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The entry of air into hydraulic power systems presents a key challenge for both stationary and
mobile machinery. Given the performance limitations of conventional online deaeration methods,
this research was conducted to design, fabricate, and optimize an air-oil separator unit. To simulate
the turbulent flow and the physical separation mechanism, a three-dimensional, two-phase
numerical model was developed, integrating the Volume of Fluid (VOF) and Discrete Phase Model
(DPM) approaches. A laboratory-scale hydro-pneumatic test rig was designed and fabricated to
validate the numerical model. A comparison between experimental and numerical results revealed
a discrepancy of approximately 2.5% for separation efficiency and 5.6% for pressure drop, thereby
confirming the model's validity for analyzing the variables affecting the separator's performance.
The results indicated that separation efficiency exhibits a non-linear behavior, with an optimal inlet
velocity range of 3.5 to 5.5 m/s establishing a balance between high efficiency (87.5-90%) and an
acceptable pressure drop (735-1150 Pa). Furthermore, the geometric analysis identified optimal
ranges for key parameters. Accordingly, optimal values for the conical section angle (5-6°),
cylindrical diameter (36-40 mm), and air outlet diameter (18 mm) yielded separation efficiencies
of 89%, 90%, and 90%, respectively. These findings provide a quantitative and reliable framework
for the optimal design of air-oil separators, demonstrating that an effective balance between
efficiency and energy consumption can be achieved by selecting appropriate geometric parameters.
The implementation of this approach is expected to enhance the reliability and service life of
hydraulic systems significantly.

Extended Abstract

1. Introduction

industries. However, the performance of these systems is severely compromised by the fundamental challenge of air

I I ydraulic systems, as one of the most widely used technologies for power transmission, play a pivotal role in various

entrainment and its subsequent mixing with hydraulic oil. This phenomenon leads to increased fluid compressibility,
reduced hydraulic stiffness, operational instability, cavitation, and a consequent decrease in overall efficiency [1]. Although
traditional deaeration methods are employed in hydraulic power transmission systems, they are often beset by limitations,
such as large physical footprints and low operational efficiency [2]. In contrast, cyclonic separators are recognized as an
efficient solution for phase separation and deaeration in hydraulic power systems. Their advantages stem from a compact
structure, the absence of moving parts, and the capability for continuous operation. They function by generating a strong
vortex flow and harnessing centrifugal forces to segregate the phases [3]. Numerous studies have investigated the operational
and geometric parameters affecting the performance of gas-liquid separators. For instance, research by Chen et al. on a two-
stage air-water separator highlighted the importance of residence time and pressure distribution as key determinants of
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separation quality [10]. Concurrently, other studies have elucidated the critical role of geometry, particularly the conical
section angle [11] and outlet diameter [17], in balancing efficiency against energy loss. Over time, the focus of research has
shifted toward geometric optimization and the use of combined indices (e.g., efficiency and pressure drop) for evaluating
separator performance [7, 9].

A review of prior literature indicates that the majority of these studies have concentrated on gas-liquid separators with low-
viscosity fluids, predominantly air-water systems, or on specific applications within the oil and gas industry. In stark contrast,
dedicated studies on air-hydraulic oil separators are notably scarce. This is particularly significant given that factors such as
the high viscosity of hydraulic oil, the heightened sensitivity of hydraulic systems to pressure drop, and operational
temperature constraints play a decisive role in the performance of such equipment, yet have been underexplored [5, 13].
Furthermore, a substantial portion of previous research has merely examined individual geometric or operational parameters
in isolation, neglecting a comprehensive analysis of their simultaneous interaction and the resulting impact on multi-criteria
performance metrics. This study is conducted to address this research gap. In this investigation, for the first time, a rotary air-
hydraulic oil separator with compact dimensions, compatible with real-world operating conditions, has been designed,
fabricated, and modified. Subsequently, the results from numerical simulations have been systematically validated through
experimental measurements of key quantities. The study then proceeds to investigate the influence of operational and
geometric parameters on performance metrics. To determine the optimal operating point, a combined technical-economic
index, /AP, is employed to provide a practical framework for industrial designers. This approach, while filling the existing
void, proposes a novel strategy for enhancing the reliability and efficiency of hydraulic power transmission systems.

2. Method

This research employed a combined experimental and numerical methodology to investigate the performance of an air-
hydraulic oil separator. The study started with the design and fabrication of a physical prototype. The geometric parameters
of the separator, detailed in Table 1, were established based on a synthesis of existing literature, conventional cyclone
designs, technical recommendations from manufacturers, and an iterative trial-and-error process [14, 15]. The main
components of the separator, including the conical and cylindrical sections, were constructed from AA 6061-T6 aluminum
alloy, chosen for its suitable machinability, corrosion resistance, and adequate mechanical strength to withstand the typical
operating pressures of hydraulic systems. Sealing between components was achieved using metric threads conforming to the
ISO 6149 standard, supplemented with PTFE tape to ensure leak-proof operation. The fabricated prototype underwent a
rigorous leak test according to the ISO 15649 standard, confirming the integrity of the construction and sealing methods.

To facilitate experimental validation, a dedicated hydro-pneumatic test circuit was designed and constructed. This circuit
enabled precise and independent control of key flow parameters, including pressure, flow rate, and the injected air volume
fraction. The hydraulic oil was supplied by a fixed-displacement gear pump (Vickers X2P5102), with system pressure
regulated by a proportional relief valve (Tork Hydraulic EDG-01-H). Flow control was maintained using a pressure-
compensated flow control valve (Parker GFG2PKC3) to ensure repeatable test conditions. Air was injected into the pump's
suction line from a compressed air unit, with the injection rate precisely managed by a flow control valve and a pressure
regulator. Key operational parameters, namely pressure and flow rate at the separator's inlet and outlet, were monitored using
high-accuracy calibrated sensors (Parker SCPT-400 and SCFT-060), with data continuously acquired by a data acquisition
unit (Parker SCM600).

