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Abstract: An experimental investigation has been conducted to characterize the performance of a two-phase ejector with different 

mixing tube length ratios. In a two-phase ejector with an optimum mixing tube length, complete mixing between a primary jet and 

suction flow can occur within the mixing tube. Because geometrical and operating parameters have interconnected effects on ejector 

performance, the ejector design should be optimized by simultaneously considering these parameters, to achieve higher performance 

in two-phase ejector application systems. Measurements have been performed in ejectors with five mixing tube length ratios, all with 

a diffuser area ratio of 3.0. Primary and suction-flow rates at their respective inlets, together with the static pressures at the inlets, have 

been measured using mass flowmeters and pressure transducers. All tests have been carried out within a Reynolds number ranges of 

0.99 × 105 - 2.66 × 105. The results indicate significant improvements in entrainment and pressure-lifting with an increase in the mixing 

tube to critical length ratio of 16.67. The enhancement in entrainment is due to the increase in traction force, resulting from the en-

hancement of the mixing between the primary jet and suction flow, whereas the enhancement in pressure lifting is due to the decrease 

in mixed flow velocity because of the mixing enhancement. 
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Nomenclature 

A area [mm2] 
AR area ratio 
Cd discharge coefficient 
d diameter [mm] 
L length [mm] 
LR length ratio 
MR entrainment or mass ratio 
P pressure [bar] 
PDN pressure drop in primary nozzle [bar]
PLD pressure lift in diffuser [bar] 
PLR pressure lifting ratio [%] 
PSC pressure in suction chamber [bar] 
Q volume flow rate [m3/s] 
Re Reynolds number
u velocity [m/s] 

  

Greek letters 

 suction chamber semi-cone angle [°] 

 diffuser semi-cone angle [°] 
δ diameter ratio of primary nozzle outlet to inlet 

η ejector efficiency [%] 
φ volume flow rate ratio of suction air to pri-

mary water 
 density [kg/m3] 
γ density ratio of suction air to primary water 

ν kinematic viscosity [m2/s] 
 

Subscripts 

c suction chamber 
d diffuser 
m mixing tube 
n primary nozzle 

p primary flow inlet or primary fluid 
s suction flow inlet or suction fluid 

   

1. Introduction 

  The ejector provides a three-fold effect: entrainment, mixing, 

and pressure lifting. Entrainment, defined as the mass ratio of 

suction flow rate to primary flow rate, is a direct measure of the 

mass entrained by the ejector. The pressure-lifting ratio is the 
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ratio of lifted pressure at diffuser outlet to suction inlet pressure. 

It is a direct means of pressure lifting that the ejector can provide 

to the entrained stream. Ejectors are preferred for systems with 

corrosive liquids or other hazardous fluids that are difficult to 

transfer using conventional pumps and compressors. Within the 

ejector, a high-pressure primary fluid enters a suction chamber 

through a nozzle and expands. This primary fluid converts pres-

sure energy into velocity. The increased velocity causes reduced 

pressure, which sucks in and entrains a secondary fluid from the 

atmosphere or secondary fluid storage facilities. The low-pres-

sure secondary fluid mixes with the high-pressure primary fluid 

in the suction chamber and mixing tube located downstream of 

the nozzle. The diffuser section recompresses the mixture stream 

to an intermediate pressure [1]. 

The primary objective of research on two-phase ejector appli-

cation systems is to improve the performance of the systems. For 

example, in a refrigeration cycle, a two-phase ejector can be 

used to entrain and compress vapor at evaporator outlets, re-

sulting in a higher compressor suction pressure and improved 

cycle performance. Many studies have focused on the effect of 

primary nozzle design parameters on the performance improve-

ment of application systems [2]. The parameters include the noz-

zle outlet position [3], primary nozzle throat diameter and angle 

[4]-[8], and length-to-throat diameter ratio [9][10]. The parame-

ters were the primary nozzle throat diameter and angle, length-

to-throat diameter ratio, and nozzle outlet position. Although the 

efficiency of the two-phase ejector plays a pivotal role in enhanc-

ing the performance of ejector application systems, it is often 

overlooked in favor of other factors. Opletal et al. [11] have de-

veloped a method for designing an upflow ejector loop reactor 

for coalescent systems with respect to the different energy dissi-

pations and mechanisms of interfacial mass transfer in the ejector. 

