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PROBLEM 4

e Consider a hypersonic wave rider constructed from
a 10° half-angle cone, cut horizontally in half along
centerline

Piop=P-.
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* Compute L/D at zero angle of attack, Mach=15
e Assume inviscid flow, and y=1.325, 30 km altitude
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Problem 4 Solution
{M_=150,, =10} > B, =11413°

behind shock — 2% =9.902, M, =9.600

P.
Taylor-Maccol Solution -1 —%
I+—M shock2
Mcone — 95166 N pcone — pshock 2 —
P. P |V 1, o
i ) cone~
1+ 19271 g 600497 o
Peone — 9.90197 : ~10.5888
P 14132971 g 51662
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Problem 4 Solution

e Lift on Cone
xxfffffffffffffr

\ Vertical Pressure Force on Lower Cone Surface

dx

v\ Llower=J.0L j_%(pwnex tan(@wne)cos(q))dq))cos(@wne) s8] _
Xtan(e) \ Isztan(O ) _ 2 (0 )

MAE 5420 - Compressible Fluid Flow 20




UtahState INiechanicallcdrerospac e
U N I V E R S l T Y Engineering

Problem 4 Solution
* Drag on Cone

\; ,8,-' i XJ’M

L x —p

Axial Pressure force on Lower Cone Surface

i . d.
Dlower =J.OL J._zg (pconex tan (econe ) d¢) S (econe ) CoS (gcone ) -

pcone jOL ﬂx tan2 (QCOI’IE ) dx = g pCOl’lelJ2 tan2 (Qcone ) = pcone %n [L tan (Ocone )]2

1 2
5775 [L tan(@cone ):I = base area of cone

2

1 1
N Drag=(pc0ne — pbase)Eﬂ[Ltan(Qme)]2 = (pcone — O.lpw)gn[Ltan(Ome)]
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Problem 4 Solution
e Lift to drag ratio

Lift _ (pcone T poo)LZ tan(econe)
Drag I =
(P =0.1p..) 7| Ltan(6,,,) ]
o
2 (Pwe=p.) 2 -
71' (pcone _O°1p°°)tan(600”€) T (pcow_()l]tan(e )
p. cone
2 (10,5888 — 1)
T =3.3007

(10.5888 —0.1) tan (l 10)
180
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