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ABSTRAK 
 

 

  

Aliran cecair di persimpangan paip hidraulik pesawat mengalami masalah kerana gangguan 

terhadap halaju aliran minyak dan frekuensi yang berbeza daripada dua pam di dalam pesawat. 

Dalam kajian ini, aliran cecair dan persimpangan-Y telah digunakan dan dianalisis 

menggunakan perisian Solidwork. Berdasarkan kajian sebelum ini, terdapat pengubahan 

puncak halaju di persimpangan dengan frekuensi yang berbeza. Di samping itu, pusaran dan 

kejutan halaju wujud di sudut simpang dan keadaan menjadi terhad. Walau bagaimanapun, 

melalui peningkatan teknologi, persimpangan-Y diguna pakai. Persimpangan-Y adalah satu 

lagi industri tradisional yang akan membantu untuk mengurangkan kerugian tekanan 

persimpangan. Setiap persimpangan mempunyai struktur yang berbeza. Majoriti penulis 

membandingkan ciri-ciri persimpangan-Y dan simpang T atau lain lain. Pembangunan 

persimpangan-Y telah menghilangkan pusaran cecair di persimpangan. Walaupun pusaran 

hilang dalam persimpangan-Y, kejutan halaju dan kehilangan tekanan masih terlalu besar. Bagi 

menangani masalah ini, simpang lengkung telah direka. Berdasarkan bidang aliran simpang-

lengkung, pusaran di sudut persimpangan itu telah hilang dan maksimum puncak halaju telah 

merosot berbanding T dan Y-persimpangan. Melalui perbandingan kehilangan tekanan antara 

ketiga-tiga simpang, simpang-lengkung telah mengalami nilai kehilangan paling rendah iaitu 

30.23 MPa, dan kehilangan tekanan telah mencecah nilai minimum 50.25 m/s. 

 

 

 

 

 

 

 



 
 

 

 

 

ABSTRACT 
 

 

 

The flow field in junction of an aircraft hydraulic pipe system is complicated due to the ripple 

property of oil flow velocity and different frequencies of two pumps in aircraft. In this study, 

the flow fields of T-junction and Y-junction were drawn and analyzed using Solidwork 

software. Based on previous study, there are variation rule of velocity peak in T-junction with 

different frequencies and phase-differences. In addition, the eddy and velocity shock existed in 

the corner of the T-junction and the limit working state was obtained. However, through the 

enhancement of technology, Y-junction is adopted. Y-junction is another traditional industrial 

device which would help to minimize the pressure losses of junction. Y-junction is a kind of 

joint and has different structures from T-junction. The development of Y-junction has led to 

the disappearing of eddy. Although the eddy disappeared in Y-junction, the velocity shock and 

pressure loss were still too big. To address these faults, an arc-junction has been designed. 

Based on the flow fields of arc-junction, the eddy in the junction corner disappeared and the 

velocity loss declined compared to T-and Y-junction. Through the comparison of the pressure 

loss of three junctions, the arc-junction experienced the lowest loss value which is 30.23 MPa 

and its pressure loss has reached the minimum value of 50.25 m/s. 
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CHAPTER 1 
INTRODUCTION 

 

 

1.1 Aircraft Hydraulic Pipe System 

 Hydraulic system utilizes a type of fluid under pressure to drive any machinery or 

apply movement on mechanical parts. Based on the description provided, some of them are 

present on virtually all of the aircraft types. The utilization of hydraulic power might be 

constrained to the use of wheel brakes as it were in a light or general aviation aircraft. In 

bigger and more complex aircraft, it might be utilized to give the muscle to work a wide 

assortment of parts and systems.   

 Hydraulic oils function as it transmits power, it lubricates moving parts, seals 

clearance between moving parts and dissipates heat for cooling purposes. Hydraulic systems 

comprising of reservoir, accumulator, filter, hydraulic pump, directional control valve and 

pressure control valve. 

 This review is identified with Pascal's guideline. The transmission of fluid pressure 

expresses that pressure applied anyplace in a kept incompressible fluid is transmitted 

similarly every way all through the fluid with the pressure ratio still the same (Bloomfield, 

2006). Pascal's Law expresses that the pressures in both chambers are the same which is 

(p1=p2).  