Measurements and correlations of the gas entrainment rate and 

oxygen volumetric mass transfer coefficient have been reported 

to describe their dependence on operating conditions, for various 

geometries of the ejector. Im and Song [12] have conducted ana-

lytical and experimental investigations to characterize the perfor-

mance of a short ejector. They suggest a new analytical model 

for a short ejector, with the mixing tube length set based on con-

trol volume analysis and jet expansion model. Akagi et al. [13] 

have investigated the pressure-lifting characteristics of a two-

phase ejector for application in a carbon dioxide heat pump cycle. 

The geometric parameters are the diameter and length of the con-

stant-area mixing tube and primary nozzle position. Park and 

Yang [14]-[16] have experimentally investigated the flow and 

mass transfer characteristics of vertical and horizontal aeration 

processes with the design parameters of an orifice or annular 

ejector. 

A two-phase ejector can be used as an alternative device for 

advanced refrigeration technologies because of its capability in 

recovering the expansion energy that is generally lost during is-

enthalpic expansion in conventional vapor-compression refriger-

ation cycles. Expansion work recovery is a means of improving 

overall cycle performance [17]. A two-phase ejector uses the ex-

pansion of a high-pressure primary liquid to entrain low-pressure 

suction vapor and increase its pressure, as shown in Figure 1. 

Figure 1 shows a schematic cycle layout of an advanced two-

phase ejector refrigeration system. In a refrigeration system, a 

two-phase ejector can be used to entrain and compress vapor at 

the evaporator outlet, resulting in higher compressor suction 

pressure and reduced compressor input power. In this system, en-

trainment and pressure-lifting characteristics are the key perfor-

mance metrics of two-phase ejectors. Although our understand-

ing of each performance parameter in ejector application systems 

has been steadily advancing, simultaneously investigating the 

performance parameters is desirable. However, to the best of our 

knowledge, only a few studies have explored the two-phase ejec-

tor itself to simultaneously investigate the entrainment and pres-

sure-lifting characteristics with the design parameters [2][4]. 

The performance of two-phase ejectors must be sufficiently 

high for a sufficiently broad range of conditions to justify their 

use and associated costs. However, the traction force for the en-

trainment of the suction fluid and static pressure within the two-

phase ejector vary with the mixing tube length, and the pressure-

lifting behavior differ according to the entrainment ratio and dif-

fuser design. Simultaneously describe performance parameters, 

as well as understanding the quantification of the ejector perfor-

mance is significant. Therefore, the objective of this study is to 

experimentally investigate the entrainment ratio (MR) and pres-

sure lifting ratio (PLR) inside a two-phase ejector simultaneously 

with mixing tube length ratios (LRm) of 5.0, 7.67, 12.67, 16.67 

and 19.67, within a Reynolds number range of 0.99 × 105 - 2.66 

× 105. 

Generally, an optimum mixing tube length provides the maxi-

mum entrainment rate for the suction fluid in a two-phase ejector. 

A lower length can cause inefficient mixing of the two streams, 

leading to a decrease in the traction force of the suction flow. 

However, a higher length can result in a considerable friction 
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loss, leading to a negative impact on the pressure lifting. There-

fore, an optimization procedure for proper ejector design is cru-

cial for application purposes. 

Figure 1: Schematic layout of an ejector refrigeration system 

2. Experimental Setup and Methods

2.1 Central Nozzle Ejector 
A two-phase ejector is a type of gas-liquid contactor that di-

rectly transfers energy and momentum from a high-energy pri-

mary fluid to a low-energy suction fluid, and mixes the two flu-

ids. Figure 2 shows an experimental ejector model along with its 

main internal parts and geometrical dimensions. The ejector was 

designed to offer flexibility for design parameter variation in the 

experimental ranges. The ejector was of the central nozzle type, 

characterized by a primary jet line positioned at the center, with 

the suction flow line located on the outside. The ejector had a 

suction chamber, parallel mixing tube, and conical diffuser, all 

featuring circular cross sections. Table 1 summarizes the detailed 

geometric specifications of the ejector. A round-edge orifice-type 

primary nozzle with an outlet diameter of 8 mm was used, result-

ing in a primary nozzle area ratio (ARn) of 0.28 (Equation (1)). 

