in

2,000 kg/h

condenser : G
Inverter frequency : f 60 Hz
Superheating degree : T, 6 C
Subcooling degree : T, 15 (¢
Refrigerant R410A -
Expansion valve A B, C -
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Condensing pressure, P, [bar]

Fig. 3.13

Evaporating pressure, P [bar]

Fig. 3.14 Evaporating pressure of each expansion valve according to

28 Inle_t temperature Ufchi_lled water int? evapuratlrur -12°C . E.E.V (5USRT)
Chlllu_ad water flow rate in evaporator - 2000 kg'h g EEN(BUSRT)
Cooling water flow rate in condenser - 2000 kg/h — w— TEV(SUSRT)

Superheating degree - 6°C
g |Subcooling degree - 15°C
Inverter frequency : 60Hz
Refrigerant - R410A

22

20 1 1 1

25" ¢ 30° C 35" C

Inlet temperature of cooling water into condenser, T [°C]

c, W, in

Condensing pressure of each expansion valve according to inlet

temperature of cooling water into condenser

9.0

Inlet temperature of chilled water into evaporator : 12°C — 8 EEV(5USRT)
Chilled water flow rate in evaporator : 2000 kg/h . EEN(8USRT)
Cooling water flow rate in condenser : 2000 kg/h —¥— TEV(5USRT)

| Superheating degree : 6°C
Subcooling degree : 1.5°C
Inverter frequency : 60Hz
Refrigerant : R410A

86

8.8

82

8.0 ' 1 1

25° C 30° C 35° C

Inlet temperature of cooling water into condenser, T_ , . [°C]

inlet temperature of cooling water into condenser
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6.0

5.5

5.0

4.5

4.0

3.5

Refrigerant mass flow rate, m, [kg/min]

3.0

Fig. 3.15 Refrigerant mass flow rate of each expansion valve according

Inlet temperature of chilled water into evaporator : 12°C — & EEV(S5USRT)
Chilled water flow rate in evaporator : 2000 kg/h ... E.EV (BUSRT)
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