1.2 Operation of Aircraft Hydraulic Pipe System 

 
 A hydraulic power pack is a little unit that comprises of an electric pump, channels, 

repository, valves, and weight help valve. The benefit of the power pack is that there is no 

requirement for a centralized hydraulic power supply system and long extends of pressure 

driven lines, which minimises weight. Control power packs could be driven by either a 

motor gearbox or electric engine. Combination of basic valves, channels, sensors, and 

transducers diminishes system weight, eradicate any chances for external leakage and 

improves investigating. Some power pack system have an incorporated actuator. These 
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systems are utilized to control the stabilizer trim, landing gear or flight control surfaces 

directly, hence get rid of with the requirement for a centralized hydraulic system. 

  

 Under every wing side in huge aircraft, there are two hydraulic driven pumps 

(EDPs). The rudders require expansive stream to change areas, so the two EDPs will supply 

oil at the same time when the aircraft is under maneuver flight. The three pipes connected 

by a junction which have two inlets to combine the oil and an outlet to export. (X.Li, 2013). 

 The primary hydraulic flow and pressure supply for the hydraulic users are 

represented by EDPs. The regular EDP setup is a compensated pressure, variable 

displacement cylinder pump fit for shifting the volume of liquid conveyed to keep up 

hydraulic system pressure. The group is comprised of the parts that achieve the pumping 

task. The chamber barrel, containing the piston shoe subassemblies, is driven by means of a 

splined drive shaft. The piston shoe subassemblies are compelled by a hold-down plate and 

use hydrostatically adjusted shoes that keep running on the holder surface. As the barrel 

turns, the cylinders respond inside their bores, taking in and releasing fluid through a 

stationary valve plate interfacing with the port top. 

 The hanger is supported by bearings that permit angular rotation about an axis 

perpendicular to the cylinder barrel center line. By changing the angle of the hanger, the 

length of the piston stroke varies, resulting in a change in pump displacement. During 

operation, pump discharge pressure is regulated by the aid of compensator. The pressure 

compensator maintains the delivery pressure by regulating the hanger angle and subsequent 

discharge flow in response to changes in system pressure. 

 

1.3 Problem Statement 

 Hydraulics term was drawn depends on the Greek word for water and initially 

implied the investigation of the physical behaviour of water at rest and in movement. 

Today, the significance has been extended to incorporate the physical conduct of all fluids, 

including hydraulic fluid. Early aircraft had hydraulic brake mechanisms. As aircraft turned 

out to be more complex, more up to date systems with hydraulic power were produced. 
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 Under each wing side in large aircraft there are two hydraulic engine driven pumps 

which are T junction and Y junction. These junctions will lead to computational of pressure 

losses (C.N Sokmen, 2011). The new arc junction contributes a curved pipe at the junction 

in order to minimize the pressure losses.  

          The flow field in intersection is convoluted because of the property of oil stream 

speed and diverse frequencies of two intersections in aircraft which are T junction and Y 

junction. The pressure loss and velocity loss were too huge. To eliminate these issues, an 

arc junction will be composed (N. Shao, 2011). In view of the flow field of arc junction, the 

eddy or known as whirlpool in the junction corner may be vanished and the velocity drop 

expected that would be declined contrasted with T and Y junction. 

      The calculation of pressure loss is the result of fluid flow in a particular pipe which 

frequently flows from a high pressure location to a lower pressure location. Based on the 3 

designs used, arc junction has been expected to be the best design compared to T-junction 

and Y-junction (S. Wang, 2013). In this project, arc junction will be designed and the 

behavior of the fluid flow in the pipe will be compared. 

 

1.4 Objectives 

Based on the problem statement, the following objectives were drawn: 

1) To design a new model of junction for aircraft hydraulic pipe systems. 

2) To simulate the fluid flow properties in the junction with computerized simulation. 

3) To compare a new design of branch pipe with the existing T-junction and Y-junction 

 pipe. 

 

1.5 Work Scope 

Based on the objective, the following scopes are formed: 

1) Designing a new junction in the shape of arc by using SOLIDWORK software. 

2) Simulating the new junction using SOLIDWORK software. 

3) Comparing the new arc junction with the existing T-junction and Y-junction. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Aircraft Hydraulic Pipe System 

 Hydraulics term was drawn depends on the Greek word for water and initially 

implied the investigation of the physical behaviour of water at rest and in movement. 

Today, the significance has been extended to incorporate the physical conduct of all fluids, 

including hydraulic fluid. Early aircraft had hydraulic brake mechanisms. As aircraft turned 

out to be more complex, more up to date systems with hydraulic power were produced. 