In Equation (1) ARn is defined as the area ratio of the primary 

nozzle outlet to the mixing tube. The semi-cone angle of the suc-

tion chamber () was 46.4°. The mixing tube-to-primary nozzle 

tip spacing (Ln) was 13 mm, resulting in a primary nozzle dis-

tance ratio (LRn) of 0.87, as calculated by Equation (2) [18]. The 

mixing tube length was varied from 75 mm to 295 mm, resulting 

in mixing tube length ratios (LRm) of 5.0, 7.67, 12.67, 16.67, and 

19.67. The LRm values were determined by dividing the mixing 

tube length by its diameter, as defined in Equation (3). A conical 

diffuser with an outlet diameter of 26 mm yielding an area ratio 

(ARd) of 3.0, was employed. The ARd ratio was is calculated us-

ing Equation (4) as the ratio of the diffuser outlet area to the 

mixing tube area. The length of the diverging section of the dif-

fuser (Ld) was 100 mm, resulting in a diffuser semi-cone angle 

(β) of approximately 3.15°. Table 2 lists the mixing tube lengths 

and diffuser outlet area ratios, which are the experimental param-

eters used in this study. An O-seal was used to prevent leakage 

between the fixed and movable pieces of the ejector. In addition, 

three pressure taps were installed on the ejector walls at the pri-

mary flow inlet, primary nozzle outlet, and diffuser outlet. The 

primary nozzle area, primary nozzle distance, mixing tube 

length, and diffuser outlet area ratios are defined as follows. 

𝐴𝑅௡ ൌ
ௗ೙

మ

ௗ೘
మ                (1) 

𝐿𝑅௡ ൌ
௅೙

ௗ೘
   (2) 

𝐿𝑅௠ ൌ
௅೘

ௗ೘
      (3) 

𝐴𝑅ௗ ൌ
ௗ೏

మ

ௗ೘
మ (4) 

Figure 2: Schematic of the central nozzle ejector 

Table 1: Geometric specifications of the central nozzle ejector.

Item Values [mm]
Primary flow inlet diameter, dp 15

Primary nozzle outlet diameter, dn 8
Suction flow inlet diameter, ds 24

Mixing tube-to-nozzle length, Ln 13
Mixing tube diameter, dm 15
Mixing tube length, Lm 75, 115, 190, 250, 295

Diffuser length, Ld 100
Diffuser outlet diameter, dd 26

Table 2: Experimental parameters. 

Item Values
Motor-pump speed (rpm) 500 – 1,400

Primary flow pressure (bar) 2.17 – 10.6
Primary flow rate (m3/s) 5.75 – 15.36(×10-4)

Reynolds number 0.99 – 2.66(×105)
Mixing tube length ratio, LRm 5.0, 7.67, 12.67, 16.67, 19.67
Diffuser outlet area ratio, ARd 3.0 

2.2 Experimental Setup 
The experimental apparatus with a central nozzle ejector was 
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designed to operate as a closed circulation loop, as shown in Fig-

ure 3. It consisted of an electric motor-pump, central nozzle ejec-

tor assembly, circulation water tank, and measurement or control 

accessories (i.e. data acquisition system, water and air flow me-

ters, pressure and vacuum transducer, control valve and panel). 

The primary flow was supplied through the circulation water tank 

by a 7.5 kW induction motor with a vertical multistage pump. All 

experiments were conducted in a rectangular tank of 1.66 m 

length, 0.46 m width, and 0.8 m height. The water tank was com-

posed of transparent acrylic. The ejector diffuser outlet was 

placed on the shorter plane side wall such that its axis lied hori-

zontally 0.2 m above the bottom and at the middle of the side 

wall. 

Figure 3: Schematic of the experimental setup 

2.3 Experimental Method 
In the two-phase jet experiments [18], the tank was filled with 

clean tap water circulated through the central nozzle ejector using 

an electric motor -pump. The primary water jet from the nozzle 

was controlled by varying the speed of the motor -pump from 

500 to 1,400 rpm in increments of 100 rpm, as shown in Table 2. 

