IRRELNE TR

FEINKRERS KREEBE

B BB

20044 12A3



BE R o1 8%
4 M B

= L8 LB w2 Rl

o] I =

20044 121

SHHS TS BLBH RLE BAED
BEEXEEZHE Bl
% 5 2l
% B 2

N KB kB

20044 12H



An Experimental Study on the Performance of
a Multi Driven Heat Pump

Sang-Hyuk Kim
(Supervised by professor Youn Cheol Park)

A thesis submitted in partial fulfillment of the requirement

for the degree of Master of Engineering

Department of Mechanical Engineering
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

2004. 12



1l

M

vi

Vil

viil

— — O D=

L1 SATE HIZ ceeeeereesseseesseessesses sttt

1.3 A5

A}

12 A

1
N
o
o)

)
B

vl

12

24 A=

e
N
!
<N

jze]

i
Jjo

o)

e
{]
7A

H]
oo
B



jze]

i

op

2l

}

‘AO
»AO

O

}

35 H]

B
pll

69



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

List of Figures

1-1 Heating capacity and heating load with outdoor temperature ««:««ssseeeeeeees 4
1-2 Comparison of general heat pump cycle with gas heating cycle oo 6
2-1 Schematic diagram of heat pump System ......................................................... 9
2-2 Cooling mode and heating mode operation of the heat pump «««-eeeeeeeeeeer 11
2-3 Gas heating Operation of the heat 91815010 JRRRR e L L LRI LI 11
2-4 PhOtOgraph of eXperimental test Setup ............................................................. 13
2-5 V/F pattem of an inverter COIMPIESSOI *++wrrsersrsssssssssssssssssssstsinttistiniisssennees 15
2-6 Data aquisition of the refrigerant side temperature e 23

2-7 Data aquisition of system pressure and water side

tEMPETALUIE IHIEASUIEITIETIE  ##++:#+sstsssesessastesssssessess st bbb 2
278 POWer aﬂd mass ﬂOW Tate MEASUTEINEINT *rretrerreerreereesrressresterttrtttitne. ?A
3,1 Energy balance Of indoor umt ........................................................................... 29
372 Energy balance Of outdoor umt ......................................................................... 29
3,3 Data analysis Wlth EES ..................................................................................... 31
3-4 P-h diagram with variation of outdoor fluid temperature «--«-----=sesseseeeeees 3
3-5 System capacity variation with outdoor fluid temperature -«--=«ssseseeeeeeees HA
376 COP Variation Wlth Outdoor ﬂmd temperature ................................................ 34
3,7 Power Variation Wlth Outdoor ﬂmd temperature ............................................. 35

3-8 Compressor discharge temperature variation with

Outdoor ﬂuld temperature .................................................................................... 35



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.

Fig.

Fig.
Fig.

Fig.

3-9 Refrigerant mass flow variation with outdoor fluid temperature -« 36
3-10 Indoor subcooling variation with outdoor fluid temperature ««--«=-====ss- 36
3-11 Outdoor superheat variation with outdoor fluid temperature -«««:-««+s=+=++-- 37
3-12 P-h diagram with variation of compressor frequency < ««:ssweeeeeeseeeneess 40
3-13 System COP variation with compressor frequency ««w««s«sesreersssresseenees 40
3-14 Capacity variation with COMPreSSor frequENCY s wrssesssesssmnsesmnsssnnen. 41
3-15 Compressor power input variation with compressor frequency -« 41
3-16 Compressor discharge temperature variation with

COMPIESSOT TE(UENCY *+#++++eeesessesssssssessussessss s st sttt 12
3-17 P-h diagram with variation of compressor frequency ««««:«:swesseeeesseeeeneess 46
3-18 Compressor power input variation with compressor frequency ==+ 46
3-19 System COP variation with: compressor frequency «««-«s-«xseeeeressresseenees 47
3-20 Capacity variation with COMPreSSor freqUENCY s sewesesesesssmnsssmnsissnen. 47
3-21 Mass flow rate variation with compressor frequency :-««:weseeeeesseeeseeens 48
3-22 Energy balance between gas heating value and