A three-dimensional, unsteady, incompressible, and turbulent two-phase flow of air and hydraulic oil within the cyclone
was numerically simulated using the finite volume method in ANSYS Fluent. Hydraulic oil (ISO VG46) was treated as the
primary continuous Newtonian phase, with its physical properties (density: 913 kg/ms, dynamic viscosity: 0.042 Ns/m?)
defined at a reference temperature of 40°C. Thermal effects and fluid compressibility were deemed negligible based on the
operational range and prior studies [4, 7]. To capture the complex multiphase physics, a hybrid Eulerian-Lagrangian
approach was employed. The volume of fluid (VOF) model was employed to track the air-oil interface and simulate the high-
concentration air core, while the discrete phase model (DPM) was utilized to track the trajectory of discrete, low-volume-
fraction air bubbles within the continuous oil phase, enabling two-way momentum exchange [8]. The motion of individual air
bubbles was governed by a Lagrangian equation accounting for drag, buoyancy, and other forces [5].

The k-0 SST turbulence model was selected for its robust performance in near-wall regions and for predicting the
behavior of strong swirling flows [6, 15]. A second-order upwind scheme was used for spatial discretization, and the
pressure-velocity coupling was handled by the PISO algorithm, which is well-suited for transient simulations. The pressure
field was solved using the PRESTO scheme for enhanced accuracy in swirling flows [7]. A structured hexahedral mesh was
generated, with significant local refinement in critical regions such as the tangential inlet, near-wall areas, and the vortex
core. A comprehensive grid independence study, using pressure drop as the convergence criterion [4], confirmed that a mesh
of approximately 799,551 cells yielded results independent of grid size, with a final grid convergence index (GCI) of less
than 0.6%.

3. Result

The analysis of the separator performance reveals a complex interplay between operational and geometric parameters
governed by the underlying hydrodynamics of the swirling flow. The fundamental separation mechanism is characterized by
the generation of a strong vortex flow from the incoming air-oil mixture, which establishes a distinct low-pressure core along
the central axis. This pressure gradient induces a secondary, upward-flowing vortex that efficiently extracts the lighter air
phase, while centrifugal forces drive the denser oil toward the walls. This flow structure, consistent with established cyclonic
principles [15, 18], provides the foundation for evaluating the influence of key parameters on performance indicators such as
separation efficiency (1)), pressure drop (AP), and residence time (7).
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The effect of the inlet velocity demonstrates distinct nonlinear behavior. As the velocity increases, the pressure drop
escalates following a power-law relationship (AP = 63.08V1712), while the residence time decreases. Consequently,
separation efficiency improves to a peak of 91% at 5 m/s as enhanced centrifugal forces promote phase separation. However,
beyond this optimal point, efficiency declines to 80.3% at 9 m/s. This performance breakdown is attributed to detrimental
high-velocity effects, including increased turbulence, bubble breakup, and insufficient residence time, leading to the
entrainment of smaller oil droplets in the air outlet [5]. The multi-criteria performance index (n/AP) reveals that the point of
maximum efficiency does not coincide with the most energy-efficient operation. Therefore, an optimal operating velocity
range of 3.5 to 5.5 m/s is identified, balancing high efficiency (87.5-90%) with a reasonable pressure drop (735-1150 Pa).

Geometric optimization of the conical section angle (0) further underscores the need for balanced design. An increase in
angle from 3° to 6° improves efficiency from 85% to 89% by strengthening the vortex, but further increase to 10-12° causes a
decline. This dual effect increases because a steeper cone reduces residence time and increases internal turbulence, leading to
higher energy dissipation and oil droplet entrainment [4]. The n/AP index confirms the optimal range of 5-6°, where a
dynamic equilibrium between the centrifugal force and residence time is achieved, delivering high efficiency (89%)4\%@4
moderatepressure-crop-{1000-1100 Pa).

Similarly, the cylindrical diameter (Dc) exhibits an optimal range of 36-40 mm. Increasing Dc from 30 mm to 40 mm
enhances efficiency to a maximum of 90% due to a larger control volume and stronger centrifugal forces, while
simultaneously reducing the pressure drop. Beyond 40 mm, a slight efficiency decrease occurs as the vortex core weakens,
outweighing the benefits of increased residence time. The air outlet diameter (Da) is identified as a critical design variable,
with a clear optimum at 18 mm (approximately 45% of Dc). This diameter provides the crucial dynamic equilibrium between
maintaining sufficient vortex strength for radial droplet migration and ensuring adequate residence time for effective
separation. Both the /AP index and fundamental design principles for gas-liquid cyclones corroborate this finding [15]. In
conclusion, the study establishes that optimal separator performance is not a function of a single parameter but a result of a
synergistic balance between geometric configuration and operational conditions.

4, Conclusion

This research was designed, fabricated, and evaluated an air-oil separator for hydraulic systems to mitigate air
contamination. A combined experimental-numerical approach was employed, where a 3D two-phase model was successfully
validated against experimental data. The study identified optimal operational and geometric parameters: an inlet velocity
range of 3.5-5.5 m/s, a cone angle of 5-6°, a cylinder diameter of 40 mm, and an air outlet diameter of 18 mm, achieving
efficiencies of nearly 90%. These findings provide a practical framework for designing high-efficiency separators, ultimately
enhancing the reliability and service life of hydraulic power systems.
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1.95e+04
1.87e+04
1.78e+04
1.70e+04
1.62e+04
1.53e+04
1.45e+04

- 1.37e+04
. 1.28e+04
1.20e+04
1.12e+04
1.03e+04
9.49e+03
8.66e+03
7.83e+03
6.99e+03
6.16e+03
5.33e+03
4.49e+03
3.66e+03
2.82e+03
1.99e+03
1.16e+03
3.24e+02
-5.108+02
-1.34e+03
[pascal ]

2.13e+00
1.86e+00
1.60e+00
1.33e+00
1.06e+00
7.98e-01
5.32e-01
2.66e-01
0.00e+00
[mis]

lgo OIS g5 K9, & Hlid Jladeps (gasds o Sy Hl Ao (A Al
m/sY 6399 <uc o b (699,9 balo il Coxi (129, 31 192 jluwlos gailobu o Sloe A S0

ot sl Sl Glular gailels galaaze a3 399 5 (09,198 bolse () 9 (V) slaSt wlol »
o o I slular gailels Jla8 (o pas alS 1 s abiee ST by S sl b aST wiS e ol

