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Analysis of aerodynamic forces around rockets developing

CFD tools for the stabilization and the design of rockets
Hokwang Choi
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3.1 724
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3.1.1 Nose cone Design
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Von-Karman plot
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3.1.2 Fin Design
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Table. 1 - Drag comparison on projected area -%# : Apogee

Angle-of-Attack Elliptical Trapezoidal | Square Rectangular | Clipped Delta
0° Drag Force 9.508 10.690 9.023 11.337 9.357
a° Drag Force 12.052 12.262 10.567 11.685 10.907

E3F FinoflA] 12sliofsh= A2 ©H2| F/doltt. Projected area”} A7gH AJollA] ©He| J42
Aste 7MY a%t 24 23] st g=RlY| ol 7lEAeR ved7h e de]eb ol
Airfoil g/go] 7V F=lo] AowiA g3 wol WIARICE olof gt B5 An B¢ tfZ Table.
29} .

Table. 2 - Drage comparison on wing section area -4 : Apogee

o Rectangular | Non-Tapered Tapered .
Angle-of-Attack Airfoil Airfoil Airfoil Thin Plate
0° Drag Force 11.337 4.955 3.463 3.435
5° Drag Force 11.685 7.712 7.030 6.783

3) TApogee - What is the best fin shape for a model rocket?
https://www.apogeerockets.com/education/downloads/Newsletter442.pdf
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Fig. 9 - Tapered Airfoil
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3.1.3 Body design
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3.1.4 Solidworks Design
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Fig. 12 - I-class rocket design
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3.2.2 Open Rocket analysis
Open Rocket T2 IRHojlAl: 7t a4 7], @4 APLS Yokl RABUY Yesye 7
5lo] Static Margin® AXSIECE o714 Alst B4 5 P ge
Q40 Akt 2 RIS M ¥=sh] offtks Aolth. 271 A ubgolld Agd &30
gF BE gHEe Hohih Al Al REe} YR @430 AEFS =2 AlRde Zal oF Alklslor
gith. Open Rocket®] ZAik= thgut Zth.

Rocket Stahilty:2.21 cal

Length 140 cm, max. diameter 106 cm @ C6EIIcm
® CR:113cm

at WD 30

Mass with no motors 4915 g

Fig. 13 - Open Rocket analysis
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3.2.3 CFD Analysis
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Pressure contour - 180mm Nose cone
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Fig. 16 - Pressure contour - 180mm Nose cone

Pressure contour - 300mm Nose cone
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Fig. 17 - Pressure contour - 300mm Nose cone

Velocity distribution - 180mm Nose cone

Fig. 18 - Velocity distribution - 180mm Nose cone
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Velocity distribution - 300mm Nose cone

Fig. 19 - Velocity distribution - 300mm Nose cone

Skin friction coefficient plot - 180mm Nose cone
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Fig. 20 - Skin friction coefficient plot - 180mm Nose cone

Skin friction coefficient plot - 300mm Nose cone
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Fig. 21 - Skin friction coefficient plot - 300mm Nose cone
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Fluid Particles
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Fig. 22 - Fluid Particles
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Fig. 23 - Vortex generation
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Forces - Direction Vector (1 0 0)

Forces (n)
Zone Pressure Viscous Total
wall-solid 9.8809593 0.10744311 9,9884024
Net .5809593 0.10744311 9.9884024

Fig. 24 - 180mm Nose cone Drag

Forces - Direction Vector (1 0 0)

Forces (n)
Zone Pressure Viscous Total
wall-solid 8.157207 0.13349542 8.2907024
et 8.157207 0.133459542 8.2907024
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Table. 3 - &3, 244, Static Margin
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Moments - Moment Center (0.293 0 0) Moment RAxis (0 O 1)
Moments (n-m)

Zone Pressure WViscous Total
wall-solid z.0311003 -0.00080773923 Z2.0302926
Het z.0311003 -0.00080773923 Z2.0302926

Fig. 26 - Moment at CG (a=5")
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@ a=10°

Moments - Moment Center (0.893 0 0) Moment Axis (0 0O 1)
Momentas (n-m)

Zone Pressure Viscous Total
wall-aolid 2.4252041 -0.0037925784 2.481411¢
Net 2.4852041 —-0.00374925784 2.4814116

Fig. 27 - Moment at CG («=10")
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Fig. 28 - Fluid particles - a«=10"

_’]4_



9 1De+02
-1.23e+03
-1.55e+03
-1.87e+03
-2.19e+03
-2:51e+03

Fig. 29 - Pressure distribution at Nose cone - aa=10"
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Fig. 30 - Pressure distribution at Fin - a=10"
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Fig. 31 - Nose cone Fig. 32 - Fin assembly

Fig. 33 - bolt head seeding

Fig. 34 - Airfoil section

Fig. 35 - bolt head seeding?
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Fi. 36 - Assemblyl

Fig. 37 - AssemblyZ
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Fig. 38 - Practice rocket

ig. 39 - Practice launch

; Fig. 41 - Competition launch
Fig. 40 - Competition rocket
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