heat absorbed by the refrigerant « et 48
3-23 P-h diagram with variation of gas CONSUMPLON s wsseeesssensesensssessesesseen: 50
3-24 System COP variation with variation of gas cONSUMPLION «««w-«wssereseeeeeeess 51
3-25 Compressor discharge temperature variation with

variation Of Gas CONSUIMPEON «+wwwsserserssssssessessusssssssis ittt 51
3-26 Power input variation with variation of gas conSumption ««:-«««s=«sssseeeseeess 52
3-27 Capacity variation with variation of gas cOnSUMPLION ««««+sxeesseressneessneeens 52
3-28 Superheat variation with variation of gas conSUMpPtion «-««s-«xreeeeesseeeseeeess 53

_iv_



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

3-29 P-h diagram with variation of compressor frequency -« --wseeeeeeeseeeees 57
3730 Capacity Van'ation Wlth compressor frequency ............................................. 57
3731 COP Variation Wlth compressor frequency .................................................... 58
3732 P*h diagram Wlth Vaﬁation Of ratio ............................................................... 58
8733 COP Variation Wlth gas heater ratio .............................................................. 59
8734 Superheat Vaﬁation Wlth gas heater ratio ..................................................... 59
3-35 Temperature variation with times (driving ratio 80%) «+swweeeseeeeeseeeeeen: 61
3-36 Pressure variation with times (driving ratio 8096) ««swswsessesseesemssesessesseess 61
3-37 Temperature variation with times

at starting period (driving ratio 806) « -« -sswssessessssessmsussssmssisisiisisississnsinins 62
3-38 Comparison of pressure—enthalpy diagram between

heat pump and refrigeration: heating heat puimp « s+ sssesesessesessessssussisenes 5]
3-39 Comparison of system COP with compressor frequency :««««wsseeseeeeeee b
3-40 Comparison of capacity with compressor frequency -« «s«wseeeesrerneesneens 66

3-41 Comparison of heat pump consumption energy with

COMpressor frequel’lcy ......................................................................................... %



List of Table

Table 2-1 Specification Of tESt WML «+ -+ wssessersssssessesssnisississsis s
Table 2-9 Specification Of measurement deViCG .............................................................
Table 2-3 EXperiment CONAHONS -+ +swssrserssrssssssssssisiisisissiisisississsssssss
Table 3-1 System performance with variation of secondary

fluid temperature (compressor frequency = 60 Hz) weseeeessessesssssssnninnn.
Table 3-2 Heating capacity, power input, and COP

With a variation freqUENCY e seresesesmsmsisssi s
Table 3-3 Heating capacity, power input, and COP

Variation Wlth frequencies ...............................................................................
Table 3-4 Heating capacity, power input, and COP

variation with gas consumption (compressor frequency = 60 Hz) -
Table 3-5 Heating capacity, power input, and COP

Vari ation Wlth frequencies ...............................................................................

_vi_



Nomenclature

Cp wat :
href, i :

href, o

Mt
M yep
Q¢

Q e
Q at

A Twat :

Wcom p

AUPNE, [k kg - K]
Aur] A NI [ k) kel

A7) S NI [ 27/ kel

= vii -



Summary

Market of the air conditioner and heating devices are increased every year due to
the customer’s needs for comfort environment of living circumstance. One of the
heating device is a heat pump that was consisted with same refrigerant cycle as
an air conditioner. The heat pump has demerits on the low heating capacity at low
outdoor temperature. When the outdoor temperature decreased at winter season, the
heating load of the building is increased with decrease of the outdoor temperature.
However, at this condition, the heating capacity of the heat pump drops with
decrease of the outdoor temperature on the contrary.

To improve heating performance of the heat pump in winter season, refrigerant
heating device was applied to conventional heat pump. The heating process of the
refrigerant was started at the heating capacity doesn’t enough to the heating load
requirement of the conditioning space or the discharge temperature of the air goes
down to below 40C which is criterion for comfort of the occupants in the
conditioning space. The refrigerant heating has new concept of auxiliary heating
device for heat pump in winter.