With the speed variation, the pressure at the primary water inlet 

was varied from 2.17 to 10.6 bar (all pressures quoted are abso-

lute). Suction air was entrained from the atmosphere and the 

mixed flow was discharged into the circulation water tank. The 

volumetric primary water flow rate Qp supplied by the motor -

pump was regulated by rpm control and measured using an elec-

tromagnetic flowmeter (Kometer, KTM-800) at the primary noz-

zle inlet. The volumetric suction air-flow rate, Qs, was measured 

using a thermal digital mass flowmeter (MKP, TSM-D240) at the 

suction chamber inlet. The accuracies of the flow measurement 

were within ±0.5 and ±1.0 % of the full scale for primary water 

and suction air, respectively. All experiments were carried out 

with tap water and air at 211 and 241 ℃, respectively. 

The Reynolds number Re=dnun/νp was calculated based on the 

primary nozzle outlet diameter and the averaged cross-sectional 

flow velocity at the nozzle outlet, where νp is the kinematic vis-

cosity of the primary fluid (tap water). The cross-sectional flow 

velocity was the ratio of the volume of the primary flow rate (Qp) 

to the area of the primary nozzle outlet (An) [19]. 

The entrainment or mass ratio (MR) is defined as the ratio of 

the suction flow rate to the primary flow rate, as expressed in 

Equation (5). 

𝑀𝑅 ൌ
ఘೞ⋅ொೞ

ఘ೛⋅ொ೛
ൌ 𝛾 ⋅ 𝜙 (5) 

where  and  are the density and volumetric flow ratios, respec-

tively, for the suction air to the primary water. The mass ratio 

measures the capacity of the ejector to draw suction fluid. 

Static pressures at the inlet and outlet of the primary nozzle (Pp, 

Pn) and the diffuser outlet (Pd) were measured using a 5-channel 

digital data logger (HANYOUNG NUX, GR200) with digital 

pressure transducers (WIKA, A-10) with an accuracy of 0.5% of 

the full scale. By substituting Pn for Ps (pressure in the suction 

chamber, PSC), the pressure drop in the primary nozzle (PDN) 

and pressure lift in the diffuser (PLD) were calculated using 

Equations (6) and (7), respectively. With PSC and PLD, the 

pressure lifting ratio (PLR) is defined by Equation (8).   

𝑃𝐷𝑁 ൌ  𝑃௣ െ 𝑃௦  (6) 

𝑃𝐿𝐷 ൌ  𝑃ௗ െ 𝑃௦   (7) 

𝑃𝐿𝑅 ൌ
௉௅஽

௉ௌ஼
  (8) 

Based on the measurement results of the static pressures, the 

ejector efficiency is given as [20][21]  

𝜂 ൌ
௉ೞ⋅థ⋅௟௡ ௉೏/௉ೞ

௉೛ି௉೏
  (9) 

where the numerator is the ejector output for the compression of 

the suction fluid, and the denominator is the energy input rate of 

the primary stream, as defined by [20]. 

To calculate the discharge coefficient Cd, assuming that the po-

tential energy between the primary nozzle inlet and outlet is neg-

ligible and that the density of the primary fluid is constant and 

independent of pressure, Bernoulli’s equation is given as [22] 

௉೛
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         (10) 



Experimental investigation of the entrainment and pressure lifting characteristics of two-phase ejectors 

Journal of Advanced Marine Engineering and Technology, Vol. 48, No. 1, 2024. 2          18 

For the actual primary fluid (tap water), by introducing a dis-

charge coefficient, Equation (10) can be rearranged and rewrit-

ten as 

PDNA

Q
C p

n

p
d 2

)1( - 4
    (11) 

where δ is the diameter ratio of the primary nozzle outlet to the 

primary flow inlet. The PDN across the primary nozzle, which is 

the pressure drop that occurs as the fluid is discharged from the 

nozzle outlet to the suction chamber, varies according to the noz-

zle design, suction chamber environment, fluid type, and friction 

losses. The discharge coefficient for each test run was determined 

from experimental data using the design parameters. 

Experimental uncertainty analysis was performed following 

the NIST guidelines [4][23]. Uncertainties in the measured data 

for the flow rate and pressure were checked separately. The esti-

mated uncertainties of MR and PLR were determined based on 

the primary and suction flow rates and pressure data and have 

values of 2.32 and 14.67%, respectively, with a 95% confidence 

level. The test matrix used in this study was organized as follows. 

