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An Experimental Study on the Dynamic Characteristics of a
Refrigeration System with a Nozzle—assisted Electronic Expansion
Valve
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Abstract : This study experimentally investigated the dynamic characteristics of an Electronic Expansion
Valve(EEV)-only system compared to an EEV-nozzle (1.0 mm) combined system across various opening
ratios. Focusing on superheat hysteresis, the dynamic responses of mass flow rate, discharge pressure, and
cooling capacity were quantitatively analyzed during valve opening transitions. The results show that the
EEV-only system exhibits significant hysteresis at low openings due to non-linear flow responses.
Conversely, the EEV-nozzle configuration improves stability in the low-to-medium range by shifting
significant hysteresis to higher openings. This shift is attributed to the nozzle acting as a flow buffer that
mitigates abrupt variations, thereby extending the controllable range and enhancing overall system stability.
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ASH : Superheat hysteresis

SH;,. : Superheat during valve opening increase
SH ,, : Superheat during valve opening decrease
4 SH : Mean superheat hysteresis
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Fig. 1 Photograph of EEV and EEV with 1.0 mm

nozzle which installed at the heat exchanger
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Table 1 Specifications of experimental device Table 3 Test conditions of experiment test using
EEV and EEV with 1.0 mm nozzle
Compressor (W) 746
Water Air
Evaporator (k 3.86
p (kW) : EEV
Condenser (kW) 4.55 Type Tenpe- | Flow | Tempe fﬁ)lr Oper.ling
) EEV/ rature | rate | rature rat‘: ratio
Expansion EEV with 1.0 mm (©) [pm) | (©) | ot | (%)
valve type (m’/min)
Nozzle
Refrigerant R-134a EEV - 13
(DB 100
35 10 195 10 0
Heat exchanger Nozzle (VVBI) to
100
Table 2 Specification of measurement device
(Working fluid: R-134a)
Sensor Specification
Manufacture Omega
Type T-type
Thermocouple P P
Range -200 to 400C
- Accuracy +0.5C
0‘0 - Q'o Chamber Manufacture Setra
|Compressor
(746W) Air Sampler || g0 eFrmotor Model €206
q) V:Q: gty |/ \N/ \lj Pressure Type Gage pressure
0zzle
®50x1 transducer Range 0 to 1,000 psig
(fﬁl.';lll:’vrv) CP ¢4(\) x2 Accuracy +0.13% FS
o <>\/ Output 4 to 20 mA
%‘ @% (P Heat Exchanger Manufacture Omega
£ - K M N . 1 .
EEV with 1.0mm Nozzle Cord Tester ﬂoa\fls meter ﬂ(())vrvm?:te 50 kg/min
Fig. 2 Photograph of heat exchanger test device and Accuracy +0.02%
schematic diagram of EEV with 1.0 mm Range 3 to 20 LPM
nozzle system Water Accuracy +1%
flow meter Pressure 20 bar
o V(32074 (£05)"+ (£0.5)+ (£0.25)° 6% (2) Output 4 to 20 mA
4
Manufacture Light Star
FAE 2B A AE 4 () olgsto] Ao | Wat Model KTG 12625
transducer Load 0 to 500 Q
WgE Advt 5 30 sekstug stgov,
V)
EEV Alo] W HEAS 24817 fisto] Fs 3 Acuracy | 202%
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Fig. 3 Variation of mass flow rate with opening rate

of the EEV and nozzle-installed systems
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10 20 30 40 50 60 70 80 90 100

Openging ratio (%)
Fig. 4 Variation of discharge pressure with opening

rate of the EEV and nozzle-installed systems
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Fig. 6 Variation of cooling capacity with opening

rate of the EEV and nozzle-installed systems
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