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Fuel System Design of the Smart UAV

Chang-Duk Kong* - Myoung-Cheol Kang** - Chang-Ho Lee***

ABSTRACT

In this study, the fundamental design procedure for the Smart UAV fuel supply system was
set up, and the preliminary design was performed to meet the vehicle system requirements. The
fuel system layout was determined through consideration of vehicle system requirements, and
then fuel tank layout, design of components such as booster pump, jet pump, pipe, vent system,
weight estimation, etc. were carried out. Based on this fuel system layout, operational reliability

analysis was carried out.
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Table 1. Total Weight Estimation Ag FFI ol =199 X+ Fig. 37 21
; Byd U@ §33 RY £4S Adsge
Components Qty. | 20.1 kg Sl ]-0“ W fE 4 48 At
A = =
Booster Pump 2 14 o AR Table 29 2tk o] ), Sgfeln
Jet Pump 4 04 19 FHQp)S AN 8F FF9 1/38.2 7}
Pressure Switch 2 0.62 Aslx, 7zt =elolr FRle] 'IQF%}:(QP1,2,3/4)'\% xdy
Differential Pressure Switch 1 0.45 g3 A2 vdsld ATk
Flap Valve 9 1.8
Fuel Flow Meter 1 1.25
Vent Float Valve 4 0.6 FET
Vent Relief Valve 4 0.132 D
Bypass Relief Valve 1 0.033 wr ¢ a T
Check Valve 4 0.2
Drain Valve 6 0.6 RFT
Maintenance Shut-off Valve 1 0.63
Defueling Valve 1 0.2
Main Shut-off Valve 1 0.63
Capacitance Fuel Quantity
8 8.8
Guage
Low Level Sensor 4 0.2
Filler Cap 4 04
NACA Intake for FT Vent 2 0.7 Fig. 3 Schematic layout of fuel feed and transfer
Filter 1 1 line
Pipes and Connectors 2.3 kg
TOTAL WEIGHT ESTIMATION 224 kg Table 2. Fuel flow rate of fuel feed and transfer
8.07E-05
ARG Q
AP —(ZK +FJ‘§PV ) Qp12 9.61E-06
Qp34 3.84E-06
YK-nza 7HE 4459 & Qpt T 260E05
A8 o]ld HHolEte] FAFL non-return Qsl,2 2.88E-05
valve, servicing coke, low pressure filter, low Qs34 1.15E-05
pressure shut-off cokeolt}. LPEE ] o3 ¢ Qd1,2 3.84E-05
g Ao Fadx @7 #HEd FAFAH. Qd34 1.54E-05
WH e cacke] &AL ofget 2o Qdt 1.08E-04
1 Qtotal (m’/s) 1.08E-04
AP=C, x=pV?’
P @
Qe = RrE®E EZ d2F,
C,=C, xa, xa, 3) Qp = =&o]B #Rl Jd5F
Qs = Jd8d93 FY A8%
G =583 48 &4 AF, Qd = AERZ E2 AT,
a = B2 Y wHel BAAS, 12 = A, % 4 4573,
34 =, +3M A =
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Fig. 5 Required boost pump capacity
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Fig. 6 Design parameters for a jet pump
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Table 3. Results of Jet Pump Sizing

Altitude (km) 0 3

Qp (m%/s) 1.01E-05 8.05E-06
Qs (m’/s) 3.03E-05 2.42E-05
An (m?) 9.22E-07 1.70E-06
Dn (m) 0.0011 0.0015
Am (m?) 9.22E-06 1.70E-05
Dm (m) 0.0034 0.0047
Lm (m) 0.0240 0.0326
Ad (m?) 0.000032 0.000060
Dd (m) 0.0064 0.0087
Ld (m) 0.0285 0.0388
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Table 4. Results of Clack Valve Sizing Table 5. Air Flow Requirement Calculations
Fuel : 3 3
Volum 1
Head | 0.005 | 0.01 | 0.015 | 0.02 | 0.025 olume (m)| Q (/s) |Q (/%)
(m) Wing Tank(2) 0.148 0.547762 | 0.000542
Required
Area | 3430 | 2425 | 198.0 | 171.5 | 1534 Forward Fuselage| . -0 | (640089 | 0.000634
( mmz) Tank
Valve  Rear Fuselage 0185 | 0.684703 | 0.000678
Diamete | 209 | 176 | 158 | 148 | 140 Tank
r (mm)
Table 6. Results of Wing Vent Pipe Sizing
w0 | Pipe Diameter (in) 3/8 1/2 5/8
Pipe Diameter (ID; m)| 0.0070 | 0.0102 | 0.0133
E 2
£ Area (m?) *10™ 0385 | 0817 1.389
3 : 1. Vent Hole to THoint: 1 = 1.65m, £ K = 0.1,
e 20 — | i) 3
g L Q = 0.00027 m®/s
g T T ——e
3 i i Velocity V (m/s) 7.0 33 2.0
10
Re 3395 2330 1787
. f 00103 | 00114 | 0.0122
0 0.006 .01 0.015 0.2 0.025
R0 dhae AP (kPa) 0193 | 0.032 0.009
2. THoint to vent outlet: I = 0.4m, 2 K = 0.6,
Fig. 7 Variations of clack valve diameter Q = 0.00054 m’/s
Velocity V (m/s) 14.1 6.6 39
R 6789 4659 3573
33, WE A28 A °
WE Axde grzAe ekl 7, weA £ 0.0087 | 0.009 | 0.0102
wase Az B9 go] Abols YA 9l AP (kPa) 0691 | 0118 0.034
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Fig. 8 Design parameters of float valve