3 0ot 18 693 VFF Jlu | douibgh g i iy Slgo Seilio



\o¥ NI Lo 0ol jeS gl duxo

S50 omb Ll b laal slagly &8 > ol sl Jol pulul g a8l Al by (o252 Sy (g 5
(S35 e s 33 S p Bl U 6T USE cage dgr slalaa sailele jo jlad (LS e 09 b o0 ST Gl >
33 ka8eS 4l il Jdoa (e (25 2 by BN (A5 Gl (nl 00 S (o0 il salbs S (e Cou
Sz a5 ol 5o oo ool b S 5B 29,5 Il Sind 5 9IS e <8 > Vb Ceons 4 Gluliz cwiis j5e
S35 o sl o lgn Gaile 5 Wojlpd Cooms a4 (589, (S odil) g S e Sl 205 S9S Sul 85 I S1eS Tga
Jiie I8 (29,5 S & (gl als)S) (85 Glz sabiwsar ez Slaial )5 e 5l el (pl 09,5 e
D)l Jlisay 55 1) slulaz el jome )0 LadeS g S punS Gl S (65 JSS Gl I g sl (nl gl o0
T Slme S a4 gzme Ly 50 S Lig ol ) lade i (6995 Sl (05 50 b (nl Culis
Olyz &5 wd e plisd g 05,8 i 1) 5, Ol 5 M) 5 (V) Sla St jo Tso SIS e by g0 (20U g jo5as o585,
3 gicn ot VL (oS Cems &y g 03l gz i i Lol S b o g e it 4 995 5l g Igo
OLes 1y yemee olaiel )5 LadeS ains o JSiS zadsd don jlalas saible o jlad Maeee sloass (s g
Ll Camdimly (>155 00 @be 5B 55,05 5 YL (29,5 S 4 3B 5B Colan )5 age 2 4T 5 3L s oo
Jelos ccpl pegdle VO] o)l cdillas 5o o, Sen g 15)l Jawgs salallyl sla )5 L jLad a5s5 ool (pl aiS (o
A3k b a5 glonay 08 o sl |y esy97m0 S (sl Sy 252y 5 oS (stin (5,5 USE by e
DAL ol (lgieas (i Slalllas 5 L5ls 2855 5l

spbolen ams oo (LA (69955 Ol ,> Al (635)9 Slace w j3 1) Ise IS Wil (e g ,La8 il m e (1) S
oloy 4 b o asdly Jilil Joolid 5 cileiSy jsbay ((AP) JLid Sl ws3g,5 oty L33l b g oo sdmlive 45
Ohlen 5 Ggen Slilllas @bt 5 (232 Glaglz Sealusgyies Jool LS, (nl 05,5 (o0 ol e 2257 L (D) wile
g obed eled LolS wass S Ul Cogli cage (p29y7ler bole (60959 Sy Gl [F] S)ls SloSen
(V) J5s slooals iligo Gl 55 65,31 ST O] o @ a5 055 m 0)l00 pslme 5 53559 (> s )0 (SuadT Gl
aS 5,8, oy o0 AM/S Cop ;0 PATFe e Sga> 4 /O M[S Sy (0 PaND og0x 5l Lad Cdl aS was o lis
8l i g, «atedn job 4 [A] 5l cillae Yo VY Ul o S5l Lawss bl (AP o VA Lol Lls, b
19,5 o0 Ol dA) salaly S0 4 635,5 Gl S e dlse Slulaz gailele cl yo Lad

AP[Pa] ~ 63.08 V1712 )

5 L Gl g cage VL Glace,w )3 550 5l 25 90 9 (252 Oldee Dad Gl (Jlie o
Sy ;0 2 APS 3905 4 O M/ Lo ;0 VBDS dgux 5l S (g,9bay 35h 0 DI Wil lej 4zl LB talS
120, (o0 i yi ) (o, salal) b gy cnl b oo GRS Am/s

T~ 0.775 7099 Q)

Gl 1) il oy (o252 plase Cagl lejen ams e (IRl 1) lad S8l Salusg e slaias Gl
olyo o jlolax sailolu ;o ¢jlid il axg5 BB iol8l L cils floy ials aS ams o las ailSgs (L8, cpl aes
Ol ey Sli8l s el o gl V] oyl cillae Y VF Jlo o g0l ,mbe iesh sleaidl b wlaslin ol ool

WS A gl | s (65, O pan g jlid il Canliol ol 8l ailen wile yloj ralS oS cwl Gallae (gus U Lgas

Nooslols [0 0590 NFF Jlu [ oodigd g 4l piay Slgo Silo



©oue 3 (o258 sadlllan 1 Sl ous ol JUI gladibl )3 €9, 5l ga jluluz ualy SO o Sdes (b5l g Sl (2 lhb - 1eF

3000 18
1.6
2500
14
2000 12
= o)
P; 4
I~ 1
< 1500
0.8
1000 —4—AP 0.6
—a—T
04
500
[\¥]
0 0
0 1 2 3 4 5 6 7 8 9 10
V(m/s)

ilisio (6999 S 53 (Slgyaud (589, 3l Iga jlulue gailolw jo wils (yloj g )Lid I ol i wig; A S

