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Design of a combined ejector-vacuum pump system to provide low vacuum using a
gas dynamics model
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Abstract:

Achieving low absolute pressures is required in many industrial applications and remains a significant
challenge in fluid engineering, particularly when compact and economically viable vacuum-generation
systems are required for practical industrial applications. To achieve such low pressures, either high-
capacity vacuum pumps must be employed, which may not be cost-effective due to their high
procurement and maintenance costs, or multistage ejector vacuum supply systems must be used, which
can substantially increase the overall system dimensions. A combined ejector—vacuum pump system
consists of an ejector coupled with a vacuum pump and offers two main advantages. First, it prevents
excessive increases in the dimensions of the vacuum supply system, as occurs in multistage ejector
systems under demanding operating conditions. Second, it reduces the pressure load imposed on the
vacuum pump compared with a system based solely on a'vacuum pump, thereby enabling the use of a
lower-capacity vacuum pump. In this configuration, a supersonic air ejector initially generates the
required vacuum, in the range of a few millibars absolute, while increasing the pressure at the ejector
outlet to several hundred millibars. The outlet flow from the ejector diffuser subsequently enters the
vacuum pump, completing the vacuum generation process. In this study, the optimum operating point of
the ejector—-vacuum pump combination is determined from the intersection of the pressure—flowrate
characteristic curves of the ejector and the corresponding vacuum pump. Based on this methodology, a
combined ejector—vacuum pump system was designed and evaluated to provide a vacuum pressure of 40
mbar at a flow rate of 0.01 kg/s using a one-dimensional gas-dynamics model. The results demonstrate
that the MATLAB code developed for the one-dimensional gas-dynamics model of the supersonic air
ejector has an error of less than 3% compared with experimental results, confirming its capability to
accurately model the ejector vacuum supply system with satisfactory accuracy.

Keywords: Ejector, supersonic flow, vacuum supply, gas dynamics model, vacuum pump.



9 IS (B3 L Sl o by Jeles 3 0ol
s oSl jLad (5,8 L Sl po by LIS LS ()
Yol 4l as 6o VAFY Jlo o [P ol o TS
g assloy ool ahaio maw o LMt (55 L )982 5 oS>
Dsgad i lisl ) 355 Jae (8 slagialasl g b
) (1) S5 o opligl adlie o asllhas 590 ,5iS] Sslasts

el 00

7

w=w'+w"

Metering orifice for
secondary flow

ik
R =
k -4

gy &
/ / L
o= e = Straightening Kb -
B vanes K X
Deita P KD

=

;II
11
111
+4

1

)

T 1
(N
LLd

Primary supply line

- Strainer ~~—

(b)
(@F] e g LS 7l o Wlie )5 andllas 8,50 5S>l .Y S
Pl ol (g Spiles
The ejector studied in the article by J. Keenan et al. Figure 2
[6]: a) Schematic and b) Experimental setup
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Figure 1. Schematic of a supersonic air ejector [3]
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Figure 4. Comparison of the ratio of the area of the ejector
constant area region to the area of the nozzle throat obtained from
the one-dimensional model and the experimental results of B.
Huang et al. [8]
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Figure 3. Schematic of B. Huang's experimental setup [7, 8]
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Figure 5. Schematic, experimental setup and comparison of
numerical and experimental results of a two-fluid ultrasonic
ejector in the study of N. Bukharin et al. [9]: a) Schematic, b)
Experimental setup and ¢) Comparison of numerical and
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Figure 6. Schematic of the supersonic ejector design [8]
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Figure 7. Ejector design flowchart according to suction fluid
properties
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Table 2. Ejector design based on achieving maximum pressure
recovery for a main flow pressure of 1 bar (with the effect of drop

coefficients)

Stage 3 Stage 2 Stage 1 Parameter

155.6 81.6 28.5 d; (mm)

166.4 12.5 52.2 dpozzle exi (Mm)
2243 124 62.6 dconstant section (mm)

1.45 1.912 2.755 Nozzle Mach
29660 14682 4000 Pg (Pa)

1.377 0.158 0.01 & (kgls)

4433 1219 0.148 o, (kg!s)

5.809 1.377 0.158 e o1 (kgls)

67127 48000 21033 Max By oo orler (Pa)

PO, diffuser outlet (Pa)
60414 43200 18929
(90% max)

