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REVIEW OF EJECTOR NOZZLES.
PART 2 - MIXERS AND ADDITIONAL INFORMATION

The subject of this article is ejector nozzles, which are intended for the thrust augmentation of jet engines and
their corresponding flow mixers. The goal is to soften the acuteness of contradictions between the required high
performance (especially thrust augmentation) and compactness and between the conflicting objectives of
achieving a high mixing rate with low total primary flow pressure losses within a short overall length. The tasks
to be solved are as follows: revealing ways for thrust augmentation and external drag minimization of ejector
nozzles through analysis of turbofan forced lobe mixer investigations, experimental studies of the shape and
location of additional air intakes, experimental studies of shapes of afterbodies, and ejector investigations from
other fields of engineering. The following methods were used: search of corresponding information sources on
the Internet and analysis based on operational experience in the aviation branch. The following results were
obtained: in terms of found information sources, the most effective devices for mixing up the primary and the
secondary flows within short mixing ducts are forced lobe mixers; their advantages and disadvantages are
formulated; and three mechanisms responsible for the mixing process behind the lobe mixers were revealed. A
large number of experimental investigations of the characteristics of both the additional air intakes and
afterbodies of the fuselages and nacelles were considered. The development of both experimental and theoretical
ejector investigations in other engineering branches was analyzed. Conclusions. The scientific novelty of the
results obtained is as follows: 1) information from numerous sources of literature that characterizes lobe mixers
as devices for improving the ejector nozzle efficiency, and development of these mixer study by both theoretical
and experimental methods were collected in the review article; 2) recommendations as for selection the shape
and location of additional air intakes and afterbodies were revealed; 3) very limited applicability of the ejector
models, developed in other fields of engineering, for turbojet engine thrust augmentation was stated. Thus, the
development of a design methodology for thrust-augmenting ejector nozzles for micro-turbojets has been
revealed. The goal and challenges of the following research are outlined.

Keywords: gas-turbine engine; thrust augmenting ejector nozzle; thrust augmentation; entrainment ratio;
primary nozzle; ejector mixing chamber.

investigation of thrust augmenting ejectors intended for
gas-turbine engines. It was shown, that this problem was

Introduction

Development of engines for Unmanned Aerial
Vehicles (UAVs) is substantially related with searching
of the methods to increase thrust and decrease specific
fuel consumption of existing engines, which are already
in serial production stage. In this case, application of an
ejector nozzle can be an effective modification.

In modern manned aircraft, ejector nozzles are used
to increase thrust at hovering, vertical takeoff and landing
modes, to augment thrust during maneuvering, to reduce
harmful emissions, exhaust gas temperature (thus,
infrared perceptibility), and noise level.

Within a gas ejector, energy of a high-speed
primary gas flow it transferred to a secondary flow by
means of viscous forces; as a result, total mass flow rate
increases, and, in proper conditions, it is possible to
augment jet nozzle thrust with ejector.

In the first part [1] of the article, authors of this
publication presented review of studies devoted to

studied by analytical methods, 1D, 2D and 3D numerical
simulation methods, as well as by experimental methods,
and the results were published in numerous papers.
However, results presented in the literature are often
contradictory. Itis caused by presence of great number of
factors, influencing on the flow interaction within an
ejector and, particularly, on the thrust generation;
consequently, theoretical investigations are based on
different initial assumptions and leaded to different
results. Within considered sources, it was not succeed to
find any logically expounded designing method of thrust
augmenting ejectors for UAV turbojets. Thus,
development of this method is an urgent problem.

The review showed that one of the major processes,
influencing ejector nozzle thrust, is the flow mixing. In
case of incomplete mixing, as a rule, the thrust decreases.
Length of a cylindrical ejector, required for complete
mixing of the flows, is too large. As the increase of
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ejector shroud length unfavorably influences weight and
hydraulic drag; it is necessary to optimize the length, and
also to search methods and devices, which can intensify
mixing of the flows.

In the first section of this paper, it was presented a
review of publications on gas flow mixer development,
including those, which are used in turbofan engine
exhaust units, with the aim of comparative analysis of
possible structures, searching methods of their designing,
and analysis of their influence on ejector exhaust unit
properties. In the second section, the early performed
review of ejectors is supplement with the analysis of
studies on application of additional air intakes of
secondary flow and analysis of afterbodies air flow. In
the third section, ejector application in other fields of
engineering are considered.

