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Abstract - The use of aviation fuel (avtur) as the primary
fuel in the aviation industry demands an efficient, safe, and
standard-compliant distribution system. One important
aspect of the aviation fuel distribution piping system is the
pressure drop that can affect flow performance. The main
problem studied in this internship is the magnitude of the
pressure drop in the aviation fuel distribution pipeline that
has the potential to reduce operational efficiency. The
purpose of this study is to calculate and analyze the
magnitude of pressure loss using the Darcy-Weisbach
method and to identify the dominant factors that influence
pressure drop. The methodology used includes literature
studies, collection of pipe and fluid technical data,
calculation of flow velocity, Reynolds number, friction
factor, and evaluation of major and minor pressure losses.
The analysis results show that the aviation fuel flow
velocity of 1.64 m/s is still within the safe distribution
standard limit. The total pressure drop that occurs is
27,914 Pa (0.279 bar), with a contribution of more than
98% coming from minor losses due to connections, valves,
and elbows, while major losses are relatively small. This
finding confirms that pipeline design optimization needs to
focus on reducing additional components with high loss
coefficients to improve the efficiency of the aviation fuel
distribution system.

Keywords: Fluid flow, Avtur, Darcy—Weisbach, Pressure loss,
Minor losses.

I. INTRODUCTION

The use of aviation fuel (avtur) plays a vital role in the
aviation industry as the primary energy source for aircraft [1].
Avtur must be distributed through a pipeline from storage
tanks to filling points with maintained quality and quantity [2].
A crucial aspect of this distribution system is ensuring that the
flow of avtur remains stable, efficient, and complies with
applicable aviation safety standards [3]. Therefore, technical
analysis of fluid flow in the pipeline, including pressure drop,
is crucial [4].

Pressure drop occurs due to friction between the fluid and
the pipe walls and the presence of additional components such
as joints, valves, and bends [5]. If the pressure drop is too
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large, avtur distribution can become inefficient, potentially
even disrupting aircraft filling operations [6]. Therefore,
evaluating pressure drop is a crucial step to ensure the piping
system operates according to its design capacity and is capable
of safely delivering aviation fuel [7].

One widely used method for calculating pressure drop in
fluid flow is the Darcy—Weisbach method [8]. This method is
known to be quite accurate because it takes into account pipe
friction, pipe length, diameter, flow velocity, and the
properties of the flowing fluid [9]. Using the Darcy—Weisbach
equation, pressure drop calculations can be systematically
performed, allowing the results to be used as a reference in
evaluating the design and operational conditions of aviation
fuel pipelines [10].

In the context of fuel storage and distribution facilities in
the aviation industry, this method is highly relevant [11].
Evaluation using the Darcy—Weisbach approach can help
companies determine whether their pipelines still meet
performance standards or require repairs or modifications
[12]. This is crucial for maintaining a smooth aviation fuel
supply chain while minimizing potential losses due to
suboptimal distribution.

Furthermore, pressure drop studies also support safety
aspects [13]. Aviation fuel pipeline systems must be designed
to minimize the risk of leaks or damage due to excessive
pressure [14]. Pressure drop analysis allows early
identification of potential problems and the implementation of
preventive measures [15]. This aligns with risk management
principles applied in the oil and gas and aviation industries,
where safety is always a top priority.

Based on this description, evaluating pressure drop in
aviation fuel pipelines using the Darcy—Weisbach method is
crucial, especially for internships focused on fuel distribution
systems. The evaluation results are expected to provide a real
picture of the performance of the piping system, as well as
serve as a reference in efforts to improve efficiency,
reliability, and operational safety in aviation fuel storage and
distribution facilities.
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Il. MATERIAL AND METHOD
2.1 Fluids and Flow in Pipes

A fluid is a substance that can flow and adapt to the
shape of its container, including liquids and gases [16]. In
fluid mechanics, fluid flow in pipes is a common application,
particularly in fuel, water, and industrial gas distribution
systems. Fluid flow in pipes is influenced by the physical
properties of the fluid, the pipe geometry, and the acting
external forces. Important parameters in fluid flow include
flow velocity, viscosity, density, and pressure [17].

Pipe flow can be distinguished as laminar and turbulent,
determined by the Reynolds number (Re). Flow is considered
laminar if Re < 2300, transitional if 2300 < Re < 4000, and
turbulent if Re > 4000. These flow characteristics significantly
influence the friction factor value used in pressure loss
calculations [18].