For one primary flow nozzle, five parallel mixing tubes of vary-

ing LRm for an ARd of 3.0, were tested to investigate the charac-

teristics of MR and PLR. From each test run, the primary and 

suction flow rates at the primary nozzle and suction inlets, and 

static pressure data at three locations along the ejector were ob-

tained. 

3. Results and Discussions

Figure 4 shows the pressure in the suction chamber PSC and 

pressure lift in the diffuser PLD as functions of Re obtained for 

the mixing tube length ratio LRm at a diffuser outlet area ratio 

ARd of 3.0. The calculated Reynolds numbers based on the pri-

mary nozzle outlet velocity and nozzle exit diameter ranged from 

0.99 × 105 to 2.66 × 105, as shown in Table 2. The range of Re 

values expected to be more efficient for the mixing and mass 

transfer processes was consistent with the results of Lima Neto 

et al. [24]. The absolute PSC decreased linearly with increasing 

Re owing to the enhancement in the suction vacuum pressure. 

This enhancement resulted from an increase in the primary flow 

velocity at the nozzle exit. As the mixing tube LRm increased, the 

PSC reduced, owing to the enhancement in the suction vacuum 

pressure. Figure 5 illustrates the enhancement mechanism of the 

suction vacuum pressure.  

Figure 4: PSC (a) and PLD (b) with mixing tube length ratios as 

a function of Re 

Figure 5: Schematic of the suction pressure decrease with mix-

ing tube length [12] 

As the mixing tube lengthened, more mixing or a higher in-

crease in static pressure occurred within the mixing tube. How-

ever, the diffuser outlet pressure remained constant at the same 

pressure as that of the water tank. Therefore, the static pressure 

Ps at the suction inlet with a longer mixing tube must decrease, 

leading to an increase in the suction vacuum pressure, as demon-

strated by Im and Song [12]. With increasing LRm, the reduction 

rate of the PSC decreased, resulting in a nearly constant value. 

However, with increasing Re, the absolute PLD increased be-

cause of the enhancement in momentum transfer from the higher-

pressure primary jet to the lower-pressure suction flow. As the 

mixing tube lengthened, the PLD increased owing to the mixing 
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enhancement as well as the enhancement in the momentum trans-

fer between the two streams. However, with a longer mixing tube 

length and higher Re, the rate of increase of the PLD reduced, 

because of the increase in pressure drop resulting from the fric-

tional loss in the mixing tube wall. 

