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Study on Control of Refrigerant Flow Rate and Characteristics

of Superheat in Evaporator using Electronic Expansion Valve
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Abstract

An experimental study was performed to investigate the characteristics of refrigerant flow rate
control and superheat in an evaporator with an electronic expansion valve(EEV).

The EEV used in this study was devised using a needle valve coupled with a stepping motor
controlled by a personal computer. A PID control equation was used to control the superheat of
the evaporator and to set the superheat to 5C.

In order to determine an optimum running condition for the system, PID parameters were varied
for the wide range of values. The running condition of an air conditioning system with a PI control
was reasonably stable compared with that of the PID control. Experimental results for the PI control
using parameter values, K,= 15, 7,=400(sec) and 7,=6(sec) show that the superheat reached its
target value. When external disturbances were introduced to the system, the superheat target value
was reached within about 3 minutes.

When the EEV was applied to the air conditioning system driven by an inverter, room temperature

control was excellent.
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Fig.5 Experimental results for evaporator superheat
control using TEV

41 24 HHUWEHE 0|E
Hof

8 37| oex

exd Bawd dg 4% ZHAE Fighdl
VRSt 2 X2 A8 B o] e o 4F F719
7 ¥ (hunting : Aol o] XX ] A2 IF
3 dAh)o WwAHY, 2 Adre AFL oF
15ceH, 168 Ao Fole & 5CEA thd F9f
E A% YeERRAD, Az B At

A<H ok £3 D¢ A7) AT X
sight glassllA &= ‘E vgu}].,] 5L 71EFH
Aejoln, Figsel Wol &% watdl Jeht Sle

A5t 2ol 9 A 2Ho] B
T 5 ek

gz :HEE

42 WX WEYWHE o|2s ZwUr| nHTe
PID ®|Of

Fig6~Fig10& Az BAPBLE A}§-3te] Pl
3 Ao E S W Al
279 2%, AgE % Y) #3F ¥HIE e

= 7~\:ﬂ-7] %] .



:

=1 A A
19 - URE - FEH - BES
. 2
ic ] ig ]
c %5 ] ;
5 2 3 83 3
- o 3 = a
© bk =5
e ER 3
SE : $5 ;
> @ E<I] L
S s 18 20 138 20
~ .
3 P2 o
3 ; < ;
$ 2 ;
™ -
g ; i ]
3 E z ]
@ . k7 k
18 20 20
E 2.0 T T T T T T T = Z0 T T T T T T T T T
E 1.5 :I | | i A E £ 15
T 10 ; T 10 NP e
| 3 ;
y OS5 i ; 5 os
\ 3
2 Lo AAAA . . . 2 00 Crlditi s bt
4 & B 10 12 14 16 18 20 © 2 4 6 8 10 12 14 16 18 20
Time(min) Time{min)
e{min.

Fig.6 Experimental results of PID control of evapo-
rator superheat using EEV (K,=15, ;=400
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Fig.7 Experimental results of PI control of evapora-
tor superheat using EEV (X,=15, T,=300

(sec), T.=6(sec))

Fig.8 Experimental results of PI control of evapora-
tor superheat using EEV (X,=15, T,=600

Evaporator in~oul

Superhest(*C) temperature(*C)

Flow rate(i/min)

(sec), T,=6(sec)

30

Py '
20 F
i5E
10

-5 L ) L L L L

Time{min}

40

Fig.9 Experimental results of PI control of evapora-
tor superheat using EEV (K,=15, 7,=400

(sec), T,=6(sec))



BEF 93UEE MAD BR8] A% KE HE R EME FHEd #d M 385

Aelth, & AgAA, &7 71FA Fgdne)
Nz 4 JAd Y= gt

Fig62 K,=15, T:=400(sec), T,=20(sec), T.=6
(se0) 2 3t & W &4 ZBolc) o] A%, V%
* of20x7tAle 4 xrt 9 30C2 F4estAch
o] AL 7IFA WAHE7L A FeieA £33
o2 2E A=Y mEeltk =3, D $39)
% WP E Nx 2A o] 2tgx H3l gl s
i3] AREA &3] A dA 23g
Lo =gt E8a 7] 30%, IAEF 5T B
Hgo] AAHATRT AL, Yo FFz Bt
e JEiE Hojx Ut

4.3 HX YRWSE o|FF FYWY| DEE
Pl &0

D £3 o] 247 S % ol g BA3A ke
24022 Fig7~Figlodl e Pl 31 AME
3l A og AT

Fig7& 2 (5)elA4 D $&& A3t Pl 5%
T2 ALR3 K,=15 T,=300(sec), T.=6(sec)
o] &4 Aot} olw, PID F3 A D 539
Agoz ey Ns 2T F4AE RS
A8 T=300(sec) 22 AAR3Ie WH A xF
Fg dx A [ o) B FL A 2T
2= ¥3}7} Fige Bt &Asten, 3], 347 I+
2x HaEE v$ FHsich o)A D FFe A
o2 A BH AxE AUt 3R UV HE
olth ey}, HEEE F£7] 4%, IF 3T HH ]
LG} ol AL T FAE Uste BE A=
Walst AR dEoletn ARE(Y (5) F=E).
Yol 8% W3le Figeol ¥ldte] ¢hAS A