1. Analysis of Investigations of Lobed
Turbofan Mixers

In the first approximation, lobed mixer nozzles
increase mixing by providing a much greater interface
between the hot core flow and cooler fan flow. By mixing
the core and fan flow in this manner, a small but
significant performance gain can be realized. The level
of gain depends on the trade-offs between the degree of
mixing of the two streams and the viscous losses incurred
in the mixing process [2].

1.1. Analysis of Experimental Researches
of Lobed Turbofan Mixers

R. W. Paterson [3] stressed that from an engine
design standpoint, the two important characteristics of
mixer nozzles are the ability to achieve thrust
augmentation as well as a more uniform nozzle exit plane
velocity profile relative to either separate primary and
secondary stream discharge configurations or common
tailpipe configurations having no forced mixing element.

In 1980, H. Kozlowski et al. [4] concluded that
increasing the number of lobes from 12 to 18 offered a
performance improvement; scalloping the mixer lobes
can improve overall performance; increasing the radial
penetration of the mixer also offered potential gains; but
care must be taken to avoid high pressure losses or
separation. In 1982, R. W. Paterson [3] noted that at the
nozzle exit, the velocity and temperature field was well
mixed-out with nearly uniform distribution in the
azimuthal direction. Flow detachment did not occur in
the lobe region. On the base of velocity, temperature and
total pressure distributions, the author concluded that
convection by the mean radial-azimuthal velocity field,
represented the dominant mechanism for nozzle mixing
and the extent of nozzle mixing by this circulation

depends upon the ratio of radial (which is proportional to
lobe penetration angle) to axial velocity rather than on the
absolute magnitude of the radial velocity component. In
1984, R. W. Paterson [5] noted two features of the axial
velocity field: 1) strong penetration of low axial velocity
stream fluid into the middle of the primary lobe region;
2) an outward displacement of high axial velocity
primary stream fluid. A two-stream mixing process
dominated by large-scale, radial-circumferential
convection rather than turbulent diffusion at the interface
between the two streams.

In 1999, S. A. Skebe et al. [6] presented results of
experimental investigation of 3D flow field in three
planar mixer lobe models, which provide complete,
rapid, and low loss mixing of two flows. The principal
result of this study was that the flows within forced
mixers were predominantly inviscid, with boundary layer
effects confined to lobe surface regions. Thus, the
streamwise vortex array emanating from the trailing edge
of such convoluted lobe surfaces was basically inviscid
in origin. The authors also stressed that the parallel-sided
mixer had less boundary layer thickness that sinusoidal
mixers.

1.2. Analysis of Investigations of Lobed
Turbofan Nozzles Using CFD Models

In1977, G. C. Paynter et al. [7] presented results of
the first numerical study (3D compressible viscous) of
flowfield in turbofan mixers. It was concluded that
substantial ~ discrepancy between prediction and
experimental data can be traced to the incorrect
assumption that the free mixer outlet flow was
axisymmetric. In1978, D. W. Roberts et al. [8] presented
results of 3D CFD analysis of mixing of two flows in a
mixer between a primary flow and a fan flow.