e 2 |y (/AP) i 8l 4 lesi], e oS 5 jlliz gailsls el Sl Wiy, o () 0) U

G, (95,9 Sy 4 o S3lulaz pledily &S s oo LA @S e po Glales 0Ly (6959 Alie slacs
So gl g e Gl lacie s jo il slate )1 5 Sle g0 S ea 5l (SBU AT Sl (s il
2 IS 1 Lol s 5 i o g |y 0)la s sy b eled JUl 5 ond o, oldme 5 350 3l 32,5
J5 5l sl slajlolaz o)ly0 iy sloLS S L dgrge o2l e DM/S o TR Ao ke 4 oo /OIS
ol b IR V] aiS oo sl | g3lulaz a8 uriiane by o3l cnl o Bl 651 GrlEl a5 aes e i 5
($09)9 bole S pu Al aiS o e (29, 5l I9a silulaz W) oye e Bgile VL Glace e o (>
| S syl s 5SS Sl LS5 o5 ol 555 e ol ey alS 5 b (S5 oodl il
Al eod il ead ) Slilad 09b oo o oy (b e oo 1B e (b Llagl alen Jlaiol g 000 ol onds
ol 5l G azmh )3 Ngd 03285 Iga (29)3 Con 4y (SIS Al S lang g Wigd e 0)l920 4 35 50 51 25 (5950
Sy o AMYS oy 33 TAIY dy OIS Zat s 1o TAY 51 51 g azbly 2l s, 5l Ton stz gaibols Lol cainge
ol )55 5 eoue 5 0,0 Olalllas )0 00,0l jebdy el oo bl (60, Sles ClSlh (gakaii lgie oLl
£, bgio glocie s s (il lulis gailole Lokl diin oS amd o i ey SloUiRg oy [0] o
Sledily Lasls acin (Vo) S5 @lae [VO] o)ls o] awaie § S5 4 pebiae (SKiwly 45 glodgame tand o
ety il b als ) T e ooty DIYY ke 4 il yio /0 e pus o (1/AP) [id il axly e,
Logsd (/1) ploasly diion abail 45 a3 o Lt IS (ol ilygo (IS (5 pSmiir ysbotr e 5 o boslne (5399
S oo wol 2 s i 56l hg0 e Simb Slace s g o)l Slages (golaidl - (8 Hlate jl e Slee ange abaii b
a8 Sl g 098 o0 Dgmze (8lr S S o STy Ol JUT laailels 3 (129, —loa slulaz oS Cunl S8 4 p5Y
el 52l s do il 5 byl wYLa] daligw szan lizl biws sabolnl il b awglio o ol j 50
2 ojlmaniz 3,05, 5l S pFone (il 3929 b 2o oy SBREI p pwguma 3l el ol 5o jlid 28l el ple
=10 pledily CeS 90 oo 03ls5 Sl jslite 4 ol s bl 05bi e (23] 53902 Dt SRS (b
B YO ye9,-lsn jlulom sailols 4 (639,5 b, g Ce s (005050 (Sl YYO-1V0 ) ,Lid il 5 (duo,o AY/D

(ailolos o Slos (3 50) 90,5 oo (pmnd Al 20 O/

3 0ot 18 693 VFF Jlu | douibgh g i iy Slgo Seilio



1+0 NI Lo 0ol jeS gl duxo

95 = 6
5
90 9
a
)
4 g
x
85 o g
—- =
S S
= 3 £
7 5
=
80 4 5
2
75 o
1
70 0
0 10

V (m/s)

30 Sy uad (59 5l Iap jlwlaz vl 4o @/AP) jLid el uxlg sl3l 4 Gloily (sl § () Glondly Wl puid’ g, Ve S
Glizo (69959 beas

97138 Lulaz waly o )Shos 5 bgyhe iy cands 756 -¥-F

Clcws cam ol 89, lga lulas saileln jo «(T) 9o I3 wile ley g (AP) jlid cdl ol oy (V) IS
b5y lgp iz sabls () by e (it b e 1)) USE Gillas o ol o e ik ilies
b it et L S an e S gl gy B3 wle plej 5 ,La Sl s akie Sl Crge
Y-F el o Pads s sgas 5l ol jlads b oo Gli8l e a8 g dlig jebay lid Cdl (g -lga slulas sailele
<8l o Galidl el o) oo Ol laz 0 Ve Y o yo Pal Ve 5l i g slulos casbelu g ,e Lidu slaz o
O Gz ) g jlelaz sailele ;5 sy (295 Slme b byt (s SzsS geacls Jlab nals I il lad
oo g slulaz gailels (2o S lime Sl alS oS S inn Sl yme belie Lz pln o Sl Sl
b cdlad) waled 50 5 (205 Gl (257 s S5 i T cage ky5me Ol 5h97me S S8
So LY 5 IY] o)ls LelS glgsran w315 5 mle— 55 slajlolas )0 eal 5,155 Slaslin b wg, cpl 00,5
Ol bgye idu cud il b ooes, —lga slulaz sailebe ;o (1) lsa O3 wile ley (1)) UK Gillae 500
Mea slalaz gailels (bgyoe (idu ot (Rl L doa s wile Gloj @l (olol sl oo 2ol (b e &0
alai il 1100 wile loj b D°—F° aigy o3game clee oal 45 il oo (2L il /))&l 1A 5100 4

Sl Gl ol (28 o o 5 4 IS 3l (sl ol 55 e 5] 55 4 50 ogmins ol
0diS1y 5B S ges> 4 e o8 Sul o Slalaz aileler (og pre Gidu o Al 51 50 b2 (e S
Sy ps¥ o8 by e (isn in ool Llga jlulas saibele jo (bl cpl 15005 oo aibels 3l (ool g 2I)3)
Jlolas gaslels by e (idu (gdige o (Godgame ;0 (o (pl b 0gd oo oljen Codgase b el S o 5lulas
3 6obymbe (gone mls 5 oy Slaslin b owig, opl cwsl BB S5 gilulas Glp plises wile ey dgn

Syl callas ale— 55 slaslulas

Nooslols [0 0590 NFF Jlu [ oodigd g 4l piay Slgo Silo



©oue 3 (o258 sadlllan 1 Sl ous ol JUI gladibl )3 €9, 5l ga jluluz ualy SO o Sdes (b5l g cSlu (2lhb - 1eP

