Universite Ibn Khaldoun — Tiaret
Faculté des Sciences de la Matiere
Département de Physique

3¢Me€ Année PE

Corrige
Examen en Mécanique des fluides 3

Exercice N°1 06 pts

Les composantes de 1’accélération en Coordonnées Cartésiens :
0 0 0 0

T =22 v 2 02 = 0+2xy)2y+HAt22)2x+ (—y2)0 = 4xy? + 8tx22
ot ox oy oz

_Ov ov ov

ov
' =—+u—+v_—+0_—=422+0+0+(—yz)8tz = 427 - 8tyz’
o lox oy oz
0 0 0
I =202 0924 92 = 040+ (—y2)2- (—y2)y = —yZ? —2y?

ot ox oy oz
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L’accélération particulaire au point (2,-1,1) a t=2s ;
I = (4xy* + 8txzz)7 + (42% — 8ty22)7—(y22 + ZyZ)E =407 — 12 +0k

Exercice N°2 07 pts

& Le nombre de Mach a la sortie :
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4 Le rapport entre la section de sortie et celle d'entrée :

=0.709 avec M, =2.56 ; Par ailleurs M =1.86
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Apres calcul on trouve que A—S =0.461
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Exercice N°3 07 pts
Remarque : Il faut prendre le nombre de Mach du débit de gaz a I'entrée du conduit.
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EXAMPLE 3.2 For the velocity field V = 2xyi + 4#z7j — yzk, find the acceleration, the angular velocity about
the z-axis, and the vorticity vector at the point (2, —1,1)atr = 2.

Solution: The acceleration is found as follows:
av av av. av
a=u—+70—

dx ay Yoz i ot
= 2xp(2yi) 4 4127 (2xi — zk) — yz(81zj — k) + 427

At the point (2, —1,1) and ¢ = 2 there results
a = 2(2)(—1)=2i) + 42)(1°)(4i — k) — (= D(A)X16) + k) + 4(1%)j
=8i+32i—8k+ 16§+ k+4j
= 40i4 20§ — Tk
The angular velocity component €, is
_Eac

;=5 )=%(ﬂ—l¥)=.‘c

At the point (2, —1,1)and r =21t is Q. = 2.

The vorticity vector is
dw du Ow dv_ du
_ (dw_ov\.  (Ou Ow\. (00 Ou\
@ (ﬁy ZZJ)] +(ﬂz E).r)" * (ﬂx 8}1)

= (—z—812)i+ (0 —0)j + (0 — 2x)k
At the point (2, —1,1) and 1 = 2 it is
@ = (—1-16)i—4k
=17 -4k

Distance is usually measured in meters and time in seconds. Thus, angular velocity and vorticity would have
units of m/(s'm) or rad/s.



