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Abstract : This study proposed a hydrogen entrainment method to improve the efficiency of hydrogen fuel cells and
conducted a flow analysis based on changes in the nozzle exit diameter, mixing section diameter, and inlet mass flow rate
within the ejector of the hydrogen supply system. The pressure, velocity, and entrainment ratio were derived according to the
changes in internal geometry and inlet mass flow rate. The findings revealed that changes in the nozzle and mixing section
diameters are significant factors that influence the internal pressure variations and suction performance of the secondary
flow. A comparative analysis was performed using the entrainment ratio, which indicates the entrainment performance of the
gjector. Considering the hydrogen mole fraction at the outlet and the internal phenomena, such as backflow and shock waves,
the conditions of »,,= 60 LPM, D, = (-) 11 %, and Dy, = (+) 25 % resulted in an entrainment ratio of 7.21, demonstrating high
entrainment performance. For future ejector parameters, conducting further research considering flow characteristics, such as
backflow and shock waves, is recommended to improve entrainment performance.

Key words : Compressible flow(¥=4 -7-5), Ejector(°] A E), Entrainment ratio(A}<=2H&-), Hydrogen supply system(54~
ZGA|2AH]), Mach number(1}5} 52), Shock wave(&Z 1}
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ejector
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Table 1 Analysis conditions for CFD

Contents Conditions
Turbulence model RNGk- ¢
Working fluid Hs, H,O (Vapor)
Inlet 1 temperature (K) 298.15
Inlet 1 mass flow rate (LPM) 20, 40, 60, 80, 100, 110

Inlet 2 temperature (K) 333.15

Inlet 2 pressure (kPa) 45

Outlet pressure (kPa) 50

Table 2 Detailed dimensions of the nozzle and mixing section

Design parameters
Nozzle diameter (D) (-)11% | Base | (H)11%
Mixing section diameter (Dy,) | (-) 25 % | model | (+)25%
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Fig. 2 Validation of grid dependency through pressure
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(b) Pressure measurement results
Fig. 4 Pressure results from variations in nozzle and mixing
section diameters (1m;,=110 LPM)

Table 3 Mass flow rate in Inlet 2 (m,,=110 LPM)

Mass flow rate (LPM)
Dn

D (-)25% Base H)25%

)11 % 228.55 439.29 641.67

Base 223.46 432.39 615.51

11 % 218.01 416.03 587.54
She % BT F20IA Aol @ H4 BF Aok nd
Ao = ke

Velocity contour

) 25% Base model

(+)11%

(a) Velocity distributions

Mass flow rate = 110 LPM
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(b) Velocity measurement results

Fig. 5 Velocity results from variations in nozzle and mixing
section diameters (1m;,=110 LPM)
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(a) Mach number measurement results
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(b) Temperature measurement results

Fig. 6 Mach number and temperature measurements in the
mixing section
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Table 4 Entrainment ratio results (1n,;,=110 LPM)

Dm
D (-)25% Base H)25%
)11 % 2.08 3.99 5.83
Base 2.03 3.93 5.59
H 11 % 1.98 3.78 5.34

Flow direction
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Fig. 8 Observe backflow inside a diffuser with vectors
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Fig. 9 Pressure distribution results from mass flow rate variation
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