1400 A r 0.17
1200 L 0.165
1000 A
F 0.16
= =
& 800 A v
a
< [ 0.155
—— AP
600 1
——1
F 0.15
400 1
200 4 F 0.145
0 0.14
0 2 4 6 8 10 12
O (degree)

o (5950 Gk e o 52 (oSl e (59 51 198 Stz il 4 (1) il yloj 9 (AP) Lk il ol s wig, 1) JSC

o9,y 5l s slulas sailele by e isn alizee glacwd [0 |, () gilulas lesl) &l s &g, (V) UKo
@z P aaz,0 ¥l oy, ol e slulaz gaille (g (ide ol Gl L OY) 52 Gl amo e i
S0, Oloe Cogll 4y s jab 4y 0 Slae 09 pl b oo (1B TAY 4 TAD sgas 5l et 8 O jgoay lead]
5 o)l @ gl 5 JUil ey o a5 09d s 00ld S (85, Sk 0)ls 5550 5l S 9 il s Bl
ailebs o Sloe lanily ¢ g e (Ao ol glaz )3 7 B0 (godgazme )0 500 (s 100,50 92 (ol e alS
So ddga jlula gailobe by yFe i cord sodgazme (ul )3 @Bly 5o el iy (Sgyaee (29 5l e slulan
staldl Jlo b 33in 3 (1V005) SIS aile o 5 45,8 e oo 550 51 30,5 53 ol (Saals Joles
30 o, AY-AR S90 U plend]y il jonie cdigy abads ol 51 5158 dga slulas saibele dogmee idn ool ial3él
Sy (29, ad el (adly o .l pwaie oglhasl SIS LU palS cpl 085 s ax 0 VeV slacd
Sl Gl ol 5 585, SIS G 5 el 4 & oty (] ams e Gl S & 1y S (clanlsd 5 s 9
Loas w@lEgs ,ls, ol [F] oS oo cinds 1) albols S LIS doo (s p0l,en (ioldl b asly wod o oyl (g5lolox
CoaS S5 e by ytre jidu ol 45T WS e oS Ll Slgen Yo VY Jlo ;o b YoV Jlo o ool el slaaisl
3 gilwlaz o Sles oz 58 g olaie Ol 31w sl (galdS

95 0.14
0.12
90
01
L
2
85 x
_ 0.08 £
S s
g 5
0.06
80 B
0.04
75 —&—7
—4—n/AP 0.02
70 0
0 2 4 6 8 10 12

0 (degree)

O (bR Ghity camd Camd 1 (Sedgyiad 9 3l 198 Ll anly 4o (/AP (a3l § (1) plowily Sl (1Y) S

3 0ot 18 693 VFF Jlu | douibgh g i iy Slgo Seilio



\o¥ NI Lo 0ol jeS gl duxo

sable 55 Brae 4 (550 00 S Shles a5 (/AP) golaidl- (8 o Slos (a3l Ll (V) SO illa
AL Gl aespe lad by e it Glaz )0 7 B O laced )0 1) dnge bl sl (Slgpans (585, 5l e jlula
Er o olad o, g5 ade jo oyl Sde 008 0 i 3 1) (o 589, o3gamme al Sl 513 angly IR L
Gydadir IS8 4 gilulaz 590540 92y o 4 litws sl oY 655l auje aS g )sbar sl aiys plenl, tals
stz wnld S (Slsaee o) 5l e slulir lle by (o Alge cod e Gl b oo Gl
69 peply us aidl ol .0 18 oo 513 5 e o655l B ran siluaneS 5 S (glediiin Gl ilse o] 0 a5 el
b lalae slaailele ;o golaill g jlal o Slee 4 (olitws slp oS pral SO lgie ]y (ogyoe idu b
S apiY e oo W)l golatdl g Sllee 6 pFpread Glp oY pite So & (g Bro CueS S5l 0l 5 S (o0
S sl TRy 5 bz £ 4 Dud a5 035 Sl CueS S dayelSien j0 by e A she ced S Sl
ol 55 la sl o conl vgpiin alie gladilolu (o ansline jo o953 4 (Sinly ol el atisly 05 )0 slasle
e olie o [V] wdloe azyo 800 b pln Glad 8l g plesly sailse sln (gt e sate et
wle Gloy Gl sl d(az )3 V4 =V0) 5555 Slacerd @10 925 (oS SIS Cgw; 4 55 o el le sl S
obml sl (4 )0 B-A) FSEsS locud « Sow D3 L sl 35 slayelSin jo S Jb> 10 [VV] 09d 0 00l ez
bulyd cod eyl lulaar G 35505 b ol gaslllas szl ol po VO] W55 (I S50 5l )5 (g5,
G St nd (4l e O cbglie (055 e F10C 125, sloo FFOSE 10, (59515 et Sleles
sbore (A Sln e cod o5 w30 LS @l bl (pl 2 008 6 eend Az 0 B-F Goguzme ;0 (g e
gy o nl Diloise B 50 Slee sladanis ple woglhe ol (Sidgan g5, 5l e jlubiz el
099>) cowlio wile Hloy g (Voo e=Pal Ve« dg0> 10) hawgie 8l LS o1, (o0 A sg0) YL (gslulas Lol
15 ool sl Gimgh alaz 5l g ol 50 sl o 5 gode Slalllae ol b asdl ol o3l o )3y (agls /100
IA 5 VT o) Slsian YY) Jlo o o San 5 sl s Y+ YE Ly