In 1980, L. A. Povinelli et al. [2] presented results
of 3D viscous CFD calculations and experimental
investigations of flow mixing downstream of a turbofan
mixer. It was shown that the generation of streamwise
vorticity plays a significant role in determining the
temperature distribution at the nozzle exit plane; the
centerbody shape and the horseshoe-shaped vortexes
may be important to the mixing process. In 1980,
B. H. Anderson et al. [9] presented results of CFD
investigations of turbofan forced mixer nozzles. The
calculation procedure [10, 11] was based on the
decomposition of the velocity field into primary and
secondary flow components which were determined by
solution of the equations governing primary momentum,
secondary vorticity, thermal energy and continuity. The
authors managed to simulate horseshoe-shaped vortexes
behind forced mixer. The complex secondary flow
structure that was found to exist in this forced turbofan
mixer nozzle was pressure controlled rather than
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turbulence controlled and dominated the mixing process.
This conclusion was supported by the low flow field
sensitivity to the use of either a k-¢ or wake turbulence
model. In 1981, B. H. Anderson et al. [12] presented
results of finite difference computations [10, 11] of flow
mixing for three configurations of lobe mixers. It was
shown that: 1) the dominant mechanisms in turbofan
forced mixers were associated with the pressure driven
secondary flows arising within the lobe region upstream
of the mixer and their development in the mixing region;
2) secondary flow generation at the lobe exit was caused
by three principal mechanisms: vorticity due to turning
(flap vorticity), passage vorticity, and horseshoe
vorticity. In 1982, M. J. Werle et al. [13] subdivided the
calculation process into three stages: a pre-analysis (2D
orthogonal coordinate system generation, its following
rotation about the axis of symmetry and initialization);
mixer flow calculation (numerical solution of the
governing equations); post processing and analysis of the
computed results (movement of the computed results to
a more convenient output planes to facilitate comparison
with other results, and calculation of general performance
parameters for the overall mixer nozzle). In 1984,
J. P. Kreskovsky et al. [14] stressed that the inlet
streamwise vorticity (generated by radial deflection of
the fan and turbine streams within the lobes) plays an
important role in the mixing process. In the same time,
authors noted that the predictions were insensitive to the
turbulence model.

In1984, L. A. Povinellyetal. [15] presented results
of computation of three different lobe mixers using the
CDF model [14]. On the base of these calculations, they
postulated three mechanisms responsible for the
generation of transversal flow within the lobes
themselves. The first one is due to the basic turning of the

fan and core streams in opposite radial directions, which
is the main, and basically an inviscid phenomenon and
results in outward radial core flow adjacent to inward
radial fan flow (Fig.1,a). The second mechanism is
"horseshoe™ vorticity and is due to the interaction of
upstream duct boundary layers with the lobe (Fig. 1, b).
However, inspection of the experimental radial and
tangential velocities at the lobe exit plane in the present
experiments did not indicate that any significant effects
were caused by this second mechanism. The third
mechanism is "passage"” vorticity, which occurs as the
core flow approaches the lobe exit and encounters the
narrow gap between the centerbody and the bottom of the
fantrough (Fig. 1, c), the vortex forms as flow washes up
around the side of the fan troughs.

In 2005, N.J.Copper et al. [16] considered
numerical simulation of the vortical structures in a
circular lobed jet mixing flow, using four different
turbulent models (ke standard, ke Realizable, ko
standard, and ko Shear Strain Turbulence (SST)). The ke
Realizable turbulent model provided the most accurate
prediction of the lobed jet mixing flow.

2. Analysis of Researches
of Additional Air Intakes and Afterbodies

For turbojet ejector nozzle operation, secondary air
is required, which can be taken from turbojet primary air
intakes or from auxiliary air intakes, located near the
ejector nozzle. In addition, for verification of CFD
analysis, it is important to have experimental data about
afterbodies (fuselage or nacelle) air flow. Thus, it is well
worthto analyze briefly open sources devoted to these air
intakes and afterbodies air flow.
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Fig. 1. Three mechanisms generating transversal flow within the lobes by [15]
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In 1944, J. R. Henry [17] summarized experimental
data of power plant installation pressure loss
characteristics of duct components.

In 1954, R.J.Salmi [18] presented results of
experimental researches of the pressure drag of various
blunt-based conical afterbodies at M=0.6...0.9. When a
convergent nozzle of the body discharges a jet from the
base, boattailing becomes effective in reducing the
afterbody drag. With no boattail, the effect of the jet was
to aspirate the large annular base area to very low
pressures.

In1955, D. P. Hearthetal. [19] presented analytical
method for matching secondary air flow of ejector nozzle
to auxiliary air intakes on the base of experimental
researches [20, 21]. At Mach numbers below 1.2, the net
thrusts appeared to be unaffected by immersing of the
inlet in the boundary layer. In 1955, P. C. Simon [22]
presented experimental researches of nine circular
auxiliary air inlets partially or completely immersed into
supersonic  turbulent boundary layer. In 1956,
D.P.Hearth et al. [23] presented experimental
evaluation of eight auxiliary inlets (located in a fuselage
boundary layer), which supply secondary air flow to
ejector nozzles (of two types) over a wide range of
primary pressure ratios and free-stream M=0.64...2.00.
Experimentally obtained values of pressure recovery
were 68...75 % of the theoretical values, indicating large
internal losses.