In this study, the system performance was analyzed through experimental study
of the proposed system and parametric study was conducted to improve the COP
and to develop control strategies for the refrigerant heating device.

As results, the pressure drop at the indoor heat exchanger in refrigerant heating
process increased a little compare with the general heat pump mode operation’s
pressure drop. The discharge temperature of the compressor is high enough to
supply warm air to the conditioning space at winter season with the method of

refrigerant heating.

= viii -
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Table 2-1 Specification of test unit

Unit

Specification

Indoor and

outdoor heat

Maximum hydrostatic pressure test : 10 kg/cm2
Capacity: 3 HP

exchanger
Hot water volume : +25°C - 5.1 #/min,
+40C - 3.2 Z/min

Gas heater Gas consumption : LPG 0.78-0.44 kg/h

Coupling tube : 15A (1/2 inch)

Ignition type : pressurized electronics type

Solenoid valve

Maximum pressure : 30 kgy/cm®
Maximum operation pressure differential : kgf/cm2
Voltage : AC 220V, 50-60 Hz

Connection : 3/8 flare

4-way valve

Port size : 11.1 mm

Nominal capacity : 2.6 USRT

Maximum, operation pressure. differential : 2.45 MPa
(25 kgi/cm®)

Minimum operation pressure differential : 0.29 MPa
(3.0 kgi/cm?)

Connection (discharge) : 3/8”

Connection (suction) : 1/2”

Receiver

Volume : 5.04

Internal pressure test : 33 kgf/cm2
A leakage pressure test @ 22 kgy/cm®
Connection : 3/8” in, 3/8" out

Electronic

expansion valve

Orifice size : @2.2

Driving method : 4-phase stepping motor

Rated voltage : DC 12V

Driving frequency : 30 PPS 1-2 phase excitation
unipolar driving

Power consumption : 7TW

Max. operation differential pressure : 2.26 MPa

Max. operation pressure : 2.94 MPa

Mounting position : Perpendicular +15°
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Table 2-2 Specification of measurement device

Standard uncertainty : £0.044%

Refrigerant mass flow Fluid : Water (H20)

meter Nominal flow rate : 18.44 kg/min
(Micro Motion Meter total : 7.9 kg
F-series) Error : +0.01%

Accuracy : +0.2%

Standard uncertainty @ £0.296

Fluid : Propane gas

Fluid temperature : 20C

fluid pressure : 300 kPa

Gas mass flow meter Normal density : 2.012 kg/m®

(EL-FLOW) Heat capacity : 19159 J/kg - K

Viscosity : 8.12 MPa

Thermal conduct : 232.7 W/m - K

DUT output range : 0~5V

Accuracy : *1%

Temperature : -23 to 204C

Pressure : 2000psig (140.6 kgi/cm?)

Metering valve Orifice : 0.032 inch (0.81mm)

(SS-SS4-VH) Stem taper : 1°

Flow control range : 0~5 ¢ /min

Connection : 1/4” tube fittings

Standard : 28G

Rang @ -200~400T

Thermocouple(T-type)
P P Accuracy : *1~3%

Thickness : 0.32 mm
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System temperature
Outdoor|Outdoor| Gas Gas

Comp. | Comp. unit unit |heater|heater

Indoor |Indoor |Outdoor|Outdoor
) ) unit unit unit unit
suction|discharge| Exp. Exp. Exp. | Exp.

) ] outlet | outlet | inlet inlet
inlet outlet | inlet | outlet

T-type thermocouple

Sub unit (DS—-600)

Data acquisition system(DR—230)

Personal computer

Fig. 2-6 Data aquisition of the refrigerant side temperature

System pressure measurement System temperature measurement
Gas Gas
0.D
Comp. |Comp.| Exp. B heater heater | 1.D 1.D 0.D 0.D
. . . XPp. . .
suction| dis. | inlet Exp. Exp. inlet |outlet| inlet |outlet
outlet| .
inlet outlet
Pressure transducer T—type thermocouple

Sub unit (DS-600)

Data acquisition system (DR—230)

Personal computer

Fig. 2-7 Data aquisition of system pressure and water side temperature measurement
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System stream flow