2.2 Pressure drop

Pressure drop is the decrease in fluid pressure along a
pipe flow due to friction with the pipe walls and additional
components such as valves, connections, and bends. Pressure
loss can be divided into two categories: major losses —
pressure loss due to fluid friction with the pipe walls along the
flow and minor losses — pressure loss due to additional
components in the piping system, such as valves, fittings,
bends, and pipe narrowing/widening.

The magnitude of the pressure drop is crucial to analyze
because it affects the performance of the fluid distribution
system. If the pressure drop is too large, additional pumping
power or improved pipe design are required to maintain
efficient fluid distribution.

2.3 Factors Affecting Pressure Drop

Several main factors influence pressure drop in fluid flow
through pipes, including: Pipe Length (L) — The longer the
pipe, the greater the pressure loss. Pipe Diameter (D) — Pipes
with small diameters produce higher flow velocities, resulting
in greater friction and increased pressure drop. Flow Velocity
(V) — The greater the fluid velocity, the greater the energy lost
due to friction. Fluid Physical Properties — Density (p) and
viscosity (u) affect the Reynolds number and flow
characteristics. Pipe Surface Roughness (&) — Pipes with rough
surfaces will create higher friction than smooth pipes.
Additional Components — Valves, elbows, reducers, and other
fittings add minor losses to the system.
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2.4 Darcy-Weisbach Equation

The Darcy-Weisbach equation is a fundamental method
for calculating major pressure losses in fluid flow in pipes.
This equation is stated as follows [19]:

Where:
H¢ = pressure loss (m)
f = friction factor (dimensionless)
L = pipe length (m)
D = pipe diameter (m)
V = fluid flow velocity (m/s)
g = gravitational acceleration (9.81 m/s?)

To calculate pressure loss in terms of pressure, the
equation is used:

AP =p-g-hs
where, p = fluid density (kg/m3).
2.5 Friction Factor

The friction factor (f) in the Darcy—Weisbach equation
depends on the flow conditions:

Laminar Flow (Re < 2300)

_64
f_Re

Turbulent Flow (Re > 4000)

Using the Colebrook—White equation approach:

€
L5t 251
— = 2logil ==

where ¢ = pipe roughness (m).

For practical solutions, the Moody diagram is typically
used as a reference to determine the value of f based on the
Reynolds number and pipe roughness ratio.

2.6 Minor Pressure Loss

Minor head loss is calculated using the equation:

VZ
H, =K —
m Zg
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Where:
Hpm = minor head loss (m)
K = loss coefficient for fittings or valves (dimensionless)

V = fluid velocity (m/s)

The total head loss in a piping system is the sum of major and
minor losses:

Ptotal =Pf+zpm

The right-hand flow loss formula is as follows:

P, =pXgxH,
2.7 Avtur as a Working Fluid

Aviation Turbine Fuel (avtur) is a kerosene-type liquid
fuel used in aircraft turbine engines. Avtur has different
physical properties than water, including a density of
approximately 775-840 kg/m3 and a kinematic viscosity of
1.3-1.9 cSt at 15°C. These characteristics affect the Reynolds
number and the calculation of pressure loss in the pipeline
system.

Figure 1: Pipelines

In fuel distribution systems, avtur must be pumped
through pipelines (as in Figure 1) at maintained pressure to
meet aviation safety standards. Therefore, pressure drop
analysis using the Darcy—Weisbach method is highly relevant
to ensure smooth flow and distribution efficiency.

I11. RESULTS AND DISCUSSIONS
3.1 Technical Data

The following table presents the main data of the aviation
fuel piping system which is the basis for calculating pressure
drop using the Darcy-Weisbach method.

Table 1: Technical Data
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) Total pipe length 28,15 m
L)
3 Flow rate (Q) 0,0133 m3/s (800 LPM)
Aviation fuel
4 density () 796 kg/m?3
5 Fluid temperature 27 °C
6 Fluid type Avtur

3.2 Calculation Results

With the above data, it will be used to evaluate the
pressure drop using the Darcy—Weisbhach method.

3.2.1 Flow Velocity (V)

The flow velocity is calculated using the equation:

With a flow rate of Q=0.0133 m%s and a pipe cross-sectional
area of A=0.0081 m?, we obtain:

~0,0133
~0,0081

=1,64m/s

A velocity of 1.64 m/s indicates that the fluid is flowing
steadily and not too high, so the risk of cavitation or fluid
vibration is relatively low. This value is in accordance with
fuel distribution standards, which are generally below 2 m/s
[20].

