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ME:5160, Fall 2024

The exam is closed book and closed notes.
A hot-film probe is mounted on a cone-and-rod system in an airstream (p = 1.347 kg/m?3, u = 1.78E-
5 kg/m.s.) of 45 m/s, as in the Figure below. Estimate the maximum cone vertex angle allowable
if the flow-induced bending moment at the root of the rod is not to exceed 30 N.cm.

: . _ Fp
Equations: Cp = _;—psz ot fis
Table: Drag of three-dimensional bodies f

—_— 4 3cm
45 m/s

Body Cp based on frontal area ™ ;
Cone: [60] \ .
4? o: | ioe | 200 | 30° | 40 |00 | 75° | 90°
, 4
(0 Cp 1030 [ 040 055065 [0s0] 105] 115
Short cylinder. 20 cm 5-mm
laminar flow: .
L oo|n 2 s |s Jio |20 Jao | /dlu.
© Gy | 064] 068|072 074 | 082|091 [098] 120
D

Porous parabolic

dish [23): Porosity: | 0 01 Joz o3 losa |os

—_— -—Cp 142133 1.20] 1.05 | 095 082
—=Cp: | 095 ] 092 ]| 090 | 0.86 | 0.83 | 0.50

Average person: »%.
&

1 " 2 . e

SE— Al —= CpA=9f" [CpA= 1.2

I
I
J 4


2024


Name: ----==--===-emmmm- Quiz: No. 13 Time: 15 minutes

ME:5160, Fall 2022

Solution:
KNOWN: wind velocity, body shapes and sizes, maximum bending moment
(1) FIND: 6

ASSUMPTIONS: smooth surfaces such that the values in the Table are valid

ANALYSIS:
For the rod:
(2.5)
; pVD,,q (1.347)(45)(0.005) 17E4 < SES Lami
— B = L -
€p,rod U (1.78E — 5) o
From the Table:
(0.5) 0.5
Lyog B (200) 0

=40 - C = 0.98
Drod (5) brod

1
Frog = CD,rod (E pAdeZ)
(0.5)
Aroa = LroaDroa

(0.5)
Frq = (0.98)(0.5)(1.347)(0.2)(0.005)(45)* = 1.34 N

(0.5)
Myoq = Froa X Tyoa

(0.5)
Troq = 10 cm

M, .y = (1.34)(10) = 13.4 N.cm
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For the cone:

1
Foone = CD,cone (EpAconeVZ)

T (0.5)
Acone = 7 Déone

4

Mcone = Feone X Teone

3 (0.5)
Teone = 20 + 5= 21.5cm

- (0.5)
Meone = C,cone(05)(1:347) () (0.03)2(45)2(21.5) = (20.73)Cp,come

(0.5)
Miotar = Myog + Megne = 13.4 + 20.73Cp cone = 30 N.cm

(0.5)
(30) — (13.4)
CD,cone = (20 73) =
(0.5)
From the Table:
(0.5)

6 = 60°