System power consumption

Refrigerant

side

Gas side |Water side

compressor

Mass flow meter

Vol. flow meter

Sub unit (DS-600)

Data acquisition system (DR-230)

Data acquisition system (WT1030)

Personal computer

Fig 2-8 Power and mass flow rate measurement
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Table 2-3 Experiment conditions

Cooling | Heating Gas Cooling | Heating
water water flow EEV water water
temp. temp. rate step flow rate | flow rate

(C) (C) (2 /min) (2 /min) | (£/min)

Compressor
frequence
(Hz)

90
15 20 105
120

11 2.5 105
120

40

7 3.0 105
120

3 - 105
120

15 20 105
120

11 20 105
120

7 3.0 105
120

3 - 105
120

15 20 105
120

11 2.5 105
120

7 3.0 105
120

3 - 105
120
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Table 3-1 System performance with variation of secondary fluid

temperature (compressor frequency = 60 Hz)

Secondary fluid .
) 25T
temperature(indoor)
Secondary fluid . . . .
15T 11T 7C 3T
temperature(outdoor)
Capacity 105 step 4.42 3.82 4.19 3.47
(kW) 120 step 4.65 3.72 4.11 3.42
Power input 105 step 768.3 754.8 781.6 745.7
(W) 120 step 747.1 756.1 803.7 754.6
105 step 5.8 5.1 5.3 4.7
COP
120 step 6.2 4.9 4.3 4.5

v ] M ] v ] v ] v ] v ] v ] v ] v ] v ] v ] v ]
L Indoor temperature 25 ° Compressor 60 Hz ~ EEV 105 step |
[ —e— Outdoor temp 15 2 ]
--4A-- Outdoor temp 11 °C
[----W--- Outdoor temp 7 C
| -~ Outdoor temp 3 °

(kPa)

1000

Pressure

"0 30 60 90 120 150 180 210 240 270 300 330
Enthalpy (kJ/kg)

Fig. 3-4 P-h diagram with variation of outdoor fluid temperature

100
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Fig. 3-6 COP variation with outdoor fluid temperature
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Table 3-2 Heating capacity, power input, and COP with a variation

frequency
Secondary fluid 5
; 204
temperature (indoor)
Secondary fluid 3
temperature (outdoor)
F
redtency 40 60 80
(Hz)
. 90 step 2.44 3.50 4.36
Capacity
105 step 2.34 3.47 4.35
(kW)
120 step 2.26 3.42 4.27
. 90 step 457.2 743.9 1085
Power input
(W) 105 step 449.4 745.7 1105
120 step 4347 754.6 1115
90 step 5.3 4.7 4.0
COP 105 step 5.2 4.7 39
120 step 5.2 45 3.8
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Fig. 3-12 P-h diagram with variation of compressor frequency
7.0 T T T
6.5 =
6.0F 4
55F . E
asol i
8 0 - \ i
4.5 | x .
. —@— EEV 90 step ]
4.0  —w— EEV 105 step ’ 4
L —A— EEV 120 step 1
3.5 | Indoor temperature 25 °C .
[ outdoor temperature 3 °C
3.0 1 . L . L

40 60 80
Compressor frequency (Hz)

Fig. 3-13 System COP variation with compressor frequency
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Table 3-3 Heating capacity, power input, and COP variation with
frequencies
Frequency
EEV step 40 60 80
(Hz)
. 90 step 3.28 3.55 3.82
Capacity
(W) 105 step 3.30 3.78 4.08
120 step 3.28 3.80 4.20
. 90 step 451.1 747.5 1045
Power input
W) 105 step 447.6 772.7 1093
120 step 1355 770.5 1116
90 step 0.9 0.9 0.9
COP 105 step 0.9 1.0 1.0
120 step 0.9 1.0 1.0
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Fig. 3-17 P-h diagram with variation of compressor frequency
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Table 3-4 Heating capacity, power input, and COP variation with gas

consumption (compressor frequency = 60 Hz)

