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ABSTRACT

This study introduces a series of processes aimed at understanding the noise characteristics generated by jet engines and devising measures
to mitigate them through interdisciplinary capstone design projects. During the project execution, educational methods were applied
to foster 4Cs (creativity, communication, collaboration, critical thinking) competencies. Project objectives were set through team discussions,
and individual team members were assigned primary roles to act as subgroup leaders. As a result, the project was executed as follows:
combustion tests were conducted using an SR-30 turbojet engine to generate noise, and the locations and characteristics of the noise
sources were identified using beamforming techniques and frequency analysis applied to a 30-microphone array. Additionally, chevron
nozzles were designed and fabricated to confirm their noise reduction performance.
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Fig, 1 Noise sources of low by—pass turbojet engine
(Source: Rolls—Royce)
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1. SR—30 Turbojet Engine
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Table 3 Specifications of SR-30 turbojet engine delivered
by Turbine Technologies

Content Value [unit]
Max. Thrust 40 1bf (178 N)
Max. RPM 87,000
Mass Flow 0.5kg/s
Exhaust gas temp. 720 °C
Engine Diameter/Length 170 mm / 270 mm
Compression Ratio 3.4:1
Approved Oils MIL-PRF-23699F-STD
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Fig, 2 SR-30 turbojet apparatus and engine cutaway
(Source: Turbine Technologies LTD)
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3. Chevron Shape Nozzle
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Fig. 4 3D CAD models of chevron nozzle for experiments

Table 4 Parameter values of chevron nozzle

Nozzle Shape Count(n) | 4/kh | &/d | Area ratio
A plain - - - 1
B triangle 2 0.25 0.167 0.88
C triangle 4 0.125 | 0.167 0.92
D rectangle 2 0.2 0.2 0.92
E rectangle 4 0.11 0.167 0.93
24
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Fig. 5 Activities for chevron nozzle manufacturing and
mounting on SR-30 turbojet engine apparatus
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Lt. Frequency Spectrum Analysis

Fig. 8= SR-30 turbojet engine?] run-up/run-down =<t
Of HA| Fut S FAste] 7153 waterfall plotoltt.
ol B3l X 7tE F AR FIFY 45 TR V|oEE &
43k 5 I3ick WA 2z SlskEe] Ao 27

a2 T
= Tk goo] ek AREEY|, o= 979 o]
EE 7= 45719 Pl Edalr(blade passing frequency,

BPR)F dAjstiom, 12}, 22} BPF7} 71 Zdte]l 7k &
FFS vjA L Qlck. ghE, 26719 EYOI=E = EHYlQ
BPF= A& o= njujgt Aog vepdt), 94 S&F AE
ofgt &g F& 2kHz oA HAEN oM 100 % 2
(full throttle)ollA 7P =& =g 2=t} Fig. 92 50 %

Journal of Engineering Education Research, 27(4), 2024

Zg LrtolAe) S8k (sound power) ¥ S (sound
pressure level, SPL)S Fal= tfg o2 Yea Qlt}, Fig.
9(a)ollA =719] BPF7ZF AdFloA] A= 71 2 A of

256k

50% thrust |
section

_ 3rd BPF (comp.)
\ *_Ast BPF (turbine)

Hz 16k

/an BPF (comp.)

’ \ //1st BPF (comp.)

N

8k

16 4k

0 40 80 sec 160 160 2394

Fig. 8 Waterfall plot

8 ==
g ll Al
= PEFP A | 30N Fy 2 A
£ B e = S B g
(@ £ ’ <ot 1st BPF 2nd BPF
= (comp.) (comp.)
K
o
4k 8k Hz 16k 20k 24.6k
8 —
2
£ MAWWA,*
2 Jet wﬁ
(b) = 1st BPF 2nd BPF 1
= (comp.) (comp.)
p:d
8
4k 8k Hz 16k 20k 24 6k

Fig. 9 Frequency spectra at 50% thrust: (a) total sound
power, (b) selected mesh point at nozzle end

<nozzle B> <nozzle E>

(c)

Fig. 10 Chevron nozzle effects with regards to thrust
level: (a) idle, (b) 50%, (c) 100%

25



j=

WA 78 2

Table 5 Education and learning activities of capstone design project
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