In 1956, J.R.Henry et al. [24] summarize
experimental data of subsonic-diffuser and presented
them as functions of geometric variables and flow
parameters.

In 1957, R.G.Huff et al. [25] presented
experimental study of nine auxiliary air inlets
(rectangular, cylindrical and having angular turning)
immersed in a turbulent boundary layer.

In 1957, F. V. Silhan et al. [26] presented drag
characteristics of a series of conical and circular-arc
afterbodies. Separation occurred at the cone-cylinder
juncture, resulted in measured drag coefficient at boattail
angles 30...45° approximately equal. When the
afterbody was shortened, the region of more positive
pressures is removed while the peak suction pressures
remain so that separation at the cone-cylinder junction
which eliminates the high suction pressures becomes
beneficial.

In 1957, J. M.Cubbage [27] presented
experimental researches of jet effects on the drag of
twenty two conical afterbodies with convergent nozzle.
The author concluded that the boattail angle for minimum
afterbody drag at subsonic speeds was in the 5°...8°
range; NPR did not change this angle, and at subsonic
speeds slightly influenced the drag coefficient.

In 1968, G. D. Shrewsbury et al. [28] presented
experimental study of effect of boattail junction shape on
pressure drag coefficients of isolated afterbodies. In
1969, D. E. Harrington [29] presented jet effects on
boattail pressure drag of four isolated cylindrical ejector
nozzles. The author noted that, at subsonic speeds, the jet
caused significant reductions in drag of the 15° boattails.
This drag reduction was relatively insensitive to nozzle
pressure ratio for values much less than the design value.
However, boattail drag was further reduced as the jet
pressure ratio was increased to the design condition and
beyond. The author concluded that, in general, the effect
of increasing secondary flow was to decrease boattail
pressure drag by increasing the jet-exit static-pressure
ratio. Secondary flow was most effective in reducing
boattail pressure drag coefficient at subsonic speeds
when the nozzle was operating at or near full expansion
or was underexpanded. In 1969, B. J. Blaha et al. [30]
presented experimental pressure distributions and
boundary layer thickness on three models of afterbody.
The authors noted that increasing boundary layer
momentum thickness resulted in reduced boattail
pressure drag coefficient, particularly at high subsonic
Speeds.

In 1970, D. Bergman [31] presented experimental
researches of engine exhaust flow effect (jet plume shape
and jet entrainment) on boattail pressure drag of conical
plug-type nozzle. Jet entrainment (detrimental) effect
(induced speed-up of boattail flow and lowers boattail
pressure) appears at a jet velocity approximating
freestream velocity and then increases with nozzle
pressure ratio increase; but the jet plume-shape
(beneficial) effect (which moves boattail flow
streamlines away from the centerline, causing stronger
flow recompression on the boattail surface) appears when
jetflow become supersonic. In1981, G. Carsonetal. [32]
studied experimentally and using CFD methods five
axisymmetric boattail CD nozzle configurations.
Dependencies of external pressure-drag coefficient vs.
Mach number, nozzle pressure ratio and boattail angle
were presented, which should also suit for ejector
nozzles.

In 2024, S. Zhang et al. [33] presented results of
numerical simulations of two types of air intakes
embedded in a supersonic aircraft wing. The total
pressure recovery factor for ram-air intake was greater
than for submerged one at M=0.4, and vise versa at
higher Mach numbers. In 2024, J. Zhu et al. [34]
researched the influence of the double-ducted serpentine
nozzle parameters on the flow characteristics and
aerodynamic performance of aircraft. Total pressure
recovery coefficient, flow coefficient, and axial thrust
coefficient all decrease with an increase in aspect ratio,
length-to-diameter ratio, and vertical shift.
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3. Analysis of Ejector Researches from
Other Fields of Engineering

3.1. Analytical and
Experimental Researches

Ejector theory for refrigeration systems was
developed in parallel with thrust augmenters [35]. In
1942, J. H. Keenan et al. [36] firstly proposed two
models: the constant pressure mixing (CPM) one and
constant area mixing (CAM) one to solve the problem of
expressing the momentum conservation in the mixing
process. In 1950, J. H. Keenan et al. [37], taking into
account a real gas properties and thermodynamic
irreversibility, pointed out that the ejector designed on
CPM model has a better performance than the CAM
ejector.