The length of the parallel mixing tube played an important role 

in creating a uniform velocity profile at the diffuser inlet of the 

two-phase ejector. The uniform velocity was due to the momen-

tum transfer from the high-pressure primary jet to the low-pres-

sure suction flow and the mixing enhancement between the two 

streams. Uniformity of velocity was essential to increase the en-

trainment of the suction fluid and decrease the induced losses in 

the diffuser, and consequently, for efficient pressure lifting. Fig-

ure 6 plots the effect of the mixing tube length on MR as a func-

tion of Re or PSC for ARd 3.0. The MR increased with increasing 

Re and then decreased slightly. This variation occurred because 

as Re increased, the incompressible primary water flow rate in-

creased monotonically and, the compressible suction air flow rate 

increased; however, the increasing rate of the compressible suc-

tion air flow reduced. Although the suction vacuum pressure in-

creased or PSC decreased linearly with increasing Re, as shown 

in Figure 4, the rate of increase of the compressible suction air 

flow reduced at a relatively higher value of Re because the re-

sistance of the suction air flow was enhanced, owing to the com-

pressibility effect [14][15]. In addition, the reduction in the rate 

of increase of the suction air flow was attributed to the reduced 

suction chamber area owing to the expanding primary liquid jet 

at a relatively higher Re [11]. As LRm increased, the entrainment 

performance was enhanced up to an LRm of 16.67 and then re-

mained nearly constant. This entrainment enhancement was due 

to an increase in the traction force or suction vacuum pressure as 

described in Figure 4 and illustrated in Figure 5. The increase in 

the traction force for the suction flow may be due to the mixing 

enhancement between the two streams within the mixing tube 

and the discharge of the uniform mixed flow from the mixing 

tube outlet, resulting from an increase in the interaction length, 

and consequently the surface for momentum transfer. Mixing en-

hancement and a uniform discharge flow may lead to an en-

hanced traction force on the suction fluid. On the other hand, for 

shorter length ratios, the lower entrainment characteristics may 

be ascribed to the fact that non-uniform mixed flow in which the 

core of the primary jet still exists is discharged from the mixing 

tube outlet owing to partial mixing, thus leading to reduced 

traction force for the suction flow. The variation in the MR with 

PSC differ from that in the MR with Re because of the inverse 

relationship between Re and PSC, as shown in Figure 4. MR has 

a maximum value at approximately Re = 2.12 × 105 or PSC = 0.5 

bar for an LRm of 16.67. 

Figure 6: MR with mixing tube length ratios as a function of 

Re (a) and PSC (b) 

To confirm the variation in MR with LRm, the discharge coef-

ficient Cd was calculated using Equation (11). Figure 7 shows 

the variation of Cd as a function of Re with the mixing tube length 

ratio LRm as a parameter. With the lengthening of the mixing tube 

up to an LRm of 16.67 the discharge coefficient decreases 

whereas further lengthening of the mixing tube has little effect 

on Cd. The decrease in Cd may be due to the fluid dynamic inter-

action between the entrained suction flow and the flow area oc-

cupied by the primary jet inside the two-phase ejector. This is 

because with increasing MR, the actual area available for the pri-

mary jet decreases owing to the increase in the suction air-flow 

[25]. In addition, the reduction in Cd with lengthening of the mix-

ing tube up to an LRm of 16.67 is due to the increase in PDN, as 

can be seen from Equation (11). This reduction of Cd is opposite 

to the enhancement of MR with lengthening of the mixing tube 

up to an LRm of 16.67, owing to the decrease in PSC. Both the 

increase in PDN and the decrease in PSC were caused by the in-

crease in the suction vacuum pressure, as can be deduced from 

Equation (6) and the variation in PSC shown in Figure 4. There-

fore, it was confirmed that owing to the increases in the suction 

vacuum pressure, Cd reduced and MR increased up to an LRm of 

16.67. In addition, it was found that at a constant Re, the variation 
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in Cd with LRm is dependent only on PDN because the other pa-

rameters of Equation (11) have constant values. As Re in-

creased, Cd first increased linearly and then decreased slightly. 

The result is due to the fact that as Re rises, Qp and PDN increase 

linearly; however as shown in Equation (11), the denominator is 

proportional to the square root of PDN. 

Figure 7: Discharge coefficient with mixing tube length ratios as 

a function of Re 

Figure 8: Comparison of the experimental data with the corre-

lated data for Equation (12) 

To develop a correlation model for Cd as a function of Re and 

LRm, a linear regression method was used, and the result is given 

by Equation (12). The result is in agreement with the experi-

mental data within 0.78% average deviation and 1.45% maxi-

mum deviation, as illustrated in Figure 8. The model exhibited a 

correlation coefficient (R2) of 0.946 and standard error of esti-

mate of 0.0035. Based on this correlation, it was observed that 

Re had a greater effect on Cd than does LRm. 

005.0073.0Re258.0 -
md LRC   (12) 

In ejectors, the suction flow is entrained by the static pressure 

difference between the atmosphere and suction chamber. As the 

momentum transfer from the primary jet to the suction flow 

progressed, the static pressure increased along the parallel 

mixing tube. As the length of the mixing tube increased, a greater 

pressure increase occurred in the mixing tube because of the 

enhanced momentum transfer between the two streams. In an 

ideal case, the mixing tube should be sufficiently long to transfer 

the momentum completely and homogenize the two phases. A 

shorter length leads to a partial momentum transfer, whereas an 

excessive length leads to an additional pressure drop owing to 

wall friction. Figure 9 shows the effect of the mixing tube length 

on the PLR as a function of Re for an ARd of 3.0. The PLR was 

enhanced by increasing Re and LRm. The enhancement of PLR 

by Re occurs because as Re increases, PLD increases and PSC 

decreases, as shown in Figure 4. It was found that up to an LRm 

of 16.67, the lengthening effect of the mixing tube on the PLR 

increased, whereas beyond LRm, the effect decreased. The in-

crease in PLR with the lengthening of the mixing tube up to an 

LRm of 16.67 is due to the increase in PLD. The increase in the 

PLD resulted from the reduced mixing tube outlet velocity of the 

mixture flow owing to the mixing enhancement between the two 

phases. Further lengthening of the mixing tube has a negative ef-

fect on the PLR because of the additional pressure drop resulting 

from frictional resistance, thus leading to a decrease in the rate of 

increasing of the PLR. 