Table 7. Results of Float Valve Sizing

d(cm) 3.5
I{cm) 7.6

L1(cm) 5.9
L2(cm) 1.6
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Table 8. Results of Collector Tank Vent Pipe Sizing

1/8 1/4 1/2
Pipe Diameter (ID) | 44006 | 00038 | 0.0102
(m)
Area (m®) *10™ 0.003 0113 | 0817
Velocity V (m/s) 629.9 15.7 22
Re 26010 4107 1530
f 00062 | 0.0099 | 0.0126
P (kPa) 1965435 | 0313 | 0.003
D
B
A C
G F H
E

Fig. 9 Schematic diagram for 1 point gravity
refuelling

Table 9. Defuelling Time at Each Orifice Size
Orifice internal diameter (in) 1 3/4 | 1/2

Orifice area, a (m’)*10* 507 | 287 | 1.27

Free fuel surface area, A

(m?) 0.168 | 0.168 | 0.168

CK’ 0.5 0.68 | 0.85
h (m) 0.5 0.5 0.5
Defuelling time (min) 1.2 2.6 6.5
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AA  gFrie 4  AF= (Operation Table 11. Overall Defect Rate Calculation
i % 2 n)3 A7kt
Reliability)7} 98.5% < =i, 1,000 ¥l3 A7t - t o Defect oy
1% WEF (defects/1,000 flying hours)E omponents Y1 /1000nr | *Defect
‘Table 107 Zt}H[2]. Feed and transfer 0.8346
Boost Pump 2 0.0415 0.0830
Jet Pump 4 0.0063 0.0252
Table 10. Defects per 1,000 Flight Hours Pressure Switch 2 | 0.0419 | 0.0838
Differential Pressure
Defects/1,000 hrs Switch 1 | 00419 | 0.0419
Fuel System 15 Flap Valve 9 0.0039 0.0351
Aircraft System 332 Fuel Flow Meter 1 0.2016 0.2016
Bypass Relief Valve 1 0.0065 0.0065
Check Valve 2 0.0020 0.0040
gFZ719] ANE AA 1AS i 3
5132710 A A 1AL (Total defect Malmtenance Shut-off 1 01500 | 01500
rate)% o }\] o i 7_.“ E}- Valve
Main Shut-off Valve 1 0.1500 0.1500
Drain Valve 1 0.0515 0.0515
A, =—In(R
2 (%) (6) Filter 1 | 00020 | 0.0020
Refuel/Defuel 0.4136
A = 837 N2 nEE, Filler Cap 4 | 01000 | 0.4000
R, = 327 &8 AT Defueling Valve 1 0.0086 0.0086
Gravity Refuel Filler 1 0.0050 0.0050
Vent 0.0158
ulz}b A, R, = 0.9858+1 71ASHH 3qF 719 A Vent Float Valve 4 0.0020 0.0080
NACA Intak 2 0.0039 0.0078
% nFLLe 00151136012 d8 A2 A 0 -ntaxe
Gauging 0.6800
7 173&-& 0.0006828°) - Fuel Quantity Gauge | 8 | 0.0140 | 0.1120
dg A2H"e & AFx 5 H(operational Low Level Sensor 4 0.1420 0.5680
reliability target)ye Tt 4o 2RE Atdrt General 0.9700
Connecting and fitting | 150 | 0.0048 0.7125
Ro — e—/lo' 7 Drain Valve 5 0.0515 0.2575
Overall Maintenance Defect Rate
. 2.9140
/1,000 Flying hours
ho=dE N2 1RE,
= 37 WP (h) 43 &8 A2|=(Operational reliability) 713+
&8 AIAEE AEY] A dm AlxF
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Fig. 10 Reliability block diagram of the feed and
transfer system
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Table 12. Total Operational Reliability of The Fuel

System
Systems Operational Reliability
Feed/Transfer system 0.999597
Refuel/Defuel system 0.999986
Vent system 0.999992
Gauging system 0.999320
Fuel system (Total) 0.994162
Fuel system (Target) 0.994213
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