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Comparison of An Electronic and Thermostatic
Expansion Valves in Refrigerant Control of Evaporator

Mitsuyoshi YAMA]JI, Hideo NOGUCHI, Hiroaki KIRI,
Toru YAMASHITA, and Ryouichi HANZAWA*

Use of an electronic control expansion valve (EEV) has become more and more popular, taking

the place of a formerly used thermostatic expansion valve (TEV), in controlling evaporator superheat

of the refrigeration system installed to fishing boats, including tuna purseseiners.Refrigeration ef-

ficiency was compared between EEV and TEV taking advantage of T/S Nagasaki-maru which has a

refrigeration system equipped with both EEV and TEV to be used alternately. The efficiency of EEV

being operated under the best combination of the control parameters foundby us was compared with

that of TEV. Repeated experiments revealed thatby using EEV the cooling time before reaching the

desired refrigeration temperature can be mach shortened (4h—35m by TEV vs 3h-28m by EEV) and the

state of operation becomes more stable. Thus, the result of our experiments shows that the efficiency

of the refrigeration equipment withTEV can be economically improved by just changing TEV for EEV.

key words: BT BHENZEF electronic control expansion valve; {RERBEIZES thermostatic
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Table 1. principal specifications of refrigeration equipment of T/S Nagasakimaru

Refrigerating Compressor

Type

High speed multi cylinder 2 stage compressor

MYCOM-F62A  MAYEKAWA MARINE ENG. CO.,LTD

Number of cylinder

Diameter of cylinder 95 mm
Length of storoke 76 mm
Revorution per minute 1200 rpm

Refrigeration capacity

Brake horse power 15.6 BKW
Motor 30 KW
Manufacturer

2 cylinders in high stage. 4 cylinders low stage

3.5 RT(AT TC35 °C./TE6OTC)

MAYEKAWA MARINE ENG. CO.,LTD

Quick Freezer (Semi-air blast)

Refrigeration capacity

1.2 ton /36 h

Effective measurement of tube rack 2400 Lx1200 Wx5 Stage

Cooling tube

(a) Tube rack: Aluminum (b) Wall: STPG-38 SCH40 32A

(¢) Ceiling: Aluminum fin coil

Fan 1.5 KWX2 stage
Volume 29m’
Cooling temperature -55 C~ 0°C
Refrigerant CHCLF,-22

Fish Hold

Cooling tube

(a) Ceiling: Aluminum coil

(b) Floor, Wall: STPG-38 SCH-40 38A

-50°C
29 of

Cooling temperatur
Volume

Working Space

Cooling tube

38 nf
-10C

Volume
Cooling temperature

(a) Ceiling: Aluminum coil
(b) Floor, Wall: STPG-38 SCH-40 25A
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Refrigerant CHCLF,(R-22)
Capacity of evaporator 11620 Kcal/h (15.6KW)
Temperature of evaporation —60°C(0.38Kgf/abs)
Temperature of condensation +35C(13.8Kgf/abs)
Pressure drop by tube 0.5 Kgf/abs
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Fig.1. plan to show the Arrangement of refrigeration system in T/S Nagasaki maru,
with arrows indicating flow of refrigerant.
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Fig.2. Construction of thermostatic expansion valve.
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Fig.3. Evaporator superheat control system with electronic
control expansion valve.
Tei: Temperature at inlet of evaporator cooler tube
Teo: Temperature at outlet of evaporator cooler tube
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Fig.4. Schematic illustration of ‘valve opening 'which is the
percentage of the time with the valve open in a control
period.

Three stages of control period (t), 8, 10, 12sec were
adopted in the present experiment, whereas the period
can be adjusted up to 99sec.
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Table 2. Function of Electronic Contorol Expansion Valve

Function No Indicator contents Unit Inlndicator scope

h Superheat measurement value C -10~460

S Superheat setting value T -10~460

0 . Valve opening %

P Proportional gain 0.1~99.9

H Highest opening value % 5~100

L Lowest opening value % 5~10

t Contorol period Sec 0.1~99.9
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Theoretical lines showing the relationship between the superheat (h) and the expansion valve

opening (0) at several combinations of settings of superheat (S) and proportional gain (P).
Calculated by the formula : valve opening (0)% =(h—S)P x 1.5 -+50.
After Mayekawa Marine Eng.Co., LTD instruction manual.
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Fig.6. Temperature records with the lapse of running time at various parts of the freezing system when
a proportional gain (P) and control period (t, sec) were fixed at 5 and 12, respectively.
The experiments were carried out at three stages of the superheat setting (S, C), 10(A) 5 (B),

and 0(C).

@Temperature at outlet of liquid cooler

(@Temperature at inlet of evaporator cooler tube
@ Temperature at outlet of evaporator cooler tube

@Temperature of quick freezer

(®Suction gas temperature of compressor

®Temperature at inlet of liquid cooler(Temperature at outlet of receiver)
Additional line close to line ® shows the temperature in the condenser.
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Fig.7. Temperature records with the lapse of running time at various parts of the freezing system when a proportional gain (P) and
control period (t, sec) were fixed at 3 and 10, respectively.
The experiments were carried out at three stages of the superheat setting (S, ‘C), 10(D) 5 (E), and 0 (F).
@~®the same as in Fig.6.
Additional line close to line (§) shows the temperature in the condenser.
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Fig.8. Temperature records with the lapse of running time at various parts of the freezing system when a superheat
establish value (S, C) and control period (t, sec) were fixed at 5 and 8, respectively.

The experiments were carried out at two stages of the proportional gain (P),

D~@the same as in Fig.6.

3(G), and 5(]).

Additional line close to line ® shows the temperature in the condenser.
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