Fig8e K,=15, T,=600(sec), T,.=6(sec)d <]
Z7 ZAxtoln Fig7ds wdE | H4-E F7HA
g 7ASolth AxEe AHNFHE hFFH ol
Fgdx BEAQU s5C7AR F2IA ¥, &F 158
AFFNE FEEV} 7C BN BHA 22
e Alzte] wWi$ =UTh

12 4% ¥ 397 4F 27t F43 A
A FExrt 0TAHR e, o
Bade Aert HE A oA &3
BE ey WEolgtn AzrEc

Figoe K,=15, T.=400(cec) T.=6(gec)d e}

27 AH#E vepd Rolth. ¢&7) 715 F 45
FEo) EEXQ FLxE 500 28R, A4H
o2 BHEAAAN 01T AL RKASEG.
=3, 8719 K& F/MAU BRdE o 3B
AD ¥ EFA A TEdo AL FAIFATH
o] A& Fig7% Fig8llA AME% Tio] S € A
4% ZAdeln, 7 AP I M52 AAErn

Fig.102 K,=15, T;=500(sec), T,=2(sec)d =]
274 @3}olt}. Figo~Figde 25 sampling time©)
628 o, Figloe sampling times] @& o} %
Hdxe EEX =g AL @HAFA 949 2
22 dAsA) =3 A2de BGPE B3}
7] 9 T,=500(sec) &2 1 Bi4E T4 24 4
F3lg o, 7] 28, AE 4T PHo] LA
At

Az BFBBE oL YF HFX9 FE7|
Iz § PID Ao)$ 4% AHRZ BE, 479 p,
LD ¥ A JF A2dd & g% vide
Rg & F AU EF §Fo] E WF A=
oA P, [ D ¥& WAEslgop gt 2o,
dF Aste WAz, dojyd FeMe eA R
59 d¥ez HAHF P, I, D HFE 43 &

30
5 E
S WE

g2 1s outiet
10 wwmw

-5

Evaporator in—oul
Lemperature(*C)

Superheal{C}
wda

Flow rate(l/min)
o O
PO

%

Time(min)

Fig.10 Experimental results of PI control of evapo-
rator superheat using EEV (X,= 1.5,7,=500
(sec), T,=2(sec))



386 4e2 - ARE -

N7 2, Y BEe FUI}P L DWEFE
A48 5 @, mhebA diF Aabo] 7hedkAl Eth
T8 P, [ D W$E AF FHIT auto-tuning
71Ee F BR3E oy ¥E A&z P,
D ¥45g A% FHald A HA HLE T Aot
7bestoia AZEd

Az PABEE 254 PP R D7}olt
o} 28] 7] (Accumulator) 52 ¥F & & HAaAZE
F 93, ¥E A0 YoM tE IH ZAE
w7 FEE AgA FHet Ao
a7+t = ik =g, AR xgﬂ-gae
Y- Fx7 ALsw, 1 A2 4
ke k2N

wxd ofu

Figll 2 Figi2® ¢%7)d dHEE F5H3t
YE A2dg haxez AN 73°°l‘31

-
23 2o & & 20TE §-AFEE Pl AlEHA
gof, Mz FHWEE o3 SLV|e] FEE

Aol B3 AE Hitolrh
Figll& K,=15, Ti=400(sec), T.=6(sec) ¥ 2]
27 AxEM, R &4 710F FEET F7]
XNZE 10T AF o] wAstAh x,
]

2—\'_‘, ]

WE A|a"e] BerAd Ad & @ Au
exn okl WEL Holil gt
H& SAA 71 A E HEgE T.=400(sec)

T BAT

o)AAW o9} Z WE Alzdel BEET &
Mol HAE Yo zHE W A" &FFo
AW B ol8)] W aksted Tgrel g7 WE
Azhdrt,

Figl12¥& K,=15, T,=700(sec), T(sec) W] &3
Avtelth WE Alade 7R Bxo AT BE L
Qo X GAHAL #FAFAT wA, AMEHE
ol &8 7i¥ & Axdle F2v] HI= PI A
oA, B A¥dME T:=700(sec)°] 7H A4
gee ¢ F AT

olAe] Hy ARE F3H,

A o] Al ol = Qi SAAl 2 7}%
W7t WE Alade HAstd 48

Fa® 229e ¢ 4 AN

=

ojgbil

FAH - UFF
- 30
< |
P 20 e
52 1 o
% \3 /\/WW%\M%"“
o Lol s
zZ = 3 -
E : ° heat
-~ O _5
15 10
Txne(mm)
2 200 T —T T T g T T
u
3 160
3 120
: J i ITPNEATIT
oy /\
7 15 25 35 40
. Time{mnin}
3
Z S0 g T r : ‘ g T
3 a0
EA 30 N N AN 3
b4 20 3
- 1
5 10 i
- 0 L 1 T ! . 3
: 0 S 1c 15 20 25 0 35 40