3.2.2 Reynold Number (Re)

The Reynolds number is used to determine the
characteristics of fluid flow. The equation is:

V-D
Re =

v

With a flow velocity of V=1.64 m/s, a pipe diameter of
D=0.1016 m, and a kinematic viscosity of aviation fuel of
v=1.5x10"° m?/s, we obtain:

o, _ 164X 01016
€= T 15x10°5

This value indicates that the flow is turbulent.

=1,1x10°

3.2.3 Friction Factor (f)

Under turbulent flow conditions, the friction factor is
determined using a Moody diagram, taking into account the
Reynolds number and the roughness of the steel pipe. The
calculation yields:

No. Parameter Value / Data
1 Pipe diameter (D) 0,1016 m f=10,018
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This value indicates a relatively low level of friction,
indicating that the pipe is still in good condition. The major

pressure loss due to friction along the pipe is calculated using
the Darcy—Weisbach equation:

L pV?
wr=ro

With f=0.018, L=28.15m, D=0.1016, p:796kg/m3 and
V=1.64 m/s, we obtain:

APf =514 Pa = 0,005bar
This value is relatively small compared to the total
pressure drop in the system.

3.2.5 Minor Pressure Loss (4Pm)

Minor losses come from fittings, valves, and elbows. The
equation is:

K- pV?
2

With the total loss coefficient K from all connections, the
result is:

APm =

APm = 27.400 Pa = 0,274 bar

This value is much greater than the major losses, making
it the primary cause of pressure drop.

3.2.6 Total Pressure drop (4Pytal)

The total pressure drop is calculated by summing the
major and minor losses:
AP, = APf + APM
AP,y = APf + APM
AP,y = 514 + 27.400 = 27.914 Pa = 0,279 bar

This result indicates that more than 98% of the pressure
drop comes from minor losses. Therefore, piping design needs
to consider the number and type of connections to ensure the
system operates more efficiently [21].

3.3 Discussion of Calculation Results

Based on calculations using the Darcy—Weisbach
method, the jet fuel flow velocity in the pipe was 1.64 m/s.
This value indicates that the flow is stable and meets the
generally recommended liquid fuel distribution standards of
less than 2 m/s, thus avoiding the risk of cavitation or
excessive fluid vibration [20]. The Reynolds number
calculation showed a value of 1.1 x 10°, indicating that the
flow is in a turbulent regime. This condition is normal in
pressurized fuel piping systems and affects the pipe friction
factor.
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The obtained friction factor value was 0.018, consistent
with the conditions of the steel pipe used. Using this value, the
pressure loss due to friction along the pipe (major losses) was
calculated at 514 Pa or approximately 0.005 bar. This result is
relatively small, so it can be concluded that the pipe length
does not significantly affect the total pressure drop.

In contrast, calculations of pressure loss due to additional
components (minor losses) such as elbows, valves, and
connections showed a much higher value, at 27,400 Pa, or
approximately 0.274 bar. These results confirm that the
primary factor causing pressure drop in the aviation fuel
piping system is the number and type of fittings used [21].

Overall, the total pressure drop was 27,914 Pa, or 0.279
bar. This figure is still relatively small compared to the pump
capacity used in the aviation fuel distribution system, but it
still indicates that minor losses contribute more than 98% of
the total pressure loss. Therefore, this analysis suggests that
pipeline optimization is more effective by reducing the
number of fittings or selecting components with lower loss
coefficients, rather than solely considering pipe length.

IV. CONCLUSION

Based on the analysis using the Darcy—Weisbach method
on the aviation fuel piping system, the results showed that the
flow velocity of 1.64 m/s is within reasonable limits for the
distribution of liquid fuel. The Reynolds number value of 1.1
x 10° indicates that the flow is in turbulent conditions, in
accordance with the characteristics of the pressure piping
system. Major pressure loss due to friction along the pipe is
only 514 Pa (0.005 bar), while minor losses due to fittings,
valves, and connections are much greater, namely 27,400 Pa
(0.274 bar). Thus, the total pressure drop that occurs is 27,914
Pa (0.279 bar), where more than 98% of the pressure drop is
caused by minor losses. This confirms that additional
components in the piping line are the dominant factor in
influencing pressure drop, not the length of the pipe itself.
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