Under each wing side in large aircraft there are two hydraulic engine driven pumps which 

are T junction and Y junction. These junctions will lead to computational of pressure losses 

(C.N Sokmen, 2011). The new arc junction contributes a curved pipe at the junction in order 

to minimize the pressure losses.  

 Previous aircraft hydraulic systems were utilized to apply brake pressure. The 

arrangement of structure optimized the vegetable oil based hydraulic fluid. As aircraft 

configuration delivered bigger and quicker aircraft, more noteworthy utilization of hydraulic 

was required. These advances prompted to improvement of petroleum-based hydraulic 

fluid, for example, Mil-O-3580 and later Mil-H-5606. Not long after World War II, the 

developing number of aircraft hydraulic fluid created the global concern regarding the 

flying industry business and general society. In year 1948, Monsanto Company worked with 

Douglas Aircraft Company to build up a fire resistant hydraulic fluid depends on phosphate 

ester, which was named Skydrol® 7000. As the aviation transportation has moved toward 

planes, Skydrol® 500A liquid was produced to meet the ecological needs of the new plane, 

and with the constant improvement of more high technology aircraft promote adjustments to 

Skydrol formulation. These progressions, required by the aircraft producers, are known as 

adjustments to the liquid determination or essentially as Type (I), (II), (III) and now Type 
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(IV) liquids. Skydrol® LD4 and Skydrol® 500B-4 water driven liquids are Type IV liquids 

planned to surpass the inflexible particulars of the flying machine makers. They have been 

in business use since 1978 and have shown remarkable execution. In 1997, Solutia Inc. was 

shaped from the substance organizations of Monsanto. Solutia proceeds as the world 

pioneer in flight water driven liquid administration and support. Skydrol® (LD4) and 

Skydrol® (500B4) hydraulic fluids are Type (IV) fluids formulated to exceed the rigid 

requirements of the aircraft producers. 

 Hydraulic systems function to move and incite landing rigging, flaps and brakes. 

Bigger aircraft utilize these systems likewise on flight controls, spoilers, push reversers and 

so forth. The motivation to utilize hydraulic is on account of they can transmit a high 

pressure and force with a little volume of fluid. Hydraulics depends on the law that fluids 

are incompressible. A hydraulic system is where the fluid under pressure utilized to transmit 

energy. The change over mechanical energy from hydraulic power is done by hydraulic 

pump itself. However, an impelling chamber changes over hydraulic energy to mechanical 

power. 

 Hydraulic transmission law is a fluid transmission comprising course and stream 

control. For example, pressure in a liquid, transmission of drive by a pressure driven liquid, 

Pascal's law, hydraulic activation, water driven press, framework necessities. Fluid  sort and 

properties containing vegetable, mineral, ester-based oils, hydraulic fluid identification 

running, filtration sources and outcomes of liquid tainting (Pearson Education Limited, 

2007). Aircraft applications containing power framework contrast between electrical, 

pressure driven and pneumatic. Water driven power applications incorporates landing gear, 

impediment frameworks (push reverser, arrestor snare, wheel brake, controlling, auto-

braking, antiskid), flying controls (ailerons, rudder, lift, tail plane, lift increase, lift decrease, 

trim, manufactured feel) (Pearson Education Limited, 2007). 

 For all intents and purposes all aircrafts make utilization of some powerfully 

hydraulically parts. In light, general flight airplane, this utilization may be constrained to 

transmit pressure to enact the wheel brakes (William Durfee, 2010). In bigger and more 

complex planes, the utilization of powerfully hydraulically parts is a great deal. 
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2.2 Type of Aircraft Hydraulic Pipe System 

 Aircraft hydraulic pipe system consists of 3 pipe designs which are T-junction, Y-

junction and arc junction. Based on the 3 designs used, arc junction has been expected to be 

the best design compared to T-junction and Y-junction. All these types of designs will be 

discussed below based on previous study. 

 From the research of (Wand LY et al.,2008), the oil/water two-stage stream inside T 

junction was numerically reproduced with a 3-D two-liquid model, and the turbulence was 

depicted using the blend κ - ɛ demonstrate. A few tests of oil/water stream inside a solitary 

T junction were directed in the research laboratory. The outcomes demonstrate that the 

isolating execution of T junction relies on the bay volumetric part and stream designs. A 

sensible understanding is achieved between the numerical simulation and the analyses for 

both the oil division circulation and the detachment productivity. 