Figure 9: PLR with mixing tube length ratios as a function of Re 

Figure 10 shows the comparison of ejector efficiencies as a 

function of volume flow ratio (φ) for different primary nozzles 

and mixing tube length ratios. The ejector efficiencies of the 

present study with a round-edged orifice nozzle (RON) were 

compared with the results of Cunningham and Dopkin [20] and 

El-Sallak and Hefny [21]. The results of Cunningham and Dop-

kin were for round-edged orifice and round-edged converging 

nozzles (RONs and RCNs) with an LRm of 28, whereas those of 

El-Sallak and Hefny were for a RCN with two different LRms of 

16.15 and 20.27. The efficiencies of the present study are under 

estimated compared with the RON-1 and RCN results of Cun-

ningham and Dopkin, and those of El-Sallak and Hefny. How-

ever, the present result are in good agreement with the RON-3 
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results of Cunningham and Dopkin within the volume-flow ratio 

range of this study. The under estimated results in this study can 

be attributed to the primary nozzle design and operating condi-

tion [21][26]. It was found that the reported difference between 

RON-1 and RON-3 of Cunningham and Dopkin RCN was only 

the nozzle throat length, but the difference in efficiency was ap-

proximately 50% for the same volume-flow ratio. 

Figure 10: Comparison of ejector efficiency with volume flow 

ratio

Figure 11: MR (a) and PLR (b) with different Reynolds numbers 

as a function of LRm 

To achieve higher performance for a two-phase ejector appli-

cation system, the MR and PLR should also be high. However, 

there is a trade-off between the MR and PLR therefore, the ejec-

tor design should be optimized by considering these parameters 

simultaneously. Figure 11 shows the plots for the effect of the 

mixing tube length ratio on the MR and PLR at an ARd of 3.0 for 

different Reynolds numbers. The increase in Re results in MR 

enhancement to its maximum value, which occurs at Re of 2.12 

 105, and then decreases; whereas, as Re increases, the PLR in-

creases for all ranges of Re. It is apparent that the MR is less sen-

sitive to LRm at higher Re and is independent of LRm beyond a 

critical LRm, whereas the PLR increases linearly up to the critical 

LRm, and the increasing rate of the PLR decreases beyond the 

critical LRm for all ranges of Re. It is concluded that in the LRm 

and Re ranges of this research, MR has a maximum value of 

approximately 0.002 for the critical LRm of 16.67 at 

approximately Re = 2.12 × 105. It was also found that up to an 

LRm of 16.67, the momentum-transfer effect between the two 

streams with the lengthening of the mixing tube was predominant 

and overcame the pressure drop resulting from the friction loss 

within the mixing tube, thus leading to a linear increase in the 

PLR. 

4. Conclusion

Experimental investigations were conducted to characterize 

the entrainment and pressure-lifting characteristics of a two-

phase ejector with mixing tube length ratios. The following con-

clusions were drawn based on the results of this investigation: 

1. The correlation result of Cd as a function of Re and LRm is

in agreement with the experimental data within 0.78% av-

erage deviation, and Re has more effect on Cd than does

LRm. 

2. The MR exhibited a maximum value of approximately

0.002 for a length ratio LRm of 16.67 at approximately Re

= 2.12 × 105. In addition, up to the length ratio, PLR line-

arly increased with increasing Re, because the momentum

transfer effect between the higher pressure primary jet and

lower pressure suction flow is predominant, and overcomes

the pressure drop resulting from friction loss.

3. The entrainment enhancement with an increasing mixing

tube to the length ratio of 16.67 is due to the increase in the

traction force resulting from mixing enhancement between

the two streams, whereas the pressure lifting enhancement

is due to the decrease in the mixed flow velocity discharged


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from the mixing tube outlet because of the mixing enhance-

ment. 
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