In 1976, C. D. Mikkelsen et al. [38] presented a
method for 1D analysis of the constant area ejectors, for
the case, when both (primary and secondary) flows are
supersonic, for high-energy chemical laser. In 1977,
J. T. Munday et al. [39] introduced the concept of the
«hypothetical throat», so that the secondary flow (being
as ifina convergent nozzle) doesn’t mix with the primary
flow until it reaches the «hypothetical throat», which is
located downstream of the primary nozzle exit. In 1985,
B. J. Huang et al. [40] experimentally distinguished three
operational modes of cooling ejector: critical (self-
similar or double-chocking, when backpressure is below
critical one, both primary and secondary flows are
chocked and entrainment ratio is constant), subcritical
(separation or single-chocking, when backpressure is
greater than critical, but lower than breakdown pressure,
only primary flow is chocked, and entrainment ratio
varies linearly with the backpressure), and back-flow (or
malfunction, when backpressure is greater than
breakdown pressure, both flows are not chocked, and the
entrainment ratio is negative).

In 1998, B. J. Huang et al. [41] used hypothetical
throat area as a key variable to determine empirical
correlations for ejector two limiting backpressures
(which separates three flow modes).

In 1999, B. J. Huang et al. [42] presented modified
(comparatively to [37]) 1D semi-empirical model of
ejector performance for refrigeration systems (where
losses factors were experimentally determined), in order
to explain the choking phenomenon of the primary and
secondary flows. In 2005, S. B. Riffat et al. presented a
review [43] of ejector application in refrigeration
systems. In 2007, Y. Zhu [44] described a shock wave
model by considering the nonuniform distribution of the
secondary flow in the suction chamber. The predictive
accuracy of the model is improved compared with the
traditional 1D ejector model.

In 2015, B. Tashtoush et al. [45] on the base of
results of 1D analysis of ejectors for refrigeration
systems, concluded that constant pressure mixing
ejectors can achieve higher compression ratio; having the
same entrainment ratio, they can reach higher pressure
ratios, than constant area mixing ejectors. In 2016,
S. K. Karthick et al. [46] presented results of parametric
experimental studies of mixing characteristics within a
low area ratio rectangular supersonic gaseous ejector.
They noted that the entrainment ratio increased in over-
expanded mode and decreased in under-expanded mode.
In 2016, S. Elbel et al. presented a review [47] of recent
research of ejector application in vapor-compression
refrigeration systems. In 2016, F. Li et al. [48] presented
1D models for ejector performance predictions at critical
point and breakdown point based on constant pressure
mixing and constant-pressure disturbing assumptions
accordingly. The authors also integrated the two models
as the model to predict ejector perfor mance at critical and
subcritical operational modes (using bilinear dependence
of entrainment ratio from backpressure).

In 2017, J. Liu et al. [35] presented simple 1D
model of ejector performance (entrainment ratio and
critical back pressure) for refrigeration systems real-time
control. The model is based on the thermodynamic
principles and ideal gas properties, and then was
simplified to linear equations with four unknown
parameters, which can be determined by least square
method. But the model contained the ejector component
efficiencies and geometrical parameters, which must be
determined experimentally. In2018, V. Kumar etal. [49]
presented 1D model to determine geometry of a single-
phase ejector for refrigeration system.

In 2024, D. Xu et al. [50] presented results of
experimental investigation of a novel 2D ejector-diffuser
system with different supersonic nozzle arrays. Numbers
and types of nozzle plates installed on the ejector were
varied to study the realizability of avoiding or postponing
the aerodynamic choking phenomenon in the mixing
section.

In 2024, H. Chen et al. [51] presented results of
comparative study of the evolution laws of the design
entrainment ratios in the ejectors with cylindrical or
conical—cylindrical mixing duct under various operating
conditions, based on 1D theoretical models validated
through experiments.

But all these models use an assumption that the
kinetic energy of the primary and secondary flows at the
inlets and the mixing flow at the outlet are negligible,
which makes impossible to use them for thrust-
augmenting ejector nozzles. Thus, only some elements of
the models can be applied.
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3.2. Analysis of researches Using CFD Models

In 2004, Y. Bartosiewicz et al. [52] considered
evaluation of six well-know turbulence models (ke
standard, ke realizable, RNGk—¢, RSM, kw standard, ko-
SST) for study of supersonic ejectors of refrigeration
application. The ko-SST turbulence model agreed best
with experiments and RNDKke was a bit worse.