SEa-lep Jlulas asly o Slos p lailgiml idk yab il —F-¥

Sl bt ( Slgyum s, 5l Ism jlelaz sailebe o5 Shes saasuin 53 » (slalyial Gisu b 36 OT) UKo
bt aalS g, o wilgial JhB i b Led cdl quls Gelal 5 aidS e g 4l (D) Wb ol 5 (AP) JLad
mmb- ,hi 5 PadY. 4 (ol ;o ganm¥e o Pad-- - 4, mmY¥. ki 0 \Y0-Pa jlas s,9b 4 taiS o JLis |
O el s 5 (655l (e pas el g (85l gl Gl by 50 Caeglie 2ol wonuay cnl (ol Cde o) e
Lol lalsnl (o050 ahato Gl aos oo plis & wle3B GlagglSm 95 2 3T (025 Slalllas s b catdly
Gitu b il b @) b gloy e hlie o V] o)ls cblhas was oo 2alS ) Jlw (65,50 <l g 08,5 sesless
A8 5o il SNYY oo Shee gaain pl bioe RIPl (Sgiaen o) 5l e jlulia el (slailg
JrsS e ol 3850 Judo 4y ol ol oo Wl mmbe jo asl NP0 g anmFe o 4l +/VOY 4 anmY -
a3 oo diwgn B Sl gilalaa g elad ES o gl st Ceo B lge DS a5 Sl by e (08 S Sk
ol Jpol b aile oy Gralidl (s e 5 @dle aig; il (1lS (s FB plie 4 63550 by ey aSST (5
JB Caze ¥l 518 s alish &5 wes o plas Jlod (i Gl bl L (oo 5 slapl 2 Seslisgaee
Dol & 4l 5 655l s, 5l T9a slelaa salle il s 5855 laskd 5o a8 oo sbml wile ey )3 (s
3 19e o3 sl )5 (g3lulaz 5l @ile Wil go bl s cnl b oo (2alST (5970 (b2 e ()] (AT )0 g 00D s
s )13 3h cou 1) able S o Shee g 0ad (44,

Nooslols [0 0590 NFF Jlu [ oodigd g 4l piay Slgo Silo



©Oue 3 (o255 saddllan 1 ( Sl ons ol JUT gladibolu )3 (€9, 5l 1ga luluzr aaly S o Sdee (b5 g ol 21k | 1eA

1400 0.17
1200 0165
1000
0.16
= =
2, 800 v
a
= 0.155
600
a— AP 0.5
400
——T
200 0.145
0 T T T T T T 0.14
20 25 30 35 40 45 50 55
De¢ (mm)

S50 ) 3115 Sl aly 10 (D) Wlo o) 3 (AP) JLiS Cdl Sl s Wig 1 (slalgis] ks b 53 1Y S

s 93 1 o Sdgam i, 5l g slelar gaibele (D) (slalyiul 2o jlad 56 5l gl (Jdos (1 F) S
Yool ohd a3l b qmbs Gelul 5 oms oo ) /AP golazil b asls 5 (1) sslelaz lensl, Jels o] g9, Shoe
o ,Slas Sgg ol ey o 1A% st 4y TAA 1 g WS oo a5 | (6 eSata il O (sjlulas Lol amm - o
ol Jl o8 ol gladlyinl (A 50 S5 o (Rl g 55 50 5l 525 (5958 SagB 5l (G2L (S gl p Gelaie
Kgy Su b egjlulaz Gloaly (o doe mmY ) aigy gabads 5l 51,8 (Jlo 0l b VO] wiS oo et 1) 0120 4 (58,
ol 8l g 635 e als,T 65, Gndd Glges |, 2l cpl e oy o MDY JlaE s TAVID 4« Sy LtalS
Jelos Al 098 s0d @l 8 2, ) SIS Jul5 silulaz sl (BB (sulow Cop il (nl oty (L35 2 (b~
0l ol aiS oo ST g aul Iy leasly - (Slgyp g, s slulas saslels o /AP L;el,a.';él—sz_é el
Jlad el g gilulaz Vb plosily Gl G3lF cn e GRS GodimaLis &S s oo 093 okl 4 amm ¥ e L5 o 55
sabols Hleaily ials 5929 L amm¥Te gaig, ,hd 5l S 598 o0 cvalive (opl pogdle .l ol (855! B o)
55 Sl Gzals S conl o 51 (S osiy (nl WS (ool (pogeime i /AP (a3 Ls ((Sdsyaen o) 3l 52 jlela
AP 5 0ud Gl (551 Spae) JLad 28l 3 pSeta all by ((Sgpue és) 5l e slulaz gaibels pled,
@ mm¥e G YF L sossaze daosls melx Jlod ulal o )0 03 oo Con asllae gl ,o |, golazih i
leis 45 ogazme (nl 3gd oo lolid ((Sg)aem (129, 3l I slulaz gaibele sllgiul (Asu slp dinge gabi Glgie
slagiagh sloath b aSh wiS (oo el plojen Sjgo 4 ) golaibl o (a3l g pledily iy 4 oliws
2 Eso9e ol [A] o)l Slgan Sels Wilos,S i I35 1) spplis s e w9y aS (b 38 slaslulas soje> 10 puiin
So @ 2l ln o Shee Glaaatiin 5 252 (b GGl wais Gl Soszm Jolss (285 I )3 Sl
2390 a5t Aol )5 g e ik

3 0ot 18 693 VFF Jlu | douibgh g i iy Slgo Seilio



1.4 NI Lo 0ol jeS gl duxo

95 0.1
0.09
90 0.08
0.07 ~
E
85 0.06 %
- o
= 5
= 005
=
=
80 0.04 =
0.03
75 —8—1 (%) 0.02
—i—1/AP
0.01
70 0
20 25 30 35 40 45 50 55
D¢ (mm)

Sy g 3l lab jLulas sailobu 55 /AP golaibdl- 6 Lasli 9 () lowily y (glailginw] Lid yhad 3T 1P S

&59)“9-"’ )LM’"-\-" -\-"‘3 Q)S-Lo.c » ‘9.b ‘33)_, ‘5|).7u> )Jaﬁ ).HL _f_y

o9, 3l 1sa slulaz saible (50 Slee (saatiin 58 p «(Dy) 5o (9,5 oo b il 5l el (Ldow (V) S
D25 o &1 (T) Bl yloj 9 (AP) HLad il Jolis o Sdg,00

2000 1 0.18
1800 4 0.16
1600 1 0.14
1400 1

0.12

T 1200 1 z

& —

— 3

= 0.1

<1 1000 4

0.08
800 1
0.06
600 4
400 | a— AP 0.04
——T
200 A 0.02
0 0
0 5 10 15 20 25 30
Da (mm})

S 95 31 19n jlalaz aolg 15 «(T) Wl yloj g (AP) jLid Sl Ol pus' Wig) 31 190 (29,5 (6l y2e0 yhd 3T 10 S