 According to (P. Margaris et al., 2007), the standard of element detachment with T 

junction having a level run and a vertical branch is introduced. The investigation of gas–

liquid stream frameworks including T junction is imperative for applications to stage 

partition in gas–liquid transport pipelines, however the multifaceted nature of the multi-

dimensional marvel of isolating two-stage stream in T junction needs exceptional 

displaying. In light of the key mass, force and energy equation, the numerical model 

empowers the expectation of stage dissemination and pressure loss through the intersection 

assessing the two-stage stream design and the stream confinement in the tee-branch. The 

great understanding of the numerical reproduction comes about with test information 

approves the scientific demonstrating and prompts to the conclusion that the created 

computational code is an extremely valuable instrument for the stream portrayal of a T 

junction separator. 

 The constitution of work indicates that  an augmentation of two past trial considers, 

inspecting the stream field in a square tube T junction with a period subordinate intermittent 

channel stream rate (zero to a most extreme esteem) and equivalent branch stream rates (J.S. 

Anagnostopoulos et al., 2004). In view of numerical expectations, more subtle elements of 

the stream field are uncovered, not being effortlessly distinguishable by the examination. 

Accentuation is given on the distribution districts inspecting the speed, pressure, and divider 

shear push conveyances and additionally the constraining streamlines as an element of time. 
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 In the time of increasing speed, an adverse pressure angle develops at the 

intersection due to the streamlines shape, bringing about stream partition before stream top, 

which starts at the comers of the tube cross segment. Stream detachment and reattachment 

lines, dictated by the restricting streamline topology, move separated amid deceleration. 

Stream shrewd cross-stream vortices show up in both branches, being much more grounded 

in the 90° branch. 

 The attributes of the last vortices, in particular their dissemination, twirl proportion, 

speed dispersion, and in addition the procedure of their introduction to the world toward the 

start of every cycle are inspected in detail. Divider shear push dispersions show most 

extreme qualities at the passageway of the 90° branch, taking qualities corresponding to the 

gulf time subordinate stream rate (D.S. Mathioulakis et al., 2004). At long last, correlations 

with enduring delta conditions demonstrated that in the insecure case the stream can support 

much higher antagonistic pressure before isolating. 

 Based on the exploration by (R. Sierens et al., 2003), the injector situated at 40 cm 

from the delta valve of the motor is made by Vialle and was intended to convey huge 

volumes of gas. With an electronic circuit, the beginning of infusion and the infusion span 

can undoubtedly be managed. The infusion pressure is directed by a valve on the H2 

stockpiling bottle. The injector is put at various edges to the delta wind current. Figure 2.1 

demonstrates the four analyzed inlet geometries at various intersections: 

 

Figure 2.1 : Inlet geometries at different junctions (R. Sierens et al., 2003) 
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 According to (Mansur EA et al., 2008) to additionally comprehend the stream field 

in the micro mixer, CFD recreations of blending in T micro mixer and DT micro mixer with 

and without static blending component were completed by utilizing Fluent programming. A 

3D strong model of the two blenders was constructed utilizing Gambit, the pre processor for 

Fluent. The measurements of the two strong models are outlined in Figure 2.2. The strong 

model of the T micro mixer was comprised of 304000, though the DT micro mixer was 

comprised of Passive twofold T formed micro mixer with 3 static blending components of 

676775 block components. Two species (An) and (B) are thought to be incompressible and 

their physical properties are indistinguishable to those of water at 20 ℃. Species (A) was 

indicated to enter the DT micro mixer from the principal right bay and second left gulf 

while species (B) was determined to enter from the primary left delta and second right bay. 

 

Figure 2.2: Passive double-T-shaped micromixer (Mansur EA et al., 2008). 

 

 As indicated by (Li Xin et al., 2013), he said that from the stream field investigation 

of T junction in two working modes, the variety control of the speed pinnacle is gained, and 

the vortex exists toward the side of T junction. The point of confinement state happens 

when ω1 = ω2 and φ1 = φ2. In light of the farthest point express, the stream fields of Y-

intersection are acquired. Despite the fact that there is no swirl before α = 75, raised speed 

stun exists in the corner and the curved drop happens because of the pipe design. On the off 

chance that the estimations of α is too little or too extensive, the pressure drop would 

increment because of the curved drop and conjunction drop. 
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 In view of the research by (N. Shao et al., 2011), the impact of gulf conditions on the 

recurrence and size of the air pockets that shape amid gas-fluid Taylor stream in micro 

channels is reviewed in this paper. Three distinctive gulf designs, T, Y, and M junction and 

three test channels with water driven breadths 0.345 mm, 0.577 mm, and 0.816 mm were 

utilized. Figure 2.3 demonstrates the gulf designs utilized as a part of the parametric review 

on air pocket measure. 