In 2012, Y. Yu. Shademan et al. [53] presented
results of CFD investigation of geometry influence of
four convergent primary nozzles on the turbulent
characteristics of incompressible fluid flow. The authors
considered six turbulence models (Spalart-Allmaras, ke
standard, realizable and RNG, ko standard and SST, and
the Reynolds Stress Model (RSM)) and concluded that,
RSM produces more accurate results for the prediction of
turbulent fluctuations. In 2013, W. Chen et al. [54]
presented results of CFD analysis of ejector parameters
to maximize both the ejector entrainment ratio and the
pressure ratio together for natural gas transportation. In
2017, L. Wang et al. [55] presented results of CFD
simulations of ejector primary nozzle geometrywith the
purpose to improve primary mass flow rate and
entrainmentratio. In2017, K. Zhang et al. [56] presented
results of numerical investigation of the effect of nozzle
position on entrainment ratio and pressure increase ratio
of the refrigeration system ejector and noted non-linear
dependence of entrainment ratio from nozzle position. In
2019, B. M. Tashtoush et al. in review [57] have
analyzed ejector geometry for refrigeration systems,
mathematical models, visualization attempts, various
refrigeration systems and working fluids. The authors
also stressed that, there exist some contradictions in the
findings among research publications.

In 2020, G. Pradeep et al. [58] numerically studied
the entrainment ratio and the transition from the critical
to the mixed flow regime of supersonic ejector intended
for refrigeration technique. In 2020, W. Ye et al. [59]
numerically studied flow structures in so-called multi-
strut mixing ejector (version of flat multiple jet ejector)
for refrigeration systems. The authors noted extremely
complicated flow structure inside the ejector, and the fact
that the secondary flow made great influence on the
general flow structure. In 2025, J. Galindo et al. [60]
presented results of CFD research of the sensitivity of a
jetejector of refrigeration system to variations in the inlet
temperatures. It was noted significant influence of mesh
parameters.

Thus, because different authors gave preference to
different turbulence models, there is a necessity in
numerical experiments to select both reasonable
turbulence model and reasonable mesh parameters for
problems of specific class.

Conclusions

1. One of the known methods of aircraft jet engine
thrust increase is based on application of ejector nozzles.

2. Ejectors are also used in multitude of other fields
of engineering.

3. Literature analysis showed that one of the major
processes, influencing on ejector nozzle thrust, is mixing
of the flows.

4. There is a lot of publications devoted to both
experimental and CFD investigations of lobed mixers,
which indicates that, significant thrust augmentation
increase can be realized due to their application into
ejector nozzles. The level of gain depends on the trade-
offs between the degree of mixing of the two streams and
the viscous losses incurred in the mixing process.

5. When using lobed mixers, large-scale secondary
flows, not viscous diffusion, are the key to low-loss
efficient mixing. There are three mechanisms responsible
for the generation of transversal flow within the lobes
themselves (the first one is due to the basic turning of the
fan and core streams in opposite radial directions; the
second mechanism is "horseshoe" vorticity; and the third
mechanism is “passage" vorticity).

6. Optimization of additional air intake locationand
afterbody shape can substantially reduce external drag
and, thus, increase effective thrust augmentation.

7.There is also a numerous literature as for
research of ejectors from various branches of
engineering. But all models described there use an
assumption that the kinetic energy of the primary and
secondary flows at the inlets and the mixing flow at the
outlet are negligible, which makes impossible to use
them for thrust-augmenting ejector nozzles. Thus, only
some elements of the models can be applied.

8.In numerous CFD researches of industrial
ejectors, different authors gave preference to different
turbulence models, thus, there is a necessity in digital
experiments to select both reasonable turbulence model
and reasonable mesh parameters for problems of specific
class.

9. Features of geometric shape and flow nature at
mixing of the flows within lobe mixers, and also the fact,
that at a reasonable length of turbojet ejector nozzle, it is
not possible to provide complete flow mixing inside it,
stipulate the necessity of numerical study of the processes
in lobe mixers and corresponding ejector nozzles using
3D numerical methods.

