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M,=25,0, =15, {x.y,| = {2.0,2.0}
M, =200, 6, =5°, {x,.y,|={25.,1.0}
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Homework 1 Solution: Internal Flow Example
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M, =25, 0, =15, {x.y,| = {2.0,2.0}
M, =200, 6, =5°, {x,.y,|={25.,1.0}

MAE 5420 - Compressible Fluid Flow




UtahState INtEeC hvanicSllElienospace)
U N l v E R S I T Y Engmeering

Homework 1 Solution: Internal Flow Example

(cont’d)

1 ,_\.---'f,ﬁ" C * Point 1, compute
13 *u
M e 'E:_T:FB i VvV K
M: g - 1° Ml ’ -
Zgl(): C
1 -1
v, = 2 an! {\/V (2.5% - 1)}— tan”' v2.57 — 1 = 39.12°
y —1 y +1
180 1
u, =—sin" | —| = 23.58°
T 2.5

(K_), =6, +V, =15"+39.12° = 54.12°
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(cont’d)

1 & C e Point 2, compute
*=—!"— 3 +
" WM:.'P____?.B& - {VZ Uy ’(K+ )2 }
M A T
—'0
2 C.
1 y -1 \
v, = 7 tan”! d \/y (22 - 1) L —tan~' V2% -1 = 26.38°
y —1 y +1
180 17
u, = ——sin”' [— = 30°
T 2

(k,),=6,-vV, _ 59 _26.38° = 21 38°
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~

| ) C N e Point 3 Solve for

Ml.;' ,lth. 3 e M {H , }

Mo~ g T4 3073

2  C.

0. _ (k) +(K,), 54.12°+(-21.38 )=16.37"
2 2
- 54.12° —(-21.38°

V; = (K_ )1 2(K+ 2 £ ) = 37.75°
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(cont’d)

1 ,_\.---'f,ﬁ" C * Point 3 Solve for
.::--.lt . 3 +M
-t 3
" e 0 {M 35 U }
M ) ~ ‘i;lli’r ——l_
==l
2 C.
M, = Solve 37750 % = [P ] 1 1(M32 - 1) —tan™ (M, -1
180 y —1 y +1
1 M, =2.442

sin(u)= A || TN 24075
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(cont’d)

1 __---«--"'('f._' C : e Locate Point 3

Sy L "
MI .\-\ w\_ I3__—_‘.'_’.B MR

M o Ty
.hlr;
2 ‘ C_ e Line Slope Angles
stope{C} = (6, - ul);(@ -u) (157 -23.58°) + (126.3720 - 24.175°) eio
slope{C. ) = (6, + Mz);(@ Hu) (57 +30.00°) + (126.372" +24.175) U
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(cont’d)
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* Solve for {x;,y5}
VsV -
= tan | slopeC
X; — X, [S pe{ _}]
V3= W
= tan | s/ C
| A3 T A [S Ope{ +}]
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Homework 1 Solution: Internal Flow Example

(cont’d)
__.--"F-' Y
1 % C Solve for {X;,y;}
o=\—3 N
M

— ___—r"B 3 M 3

- (LR
e TR
M: .ﬂi—_—]“'l't;"
) C

LS tan [slope{C_}] - X, tan [slope{C+}] +y2-yl
P tan [slope{C_}] — tan [slope{Q}]

. tan [slope{C_}] tan [slope{Q}](xl - xz) — tan [slope{Q}]yl + tan [slope{C_}]y2
. tan [Slope{C_}] — tan [Slope{C+}]
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Homework 1 Solution: Internal Flow Example

(cont’d)

. 4
1 % C * Solve for {x;,y5}
v, &= 3 +

- .‘P__—_T’B 3 M:

M. /‘E{zr ""-,_\4.1:!
‘ﬁlm
2 C.
<<< o <%) (- 8.191)2) - tan(%) (37.774)>.2.5> ,+1_2)

X3=

tan (%) (~8.191) ) - tan (%) (37.774))

= 3-5095-3.50996

MAE 5420 - Compressible Fluid Flow t



3.50996

-

+ 1 - 2  )

Stephen Whitmore
8.191


UtahState INtechanicsladhenospace]
U N l V E R S I T Y Engineering

Homework 1 Solution: Internal Flow Example

(cont’d)

v
1 % C * Solve for {x;,y5}
' —3 +M
MI — et 3
. :'~--.\_:§l,”B

tan (ﬁ) (~8.191) ) -tan (%) (37.774) )- (2~ 25) - (tan (%) (37.774) ) ) 2 + tan (%} (~8.191) )1

Ys3=

tan <%) (~8.191) ) ~ tan (%} (37.774) )

=1.782
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Homework 1 Solution: Internal Flow Example

(concluded)

W
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e E___T:-D > M:

My o g, T
‘o=,

0 - C

M1 [251 [M,] [2001 [M,] [2442

0, 15° 6, 5 6, | |16.372°
x | |20 x, | |25 x, | ' 3.510
ol |20 |wm | |1 v, | | 1782
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- int Data Point 1 Properties
Data Point 1 Red Data Point 3 Properties

16.3718 |

Data Point 3

| 40.547 |

|39.1236 |

23.5782 |

I54.1236 |

37.7617 -
[Em
2.44184

37.773508 I

24.1751
-21.3798 |

Data Point 2 Properties

-8.190696 |
26.3798 |

-21.3798 |
313798 | v



Programmed Solution