Time(min)

o
©Q
.
N

Experimental results of PI control of evapo-
rator superheat using EEV when room tem-
perature is controlled by inverter
Stepping motor : K,=15, T.:=400(sec), T.
=6(sec)

Inverter : K,=15, T:i=50(sec), T,=6(sec)

30 T T
25

20 - room. E
e e e e ™,

‘5 sva—out

10 H . eve—in

5 i N R e P

5% v

T T T

Temperature of
each part("C)

I FO . . . ) :
a 5 10 5 20 2% 30 33 40
:'A'ime("n_\n)
g 200 : — 3
=n 160 3
3 120 —i
g
a / \/“v”‘v\fww4 wwﬂv“‘/\ﬂ
5
@ 0 10 15 20 25 30 5 40

Time{min)

0 PP NPE N . : | 1 . L
0 g 10 15 29 25 30 35

laverter trequency(Hiz)
8 &
£ Lataatidaubos

Time(min)

Experimental results of PI control of evapo-
rator superheat using EEV when room tem-
perature is controlled by inverter
Stepping motor : K,=15, T.=700(sec), T,
=6(sec)

Inverter : K,= 15, T;=50(sec), 7.=6(sec)

Fig.12



9F - FE NS AR BPBEe FF A
207 279 FLE Ao} Z4ol B A
T8 sUsel e ve WES AT

re >|-E

252 Hidne AL HAEY offsetdh
AN, 9 FF H3e] AQ(gain) 2
A 7] W&o, A2 v)E R FEdx
B F7] 42, AE 15CE ¢ BT g3
4‘%5]""4 HFHQA &H A =gE o 7
°F 16% A&7l 2gEFen, of Afde
48, AF of 5Ce 7 ¥Eo] WA

)731}‘@7"“33,54 7%, PID Ao} Bt} PI Ao} 7}
w7] E9 AER AojA oS AR F I

PID €&¢ FH$dde D 5oz Qste] P
Hol e ZAeo] HFEx Wt diaii
AREA w537 dEd 43 H4dxd =7
HA Zaha, Ala"oel BrAsPh

Pl 5%< PID 53 el vla] Alxde] wl$ ¢
AW, 71EFE o 38 ol AEx E‘Eil‘)ﬂ
=23t olde] Z Hee HAAE K,=15
T,=400(sec), T:=6(sec) A v}

3) A ElE ¥F Aa"dE Hoz &F Al
oste] YA 2% AHoE & A HH 1 F
27 T=700(sec) o™, A2 75F & 78
AEoA ¢tAFHAD. old, Al &% Aojd&
v -3kt

4) F¢7] AEE HE T B, =4 BA
WH B @2 GPWEst A wie $5
BEeh AR WFRE ApEA e PID AR
PI Alo}7} $2l3ld, PI Ao A= T, &
ling timeol Al2El2] A Ao WA=
g Ag & F UA

o

-

D
3

-{N_ﬁrﬂwr
_grlr

T o\

Iz

].

yud

2 samp-

Pl A

* 7

F4

£ ATY FY =L AeaAEe
A7 ALE| (AFERC)S) BAASNA 2448 EEY]

&

10.

11.

R ABE Bl BF MR 387
s 2=

. Nowotny S., 1991, “Recent progress in micro ele-

ctronics and their applications in refrigeration and
air conditioning”, Int. J, Refrig, Vol.14, pp.140-147.

. Takahashi S., 1986, “Inverter room air conditio-

ner”, Refrigeration, Vol.61, No.701, pp.249-252.

. Fujimaki S. & Tanaka T., 1986, “Inverter room

air conditioners”, Refrigeration, Vol61, No.701,
pp.253-257.

. Higuchi K, 1986, “Evaporator control systems”,

Refrigeration, Vol.61, No.701, pp.223-230.

. Yasuda H., 1986, “Evaporator superheat control”,

Refrigeration, Vol61, No.701, pp.244-248.

. Kimura N., 1986, “Electric expansion valves”, Re-

frigeration, Vol.61, No.701, pp.231-238.

. Kimura N,, 1992, “REFCON electronic expansion

valve and controller system”, Refrigeration, Vol.
67, No.774, pp.423-430.

. Takasi Mivata, 1986, “Valve control by personal

computer”,
285,

Refrigeration, Vol.61, No.701, pp.281-

. Hanzawa R., 1986, “Application of industrial elect-

ronic expansion valve”, Refrigeration, Vol.61, No.
701, pp.271-273.

EMER Al 9319, 1992 "2 E 2E
Aol 32 HA”, pp9-125.

T=AER A HERY, 1985, “2H P ZEHY
&4 71¢”, pp.8-125.

. N7 2T Ay BiRER, 1990, "RE, BEt

PHERAN TV T, CQHEIREL pp.146-174.