10. To reach the stated goal, it is necessary to solve
the following problems:

— Develop mathematical model of UAV’s power
plant with turbojet and ejector nozzle;

— Develop engineering designing method of ejector
nozzle for micro-turbojet;

— Verify this method in an existing engine.
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orJjsal EXEKTOPHUX COIIEJL
YACTHUHA 2 - 3MIIIYBAYI TA JOJATKOBA IHOOPMALIA

P. 1O. Ilykanos, C. B. Enipanos

IIpeamMeToM BHBYCHHS B CTATTi € €KEKTOPHI COIUIA, TPU3HAYCH] JUIS TIJIBUIICHHS TATY PEaKTHBHUX JBUTYHIB,
1 BIOMOBiOHI 3MimIyBadi MOTOKiB. MeTOW € 3MEHIICHHS TOCTPOTH MPOTHUPIY MK HOTPIOHMME BHCOKUMU
XapaKTePUCTHKAMH EXKEKTOPIB, 30KpeMa Koe]illieHTOM 30iTbIIeHHS TATH, i KOMIAKTHICTIO; MK CYIIEpEWIHBHMH
LIISIMU JOCSITHEHHS BUCOKOTO TEMITY 3MIIIyBaHHS 3 MaJIMMH BTPaTaMH ITOBHOTO THCKY IEPBUHHOTO IMTOTOKY B MEXax
KOPOTKOI 3arajbHOI JOBKHWHU. 3agavi: BUSBICHHS IUIAXIB IMiIBHIICHHS TSATH Ta MiHIMi3aIlil 30BHIMIHBOTO OTOpPY
€XKEKTOPHUX COIeJ NULTXOM aHaJli3y OOCHTIKeHb NETIOCTKOBHX 3MIIIyBadiB TypOOpEaKTHBHUX ABOKOHTYPHHX
JIBUTYHIB, eKCHEPUMEHTAIBHUX JOCHKeHb (OpMH Ta PO3MIIICHHS IOAATKOBHX IOBITP03abipHUKIB,
€KCIIePIMEHTAIBHHUX JTOCIiKEeHb (hOPMH XBOCTOBUX YaCTHH (PIO3EIBDKY Ta MOTOTOHIONH, JOCHTIPKEHb €XEKTOPIB 3
IHIMX rany3ell TeXHIKU (SIK eKCIIEPUMEHTAIbHUX TaK 1 3 BUKOPUCTAaHHS MOJIeJIel 00YMCIIOBaIbHOT IIPOIMHAMIKH).
BukopucToByBaHMMYU METOIAMM € TTOILYK BIAMOBITHUX JpKepe y Mepexi Internet Ta X aHai3 BUXOASYH 3 BIIACHOTO
JIOCBiTy poOOTH B aBialiiiHii ramy3i. OTpuMaHo HacTynHi pe3yiabTaTH. Ha ocHOBI 3HalneHux mxepen iHdopmarii
BUSIBJICHO, 10 Hale(eKTHBHIIIMM HPUCTPOSMH Ui 3a0e3ledeHHs] HANMOBHIIIOro 3MiLIyBaHHS IEPBHHHOTO i
BTOPUHHOT'O NIOTOKIB Y KOPOTKUX Kamepax 3MilyBaHHsI € MEIIOCTKOBI 3MillyBadi; c(OpMysIb0BaHO iX IepeBaru ta
HEJIOJIKHU; BUCBITJIIEHO TPU MEXaHi3MHU, 10 BiIIOBIAAIOTH 32 MPOLIEC 3MIlIyBaHHS 32 MEJIOCTKOBUMH 3MilIyBadyaMH.
Po3misiHyTO BENMMKY KiNBKICTh €KCIIEPUMEHTAIBHUX JIOCHIDKEHb XapaKTEPUCTHK JOAATKOBUX ITOBITPO3a0ipHUKIB 1
XBOCTOBHUX YAacTHH (IO3e/sDKy Ta MOTOroHmois. IlpoaHanmizoBaHO pPO3BHTOK SIK EKCHEPHUMEHTAJBHHX, TaK 1
TEOPETUYHHUX JIOCTI/DKEHb €XKEKTOpiB B IHIIMX Tamy3sX TexHikd. BucHoBkm. HaykoBa HOBHM3HAa OTpUMaHHX
pe3yabTaTiB TOJISATa€ B HACTYMHOMY: B OJIHIN OIIANOBiH crarTi 3i0paHo iHpopMmamio 3 6araTbox JITEpaTypHHUX
JOKEpE, 10 XapaKTepu3ye MeOCTKOBI 3MilllyBadi, SIK TPUCTPOT I MOKPACHHS e()eKTUBHOCTI €XEKTOPHHUX COTIE,
MepeBary i HeOJMiKH TAKUX 3MIIIyBayiB, PO3BUTOK JOCIIHKECHHS IIX 3MIIITyBadiB TEOPETUIHUMU (3 BHKOPUCTAHHSIM
00YHCITIOBAIEHOI TiAPOAMHAMIKHA) Ta E€KCICPUMEHTAIBHUMH METOJaMH. BHABIEHO peKOMeHAAIil Mmoo BHOOPY
dopMu Ta pO3MINICHHS IONATKOBHX IIOBITPO3a0ipHUKIB Ta XBOCTOBHX YacTHH (IO3EISDKY Ta MOTOTOHIOIN.
KoncraroBaHo BenbMH OOMEXKEHY KOPHUCTh MOJENEH €XEKTOpPiB, PO3pOONCHHX B IHIMX Taly3sfX TEXHIKH, IS
MiJBUIICHHS TATH TypOOpEakTHBHUX [BUTYHIB. TakMM YMHOM BHSBICHO LUIAXH IJISI PO3POOICHHS METOIMKH
MPOEKTYBAHHS €KEKTOPHOTO COIIa [UIA MiABHIECHHS TATH MiKpO-TypOOpeakTHBHUX IBUTYHIB. HaMideHO MeTy Ta
3a/a4i MOJANBIINX JOCIIHKEHD Y il ramysi.