LaS (yb @ ol jlad il g ome (8 e s s 5 usSae ok, Kol (S @l (10) IS8 Gl

Ceoglin oy opl ol cde gl co al3dl JLL VY e o Al a4y jLad cdl e e Ve 4 YE 5l Jlhd alS
b ) g ke el jlulaz gailebs 5l (129, —l9a bolxe e (sl yiien 6551 4 53 5 SIS lime 0 SVL Gl
Sad pbol S aneils oS cl ST (g e 50y 35l Bl g by e 5o Cuglie Rl a0
(Selsye s, 3l e jlulaz gailbels )3 (295 e S5, 5 laykd GKs sem jlaBlioe Sl &85 Sl VL
Jyol b Bl ol oS o sbml (55068 lid il ibglone olan gl oY (65, 2alS 5 Fawy (b e Jods @
6 (D) Slo ey e blae jo [AY] oo 1) p3Y Slgsasn iy ol jo iy Ollllas zols 5 SYLw Solos (ol
Ve shad )0 ali NYA g aes e LaS (85 Sl g slulaz gallele (255 (sliome JlaB L (Sl e g e salad,
Slie (Rals g 0l jeee B S SYsb o il cnl il oo W) fo e Y7 513 50 asl < NFO @ e e

Nooslols [0 0590 NFF Jlu [ oodigd g 4l piay Slgo Silo



©oue 3 (o255 sadlllan 1 Sl ous g JUI gladibls )3 €9, 5l ga jluluz ualy SO o Sdes (b5, g el (2l .

el Jisl gl S5 ceoyd 5 JYeb aile ley o jo el jlulas sdailele (635 0 s (0 (5,970 Sy
St <ihe yeb 4y mle 5Bl 5 5B glulaz wnld g ool el S 5l 55 ey b Cow ey, Sy

oo slulas saibeln /AP olazsh o3 asls 3 ) Glosly p dDy) lsa (9,5 sl ks 56 (19) UK o
(Slgen 29, 5l Iga jlulazr calle o Shee a5 w0 LS @S Jlod Sl ool Wl (Sgy0ee 85 ]
Sy sza lzme SR8 a8 ale Suenl Cuz O (Sly cnl 0yl T (2o sl ShE 4 gz BB (S
S8 &S (alSim oudplonl sloow) p Bllae (03 (o0 J 30 (L2552 by Dol g Jlw Wb ey e ((Seelias sala,
VA SIS slaylad ;o 098 oo Jol> (o) A0 390>) ailales plewil) aion ol yio (oo VA L 2l (295 sl
ey ol Sl silelaz sl (B Ceo )b iamt (o g ol wile Gl 1l cage (97 Saep SRl e e
Bebee S 3l 25 S erd g (S5 Gl Sad alS el dyzme S8 Al blie )o sd oei eal )
waled yo g 03,8 Jite | 0lyd peled Ul ((Sgyoum (029, 5l 9o jlulax gailele )3 S50 5l 55 (69,0 pns
ssalin (VF) JS5 o a5 jshilen ol ogdle [A] 93,5 oo (75,5 Glizme 3555 okl po (o planily 2l s
§85 5l (S a8 duy (o0 (S jlade (S 4 leshes WA i Jha3 50 55 /AP olamh o8 et lh wed oo
Slses @le3l slagslSow 1o @l) (b Jsol b adly (nl ol (6550 S pae 5 silulaz ploadl) los 0ls 0oy
oo U 09l oo Sl glailginl s a8 ws s B U e dgam 10 Jaexe job 4 29,5 Gl k8 ] o aS ols
VA sty sl ol nl  [V0] wiley (Bl (ihate 0> p3 lad S8l pa g 09d L (S o222 b 655
slr e llpd glojen Djgo 4 JlS (nl ad plulid aalllae 3)50 ailele )3 Igo (295 Slime sl el
To9 4 @S ol 0 yglse pal B 1) Olyd elad Jml 6l (B sile Gloj g hlate jLad cdl (heg, B3 S5e slulax
g wle ploy (2552 by 51 Ol Julss B85 I 0 b 2gyP slime sawsin B8 (2 o das e plis
S oo Ll 89l slulaz sailob a0 Shos 4 (oliws j3 Sl (G585S e 5 2 S 958

95 0.12
0.1
90
a
0.08 L
%
85 &
=~ 0.06 <
= e
a
=
80 s
0.04
75 =
/AP 0.02
70 T T T T T 1]
0 5 10 15 20 25 30
Da (mm)

sk ) 3l 198 SLalaz doly 3 /AP (S 5 Slowly 1 (D) I9p o9,5 sl yeo ybb i 15 S

S5 ez ¥

g 555 51 (AU Sl &3, ln syl jlulaz woly S o Shee 2] 5 Cle (b Baa b eyl

Sleday Gobod nl ol sopSl daailals (ol bad (655 T Bl plawl o (Slgaee Ol JUl sleailels o
b a5l 5 b Sgyasn s JEDl gloalels 6)l5 Lalpd b 55l (Saped Jow o5 b, ol o 2,
Lesilise 5 gaman gose Jao S gilolir o)l s sle 5 aadl Gl Glae 385 ilodned ly orizen