Second fluid at indoor inlet 25C
Gas flow rate 2.0 2.5 3.0
90 step 3.55 3.74 -
Capacity
105 step 3.78 4.02 -
(kW)
120 step 3.80 4.22 4.46
90 step 7475 732.4 -
Power input
105 step 2.7 761.7 -
(W)
120 step 770.5 772.3 750.5
90 step 0.9 0.8 -
COP 105 step 1.0 0.9 -
120 step 1.0 0.9 0.8
L Indoor temperature 25 °C Compressor 60 Hz  EEV 120 step ]
—@— Gas flow rate 2.0 L/min 1
—&— Gas flow rate 2.5 L/min
-—w— Gas flow rate 3.0 L/min
—_
£
é o—A-v
<1000 / -_
=
=
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=
[a®
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Fig. 3-23 P-h diagram with variation of gas consumption
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Fig. 3-27 Capacity variation with variation of gas consumption

_52_



45 T v T ' ]

[ ]
40 .
35F v 4
~ 30F 4
o I
Q
= 25 .
8 - A
= 20 T
5 s °
% 15 Indoor temperature ("C)
22 ) _ v Compressor 60 Hz i
| —&— EEV 90 step |
5k —&A—EEV 105 step A
0 - ’ . —w—EEV 12.0 step 1
2.0 3.0

2.5
Flow rate (L/min)

Fig. 3-28 Superheat variation with variation of gas consumption

_53_



X0

il
Jlo

]_

]l 60 Hzol A vl AN~

©

stggom, Wriskasl ¥

[

7} 25T TCE 1A

Yol v

R
i

]

7}

A ]

o

A o Yui7ted &

S|

715 53

9
=

By
=

=
-

L

R

20%= Al
Table 3-5%}
3] o)

o

R

o

=

L

R

A3}
7k teeg ey
YeERar lvk COPt
P AR depa gow, o

-
o
=

=

(<]

B

9] J%E+= &4 stepoliL, Aol =

S

=3}
=31 COP

=

=3

hﬂg H

S
12

[e}

Pz
Hol o] gFet

g

EEEE

SUp - Intad

ol
R

J
AX

ol-gd Aok A9 Bl

87
o

5]

=

=

o

WHO] JNEE 36 stepoz A Ato]Eo] wAlelA Wyrje] 3

=

=

&

Pz

R

120 step

tol iz}
Ay

R

fu

°©

11 9
Fig. 3-30% Fig. 3-31= &

9 =

°©

o] 80%, Julj7td 7]

o]

Bol Ert g27] u
Ne] Ate]ZE o] A,
#r} Fig. 3-29

uf Yo 7}A 7] 9]

H

A&}

©.

120 step

o] N

EEE]

el

)

Yool HleS W7

R

R

CRERs

o

oA ezt 7]l
- 54 -



A717] flske] Al ne] Jhwe] 2eks WAAZIE A AbolS wAlelA] & A

Foll A Wuljo] FE &S AL Wurtdr]e] AW EsEE 70%, 80% 2 90%=

E
o,
>
N
Rl
o
=
Yy
o
fr
i1
fo
N
|\
fo
o,
o
=
&
)
o
i
W
(@]
X
S
X
M
)
X
o
e
ru:{o
i
E

Fig. 3-34¢l bl wle} ro] wvhidsa e Qujrtdrze] f3iujdo] 70%Y o
wry 0% Wb R ZA g WulfEe] FkR ste] Aol oF 10%EE =7
Uehyith oufe] A]x®le]l COP: Fig. 3-359F 2o fekiujgo] 7182 COP
E Z7keke 43S Uehia gtk o)A F2 FaRulee] FUkE st skl

71l g7t wobg ol Aol S7kek A

_55_



Table 3-5 Heating capacity, power input, and COP variation with frequencies

Secondary fluid 95°C
temperature (indoor)
Secondary fluid 7
temperature (outdoor)
Gas flow rate 2 ¢ /min
Frequency (Hz) 40 60 30
Capacity (kW) 3.24 3.51 3.86
Power input (W) 4244 7375 1037
COP 1.0 1.0 1.0
Driving ratio (%) 70% 80% 90%
Capacity (kW) 3.45 3.51 3.81
Power input (W) 722.1 7375 765.0
COP 0.9 1.0 1.0
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