Kuro4uoBi ciioBa: ra3oTypOiHHUI JBUTYH; €KEKTOPHE COIUIO IS ITiABUINCHHS TATH; KOCQII[IEHT i ABUIICHHS
TSATW; BiTHOLICHHS BTOPUHHOT BUTPATH 10 IEPBUHHOI; TIEPBUHHE COILIO; KaMepa 3MilllyBaHHS €KEKTOpa.

Hykanos Pycaan HOpiiioBuy — crapmr Buki. kad. MpPOSKTyBaHHS JITaKiB 1 BepTOJabOTIB, HamioHanbHui
AepOKOCMIYHMI YHIBepCUTET «XapKiBChKiid aBiamiiiHUi IHCTHTYTY», XapkiB, YKpaiHa.

€EmnipanoB Cepriii BasnepiiioBu4 — 11-p TexH. HayK., npod., 3aB. Kad. KOHCTPYKIIH aBialliiHUX JBUTYHIB,
HauionanbHuii aepokocMiyHuil yHiBepcUTeT «XapKiBChKil aBialliiHUN 1HCTUTYT», XapKiB, YKpaiHa.

Ruslan Tsukanov — Senior Lecturer at the Airplane and Helicopter Design Department, National Aerospace
University «Kharkiv Aviation Institute», Kharkiv, Ukraine,
e-mail: r.tsukanov@khai.edu, ORCID: 0000-0001-8348-8707.

Sergiy Yepifanov— Dr. of Sc. in Engineering, Prof., Head of the Engine Design Department, National
Aerospace University «Kharkiv Aviation Institute», Kharkiv, Ukraine,
e-mail: s.yepifanov@khai.edu, ORCID: 0000-0003-0533-9524, Scopus ID: 6506749318.


https://www.researchgate.net/publication/344507428_Numerical_Analysis_of_Ejector_Performance_Near_the_Critical_Back_Pressure#fullTextFileContent
https://www.researchgate.net/publication/344507428_Numerical_Analysis_of_Ejector_Performance_Near_the_Critical_Back_Pressure#fullTextFileContent
https://www.researchgate.net/publication/344507428_Numerical_Analysis_of_Ejector_Performance_Near_the_Critical_Back_Pressure#fullTextFileContent
https://www.researchgate.net/publication/344507428_Numerical_Analysis_of_Ejector_Performance_Near_the_Critical_Back_Pressure#fullTextFileContent
mailto:ruslan@k103.d1.khai.edu

