
This project has received funding from the European Union’s Horizon 
2020 research and innovation programme under Grant Agreement nº 
851541

Experimental testing of a 
commercial compressor
with two-phase flows

Nicolas Leclercq, ULiège

Technological Workshop — March 22nd, 2023 (online)



ULiege’s role in the REGEN-BY-2 project

● Development of a scroll compressor deterministic model 
working with two-phase flows in order to carry out a sensitivity 
analysis for the design a new optimized prototype (done).

● Development a test bench in order to test scroll compressors 
under two-phase conditions (done).

● Testing of an off-the-shelf compressor, and of the lab-scale 
two-phase optimized prototype (current task).
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Experimental setup
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● Test bench dedicated to the testing of two-phase 
compressor (fluid R1233zd and oil POE 
EMKARATE RL32)

● Adjustable inlet pressure with the heat exchangers
and heating resistor

● Adjustable pressure ratio and inlet qualities with
the help of controllable expansion valves 

● Adjustable compressor speed with a variable 
frequency drive

● Adjustable oil circulation ratio (OCR) with an oil
separator and an oil expansion valve 



Experimental setup
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• HX1 – Oil cooler
• HX2 – Condenser
• HX3 – Subcooler
• Cp – Compressor
• HR – Heating Resistor
• S – Oil separator
• Ft – Filter
• LT – Liquid Tank
• T – Torquemeter
• F1 – Two-phase Coriolis Flowmeter
• F2 – Liquid Coriolis Flowmeter
• F3 – Oil Flowmeter
• F4 – Two-phase Coriolis Flowmeter
• F5 – Vapor Flowmeter
• V1 – Oil Control Valve
• V2 – Vapor Control Valve
• V3 – Liquid Control Valve
• C1 – Control Loop Inlet Quality and Outlet Pressure
• C2 – Control Loop Oil Circulation Rate
• ----- Refrigerant Vapor Line
• ----- Refrigerant Liquid Line
• ----- Oil Line
• ----- Mixture Line
• ----- Water line



Experimental setup
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Assumptions
● No refrigerant in the oil line assumed (sufficient

superheat at the resistor outlet, which is not 
verified→ still being investigated) 

● No oil in the vapor phase (refrigerant only)

● Thermal equilibrium assumed:

○ The temperature seems constant along the 
mixing line (tested with two temperature
sensors) 

○ However, may not be verified for every point

● No thermal losses in the mixing line is assumed →
energy balance used for the determination of the 
inlet quality
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Compressor tested
Built-in volume ratio 𝑟𝑣 [-] 2.3

Swept volume 𝑉𝑠 [cm³] 86.2

Shaft speed 𝑁 [RPM] [1000:5000]
Range of temperature [°C] [-40:125]



Inlet quality determination

● ℎ𝑚𝑖𝑥 = ℎ𝑠𝑢,𝑐𝑝

● ቐ
ℎ𝑚𝑖𝑥 = 𝑧𝑜𝑖𝑙. ℎ𝑜𝑖𝑙 𝑇𝑜𝑖𝑙 + 𝑄𝑚𝑖𝑥. ℎ𝑟,𝑣 𝑃𝑣, 𝑇𝑣 + 1 − 𝑄𝑚𝑖𝑥− 𝑧𝑜𝑖𝑙 . ℎ𝑟,𝑙 𝑃𝑙, 𝑇𝑙
ℎ𝑠𝑢,𝑐𝑝 = 𝑧𝑜𝑖𝑙. ℎ𝑜𝑖𝑙 𝑇𝑠𝑢 + 𝑄𝑟𝑒𝑎𝑙. ℎ𝑟,𝑣 𝑃𝑠𝑢, 𝑇𝑠𝑢 + 1 − 𝑄𝑟𝑒𝑎𝑙− 𝑧𝑜𝑖𝑙 . ℎ𝑟,𝑙,𝑠𝑎𝑡 𝑇𝑠𝑢

● 𝑄𝑚𝑖𝑥 = ൗ
ሶ𝑚𝑣𝑎𝑝

ሶ𝑚𝑡𝑜𝑡

● 𝑧𝑜𝑖𝑙 = ൗሶ𝑚𝑜𝑖𝑙
ሶ𝑚𝑡𝑜𝑡

● Remaining unknown: 𝑄𝑟𝑒𝑎𝑙
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Definition of the isentropic efficiency

To define the isentropic enthalpy for a two-phase mixture, two unknowns
have to be defined:

● The isentropic temperature 𝑇𝑖𝑠

● The isentropic vapor quality 𝑄𝑖𝑠

Exhaust isentropic enthalpy defined as:

ℎ𝑒𝑥,𝑖𝑠 = 𝑄𝑖𝑠 . ℎ𝑟,𝑣 𝑇𝑖𝑠, 𝑃𝑒𝑥 + 𝑧𝑜𝑖𝑙 . ℎ𝑜𝑖𝑙 𝑇𝑖𝑠 + 1− 𝑄𝑖𝑠 − 𝑧𝑜𝑖𝑙 . ℎ𝑟,𝑙,𝑠𝑎𝑡(𝑇𝑖𝑠)

Using the conservation of entropy and the oil solubility equation (Raoult’s law):

𝑠𝑠𝑢,𝑐𝑝 = 𝑧𝑜𝑖𝑙 . 𝑠𝑜𝑖𝑙 𝑇𝑠𝑢, 𝑃𝑠𝑢 + 𝑄𝑠𝑢 . 𝑠𝑟,𝑣 𝑃𝑠𝑢, 𝑇𝑠𝑢 + 1 − 𝑄𝑠𝑢 − 𝑧𝑜𝑖𝑙 . 𝑠𝑟,𝑙,𝑠𝑎𝑡 𝑇𝑠𝑢
𝑠𝑒𝑥,𝑐𝑝,𝑖𝑠 = 𝑧𝑜𝑖𝑙 . 𝑠𝑜𝑖𝑙 𝑇𝑖𝑠, 𝑃𝑒𝑥 + 𝑄𝑖𝑠 . 𝑠𝑟,𝑣 𝑃𝑒𝑥, 𝑇𝑖𝑠 + 1 − 𝑄𝑖𝑠 − 𝑧𝑜𝑖𝑙 . 𝑠𝑟,𝑙,𝑠𝑎𝑡 𝑇𝑖𝑠
ത𝑄𝑖𝑠 − 1 − ҧ𝑧𝑜𝑖𝑙 . 𝑃𝑠𝑎𝑡 𝑇𝑖𝑠 = 𝑃𝑒𝑥. ത𝑄𝑖𝑠 − 1
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𝜀𝑖𝑠 =
ሶ𝑚𝑡𝑜𝑡 . (ℎ𝑒𝑥,𝑖𝑠 − ℎ𝑠𝑢)

ሶ𝑊𝑠ℎ𝑎𝑓𝑡,𝑐𝑝



Definition of the volumetric efficiency
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𝜀𝑣 =
ሶ𝑚𝑡𝑜𝑡

𝑁. 𝑉𝑑𝑖𝑠𝑝. 𝜌𝑠𝑢

With    𝜌𝑠𝑢−1= 𝑄. 𝜌𝑟,𝑣−1 𝑇𝑠𝑢, 𝑃𝑠𝑢 + 𝑧𝑜𝑖𝑙. 𝜌𝑜𝑖𝑙
−1 𝑇𝑠𝑢 + 1 − 𝑄 − 𝑧𝑜𝑖𝑙 . 𝜌𝑟,𝑙,𝑠𝑎𝑡

−1 (𝑇𝑠𝑢)



Post-processing with GPExp
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Isentropic efficiency predictions Volumetric efficiency predictions

● Prediction tool to “interpolate” the 106 points recorded in five dimensions (inlet 
pressure, pressure ratio, compressor speed, inlet quality and OCR)

● Allows to do a cross-validation of the results 



Results: volumetric efficiency
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N = 1500 RPM, OCR = 10%, P_su = 1bar N = 4000 RPM, OCR = 10%, P_su = 1bar 

● Volumetric efficiency decrease with the decrease of the inlet quality and the increase of 
the pressure ratio, can be explained by the inlet heat transfer 

● Better efficiencies for higher speeds, may be caused by a sealing effect



Results: isentropic efficiency
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N = 1500 RPM, OCR = 10%, P_su = 1bar N =4000 RPM, OCR = 10%, P_su = 1bar 

● Maximum with regards to the pressure ratio shifted towards lower pressure ratios when 
decreasing the vapor quality → increase of undercompression losses and decrease of 
overcompression losses 

● Coupled with a low volumetric efficiency → bad efficiencies for low vapor qualities 
● Increasing the speed shifts the maximum towards higher pressure ratios (less backflow)



Conclusions and next steps
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● Successful experimental campaign of a commercial compressor tested with two-phase 
refrigerant-oil mixture conditions, down to low vapor qualities (0.35), under the given 
assumptions

● Use of a prediction tool to post-process the results, using a cross-validation to validate 
them

● Volumetric efficiencies quite low and decreasing for low vapor qualities and high 
pressure ratios (down to 60% for a  low speed)

● Same conclusion regarding the isentropic efficiency (down to 35% for a low speed)

● Next step: testing of the Exoes compressor, that has a higher built-in volume ratio and 
larger inlet and discharge port to decrease the pressure losses
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