3 0ot 18 693 VFF Jlu | douibgh g i iy Slgo Seilio



" NI Lo 0ol jeS gl duxo

5 odlo b i giluancd mls v jloel .cdl anwgs (DPM) ainns 56 3 (VOF) Jlw po> sloo,S0g, oS 5
ey ,led 8l g gjlulas ledily glp B LSl ls lis |y Jeud BB ey o alKiolesl o 51 8L ,e
dol Hg-len slulas saileln ;o b i Jdod lp 1) goae Jaw jLael ol ol 09 duo o £I0 5 duoy0 OIY sgu>
609)9 Sy 756 (o) 09, ) (529,198 slulaz gailole Sl (om) 2 slp Wl os (e Gal el plis S (o0
N aion 4 ilulaz o]y @l 5 2o O U Copus ]3I L 0 lo das 8 6L, o gilulos leaily a5 ols lis
Jﬁj) ‘.A.;Lo QLQ) w—bls 9 )...m.u rg.lo)b ‘J.:J.) aQ ‘Q.éb—\}m b}lm 6\55)5 CA—C}M w‘)ﬁ‘ 64.0‘&‘ L' cdS L5H> )b adﬁ.u)) M)J
Iy 4l e O/ B VIO sty <oy (039050 « Sllas Ll i g M/AP) soladl S8 jaslis oo oS lay Jo3
WDged (aseies (JBWl VYO -YYD) Jodns [Lid il g (duo,o AV/D-A+) YU Hleail,y los sllae oy3ley a0 obcaws sl y
PLO ok ) shyyre (i ol igad Sl g CaeS 8 Sl ate B 2925 5l (S peais glaceeS Ll
Shd ey ol e a1y (e y0 A 0gu) (gilwlas lenlly gainn wile ey g wls )5 ul lee Jobss olxl bz o
Dgr Al lad 8l g ooy A gilulaz leasly ol o aS sy g gabai 4 e Lo Fr 0 5 glalsil iy
Sy Shad Coles jo 0l (Sgyau 8, 5l s slulas saiblle oI5 rals 4 s ails )5 camai o lade ol 5l 51,8
(2,0 Ae 3502) loaily sancion d(ailginl jlad s )0 FO Jols) o gl VA jo (gaudS e S g 4y g2 9,5
ol (Egerme 18008 o anli |y a5 > e s Lis g B ke ey loe dinge (s455lge o l 0,90 waly 1,
Sl es 97)lr ((Sgee ol JUl glaailele b 6505 T90 (sae) )0 9290 (pgi NS (05 L e
R TIEPUNL) VL sliweS lp colpinn o claosl SRS o Sl e y-lep slulas slaosly (g kS"J‘]o
32 05y ol iloslsy ,5lsm bld e (851 B 3 Vo S b eba s jlabir laailile Ll ol

A wler  Sdgyaae ol Jlal sbedilobs ate yos g Gloebl colld i)l 4y e (Colys

Authorship Contribution Statement

Majid Shokatzadeh MSc. at Department of Mechanical Engineering, Jundi-Shapur University of
Technology, Dezful, Iran.

Conceptualization, Methodology, Validation, analysis, Investigation, Software,
Visualization, Writing — original draft, Writing — review & editing.

Pezhman Nikandish Assistant Professor at Department of Mechanical Engineering, Jundi-Shapur
Mohsen Ghasemi) University of Technology, Dezful, Iran.

Conceptualization, Resources, Supervision, Project administration, Investigation

&1y =0

[1] Nikandish P. Actuators and Hydrostatic Transmission Systems; Jundi-Shapur University of Technology,
2023.

[2] He Q, Zhang L, Wang Y. Dynamic interaction between cavitation and valve motion in hydraulic systems.
Journal of Fluids and Structures. 2025; 138: 104982.

[3] Liu M, Wu D, Chen J. Design of a novel pump cavitation valve and study of its cavitation characteristics.
Water. 2025; 17: 1503.

Nooslols [0 0590 NFF Jlu [ oodigd g 4l piay Slgo Silo



G0 9 (2 sandlho : ( Slg s (lg JUKT bailolw 48 (589 3l Igp jlulua ualy S o Sdos (2b))l g el (2 Y

[4] Seon G, Ahn J, Hwang W. Analysis of the impact of flow characteristics on the separation efficiency and
pressure drop of a cyclone-type oil separator. Journal of Mechanical Science and Technology. 2022; 36: 273—
283.

[5] Silva A.R, Li D, On the bubble breakup dynamics in high-shear swirling flows within cyclonic separators.
Chemical Engineering Science. 2023; 269:118646.

[6] Wang C, Ma Y, Sui W. The secondary flows in cyclone separators: a comprehensive review. Processes.
2023;11: 2935.

[7] Syuriadi A, Identifying the influence of inlet velocity changes on pressure drop and collecting efficiency in
Stairmand and Lapple type cyclone separators. Eastern European Journal of Enterprise Technologies. 2024;
4:22-28.

[8] Bai Y, Ji H, Liu Y, Li L, Yang S. Analysis of bubble flow mechanism and characteristics in gas-liquid
cyclone separators. Processes. 2021; 9:123.

[9] Zhang Z. Experimental study on the separation performance of a novel gas—liquid separator. Separation and
Purification Technology. 2022; 289: 120736.

[10] Chen J, Jiang Z.A, Chen J. Effect of inlet air volumetric flow rate on the performance of a two-stage
cyclone separator. ACS Omega. 2018; 3: 13219-13226.

[11] Kumar S, Banerjee C, Saha S. Effect of cone angle on the performance of hydrocyclones. Powder
Technology. 2018; 335: 273-285.

[12] Zhang P, Duan J, Chen G, Wang W. Numerical investigation of gas—solid flow characteristics in a
circumfluent cyclone separator. Advanced Powder Technology. 2019; 30: 2221-2234.

[13] Li C, Li Z, Zhang Y, Li B. Numerical simulation and experimental study of two-phase flow in a downhole
spiral gas—liquid separator. Frontiers in Earth Science. 2023; 11: 1209743.

[14] Xie X, Liu Y, Zhang H, Wang S. Investigation on the formation mechanism and flow characteristics of
liquid carry-over in gas—liquid cyclone separators. Physics of Fluids. 2023; 35: 123317.

[15] Barua S, Batcha M.F.M., Mohammed A.N, Saif Y, Al-Alimi S, Al-Fakih M.A.M, Zhou W. Numerical
investigation of inlet height and width variations on separation performance and pressure drop of multi-inlet
cyclone separators. Processes. 2024; 12:1820.

[16] Chen S, Li D, Li J, Zhang Y, Wang X. Optimization design of hydrocyclone with overflow slit structure
based on experimental investigation and numerical simulation analysis. Scientific Reports. 2024; 14: 18410.

[17] Mao Y, Chertovskih R, Cai L. Numerical study of the gas—solid separation performance of axial flow
cyclone separators. Inventions. 2024; 9: 34.

3 0ot 18 693 VFF Jlu | douibgh g i iy Slgo Seilio