34071 29660 14682 P, diffuser outlet \P9)
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Table 1. Comparison of the experimental results of the study by L.
Chao et al. [12] and the MATLAB code of the one-dimensional

model of the present study, considering the boundary conditions
and dimensions of the stage 1 ejector of the above-mentioned

299.724 297737 .298.507 T, diffuser outter (K)
254477 267405  277.611 I, diffuser outlet (K)
Stage 5 Stage 4 Parameter
653 310 d; (mm)
679.3 323.6 dponnlo exiz (Mm)
876.1 4303 dconstant section (mm)
1.335 1.351 Nozzle Mach
34815 34071 Pg (Pa)
23.402 5.809 & (kgls)
78.063 17.593 o, (kg/s)
101.465 23.402 et (K2/s)
71398 70828 Max By giiser otlet \P9)
66400 65200 P(), diffuser outlet (Pa)

reference.
sk
Outlet pressure ¥
Pa) ( k_g : ( k_g ) Parameter
S S
1468 0.602 1.211 Reference [12]
1507 0.585 1.242 Current study
2.611 2.823 0.082 Error (%)
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27.9 1.2 d; (mm)
61 42 dnozzle exit (mm)
96.4 55.4 deonstant section (mm)
3.127 2.755 Nozzle Mach
20526 4000 P (Pa)
0.216 0.01 % (kg/s)
1282 0.206 e, (kg/s)
1.498 0.216 et (KS/s)
125721 28134 Max By gisiuser otlet (Pa)
P(), diffuser outlet (Pa)
85098 25335
(90% max)
64317 20526 P, diffuser outlet \P?)
299.281 297.074 To, diffuser outlet (K)
276.2772 279.736 Ts, diffuser outlet ()

90% max
( )

35341 34815 Ps, diffuser outlet (Pa)
294.059 296.184 TO, diffuser outlet (K)
245.571 247.576 Ts, diffuser outlet (K)
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Table 3. Ejector design based on achieving maximum pressure
recovery for a main flow pressure of 9 bar (with the effect of drop
coefficients)

Stage 2 Stage 1 Parameter
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Figure 8. Pressure-flow rate curve of the ejector (assuming a main
flow pressure of 1 bar and with the effect of loss coefficients) and
ASCO AVA series water ring pumps [13] to determine the
optimum point of the ejector and vacuum pump combination
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pump (50 Hz) and b) Combination with AVA 1806 water ring
pump (50 Hz)
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Figure 10. Pressure-flow rate curve of the ejector (assuming a
main flow pressure of 9 bar and with the effect of loss coefficients)
and ASCO AVA series water ring pumps [13] to determine the
optimum point of the ejector and vacuum pump combination
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Table 5. Ejector geometry specifications used in the combined
ejector-pump system to provide vacuum assuming a main flow
pressure of 9 bar

Combinatio Combinatio Combinatio Parameter
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Table 4. Ejector geometry specifications used in the combined
ejector-pump system to provide vacuum assuming a main flow
pressure of 1 bar

Combination Combination
with AVA 1806  with AVA 1206
. . Parameter
water ring pump  water ring pump
(50 Hz) (50 Hz)
16.8 9.9 d; (mm)
3.8 18.1 dnozzle exit (mm)
48.5 42.5 dconstant section (mm)
2.755 2.755 Nozzle Mach
4000 4000 Py (Pa)
0.01 0.01 &, (kg!s)
0.051 0.018 o, (kg/s)
0.061 0.028 o (kgls)
15000 11000 Max By yitiser otlet \P2)
PO, diffuser outlet (Pa)
11272 73633
(90% max)
306.883 32358 P, diffuser outlet \P9)
281.697 288.473 T, diffuser outtet \K)
1
o 1
e
| L ‘ |
(a)
B T T
b)
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Figure 9. Ejector geometry in a combined ejector-vacuum pump
system assuming a main flow pressure of 1 bar and with the effect
of drop coefficients: a) Combination with AVA 1206 water ring
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Figure 11. Ejector geometry in a combined ejector-vacuum pump
system assuming a main flow pressure of 9 bar and with the effect
of drop coefficients: a) Combination with AVA 800 water ring
pump (50 Hz), b) Combination with AVA 1206 water ring pump
(50 Hz) and c¢) Combination with AVA 1806 water ring pump (50
Hz)
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