 

Figure 2.3 : Inlet configurations used in the parametric study on bubble size: (a) T-junction    

(b) Y-junction (c) M-junction. The mixing zones (volumes) at the inlet are shown for the 

three configurations. L: liquid inlet, G: gas inlet, O: outlet (N. Shao et al., 2011). 

 

 As indicated by (Li Xin et al., 2013), through structure enhancement and analysis, 

the stream fields of circular segment intersection demonstrates that the swirl of intersection 

corner vanishes and stream field execution after conversion is superior to T junction and Y 

junction. Through the reproduction with various arch radii of the circular segment 

intersection, it can be inferred that the speed crest diminishes with the sweep of shape 

expanding and the estimation of speed pinnacle changes easily after 35 mm. 
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 From the research of (Costa N.P et al., 2006), the estimations of pressure loss were 

done for the stream of a Newtonian liquid in 90 deg tee intersections with sharp and round 

corners. Adjusting the corners decreased the vitality loss by somewhere around 10 and 20%, 

contingent upon the stream rate proportion, because of the devaluation in the stretching 

stream drop coefficient, while the straight stream essentially stayed unaffected. The relating 

point by point estimations of mean and turbulent speeds for a Reynolds number of 31,000 

and stream rate proportion of half demonstrated that adjusting the corner prompt to an 

expansion in turbulence in the branch pipe. The increased turbulence diffused momentum 

more efficiently thus reducing the length of the recirculation by 25% with its width and 

strength also decreasing in magnitude.  

 The general impact of the expanded dispersal because of turbulence and diminished 

dissemination because of mean stream irreversibility in the distribution was a decline in the 

comparing drop coefficient (Costa N.P et al, 2006). Figure 2.4 shows the comparison 

between two types of edge. 

 

Figure 2.4 : Comparison between sharp-edge tee(left) and rounded-edge tee(right) 
(Costa NP et al., 2006). 

 

 According to (S.Wang et al., 2013), the pressure loss of arc junction is the least one 

among three sorts of junctions. The prssure loss of circular segment intersection gets its 

base esteem which is 0.538 m when the curvature radius is 35.42 mm. It is considered as the 

ideal structure of arc junction due to minimal pressure drop and less velocity drop. 
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Comparison Between Type of Hydraulic Pipe System 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HYDRAULIC PIPE SYSTEM 

T-junction Others Y-junction 

Insecure stream in 
a square tube T 
junction with flat 
branch, symmetry 
plane and vertical 
branch 
(Mathioulakis, 
2004) 
- Stream can keep up 
much higher 
unfavorable pressure 
angles. 

The impact of the 
infusion parameters 
with four sorts of 
junctions (T, Y, 45 
deg, 45 deg reverse). 
(R.Sierens, 2003) 
-Y junction gains the 
highest power outlet 
 

Appropriation of three 
diverse channel 
designs (T, Y, M).  
(N.Shao, 2011) 
-M junction gets the 
biggest mixing    
volume and longer 
bubbles 

PRESENT STUDY: CFD Simulation of Fluid Flow Parameters in Junction Of An 
Aircraft Hydraulic Pipe System. 
- All three drawings which are T-junction, Y-junction and arc junction will be drawn by 
CATIA (computer aided three-dimensional interactive application) and simulated by using 
SOLIDWORK software. 
- The study will be analyzed from the aspect of diameter of the pipe, fluid velocity and the fluid 
pressure.   
- Based on the 3 designs used, arc junction has been expected to be the best design compared to 
T-junction and Y-junction.               
 

CFD philosophy used to 
overcome the issue of the 
expectation of the stream in a T 
junction.  
(E.Merzari, 2009) 
-An Unsteady Reynolds Averaged 
Navier-Stokes (URANS) approach 
has been chosen for its low 
computational cost. 

The impact of gulf 
conditions on the 
recurrence and size 
of the air pockets that 
shape amid gas–
liquid Taylor stream 
in microchannels.  
(A. Gavriilidis, 2011)-
 The nitrogen and 
octane which have 
different surface 
tensions used as test 
fluids.   




