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Recap: Momentum Principle =R

> R
|

The above expression could be simplified considerably if a flow system has only one entrance and one
exit and if the flow is steady:

zﬁw:%vvpd% b [ Vp(V-a)as

=Y Foy= [ Vp(V-it)da

[ V,
Vi
2

= 4V, (outflow )

— Zﬁcv = ,02A2V2\72 _plAII/l‘_}l

Using continuity: o

m=p AV, =p,A,V, (mass flow rate)

Then:

S Fy = m(V, - V,)

Note that the momentum equation is a vector equation which represents three scalar equations:

X ZFx — m(VZx_I/lx)

Ve ZFy:m(V2y_V1y)
. F = This is the fundamental principle which drives the turbomachinery
z. Z " m(sz o Vlz) (propulsion nozzle in jet engine, turbine, compressor cascade etc.)
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| Problem # 8 (Use of momentum equation to calculate head loss in sudden expansion) 7

Find an expression for the head loss in a sudden expansion in a pipe in terms of V, and the area ratio.
Assume uniform velocity profiles and assume that the pressure at the sudden enlargement is p,.

. N T2 ==
Solution: -l ——
. . s —
In sudden expansion, the diameter changes from d, to d, (d, > d,). 5 ——————
The pressure at the sudden enlargement is closest to p, since the : @ et — e
streamlines are approximately parallel as shown (there is no pressure A, @
variation normal to parallel streamlines); they take some distance to P
again fill the pipe. Hence the force acting on the left end of the control - P2
volume shown is approximately p,A..
Cv
from steady flow momentum equation: ;'5
= = (<7 A gl HHH——“*‘! B
ZFCV - j‘csz(V.n)dA T T T . —— P4,
- el —
[V R e
. — T2 T =
—)X.ZFX _m(VZx_I/lx) —

Control volume

= p A, — p,A4,=pA,V, (Vz - Vl)

— BB Vz(Vz _Vl)
Jo,
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| Problem # 8 (use of momentum equation to calculate head loss in sudden expansion) = ‘?‘?[A? Q

Using Bernoulli equation (energy equation)”* considering head loss due to sudden expansion:

V2 V2
Piy Lz =224-247 +h
Yy 29 Yy 29 c.s.
_ VZ_VZ — ’/ #####
- hL PP, T 2, =17, | o> |
14 29 - - eee——— - P4
I e @0 R —
_nW,-v) W,V ),-V) P1A; pE———
g 29 -
5 Control volume
_ v,=v,)
29
A
. . . — —_ — -1
From continuity: Q; =Q, - VA, =V,A, -V, = " V,
2
2
AV
hL — 1_ 1 1
4, ) 2g

*derivation to be covered in next classes.
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| Problem #9

For the system shown in Figure, estimate the downstream pressure p, if p, 60 kPa and V,= 20 m/s. Also
calculate the associated head loss. (Note: The pressure immediately after the pipe expansion is p,.)

Solution:

AV, = A,V,

32(20) = 6%V, - V,=5m/s

Iy _ EEi
@ 6 cm dia.
= “— =" - Water
W ——— T — =k
[ R i
3 cm dia. —

from steady flow momentum equation for sudden expansion:
— 'X:ZFx =}/’./1(1/236 _Vle)
= pd, — P4, =pA)V, (Vz - Vl)

P~ D>

—

Associated head loss in sudden expansion flow:

—>hL=

© Dr. A.B.M. Toufique Hasan (BUET)

=7,(,-%)
p, = 135 kPa

(V,=V)?

=11.47 m of Water (112.5 kPa)
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| Problem # 10 P f”)' V>

When a pipe flow suddenly expands from A, to A, , as in Fig, low-speed, low-friction eddies appear in
the corners and the flow gradually expands to A, downstream. Using the suggested control volume for
incompressible steady flow and assuming that p = p, on the corner annular ring as shown, show that
the downstream pressure is given by (neglect wall friction)

Pressure == p, Control
volume
_ 2 Ay A, [
pp=pr+pVi—|\ 1 —— :?._ = 1
Az A, &
|
| |
I |
O /—E— — —l—u- _,!'-l“-] 1-'!1. .-'4'|.g

| |
7= |
pLVLAL I '
D N\ |
L__ o e _ _
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- Problem #11 ARy QW

A liquid jet of density p and area A strikes a block and splits into two jets, as shown in the figure. All

three jets have the same velocity V. The upper jet exits at angle 6 and area adA, the lower jet turns down
at 90° and area (1 — a)A.

(a) Derive a formula for the forces (F,,F,) required to support the block against momentum changes.
(b) Show that F, = 0 only if a = 0.5.

(c) Find the values of a and 6 for which both F, and F, are zero.

Solution:

SF =F =am(-VcosQ)-m(-V) where 1= pAV of the inlet jet |
F 1
Y F, =F, =amVsing +(1-a)m(-V) ¥ r

Clean this up for the final result:

F.=mV(l—ccos0)
F, = mV(csing +a-1) Ans. (a)

F,=F =0 onlyif: a=168=0" Ans. (c)
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Momentum equation applied to stationary/moving
Deflectors/ Vanes
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- Problem # 12 ARy %}W

| A horizontal circular jet of air strikes a stationary flat plate as indicated
in figure. The jet velocity is 40 m/s and the jet diameter is 30 mm. If the

air velocity magnitude remains constant as the air flows over the plate Sy me

in the directions shown, determine: 0 l

(a) the magnitude of F,, the anchoring force required to hold the plate el
stationary, 40 m/s 1 ’

(b) The fraction of mass flow along the plate surface in each of the two / *
directions shown, V,

(c) the magnitude of F,, the anchoring force required to allow the plate
to move to right at a constant speed of 10 m/s.

Solution:

Steady flow momentum equation normal to the plate (n): V. cos 30°
j

. . 30° (
J
s

- F, =0 —1.(—v,sin30°) ;outflow momentum along V,sin 30° Z
8 e tangential direction /

s _ '
RN FA = (pZD]Zv]) (U] SIn 300) 0\)‘5
&L
F,=0.696 N Ans.(a) b
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Problem # 12

(b) Steady flow momentum equation tangential to the plate (t):

> F, = @), — (riv),,

- 0 = [m,v, + m3(—v;)] — m,;(v; cos 30°)

Since the air velocity magnitude remains constant, i.e.

vV, =V3 =V, (p, = p3 = p, (free surface) and neglecting the
elevation difference); there are no viscous effect along
the plate surface which gives F, = 0.

. . o
ms = m, —m,;sin 30

Again, from conservation of mass:
m; =m;+ m;

On solving the above two equations

m, = 0.933 m,
my = 0.067 m, Ans. (b
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Problem # 12

|
(c) Control volume (CV) is moving to the right at velocity V, = 10 m/s

So, the velocity of water jet relative to the moving CV is
V,=V,-V,=40 m/s -10 m/s = 30 m/s

Vj cos 30° 1 /

Steady flow momentum equation normal to the plate (n):

Z Fn - (mv)out o (mv)in

- F, =0 —rm,(—v,sin 30°)
o o
> F,= (’OZDj vr) (v, sin 30°)

F,=0.391N Ans.(c
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- Problem #13 =

Water flows from the rectangular jet as shown in Fig. Find the force F and the mass fluxes m,and m,
ifb =20 mm, h =40 cm, V,= 40 m/s.
If the plate moves to the left at 20 m/s, find the power required.

Ans.
F=11.08 kN
m, = 240 kg/s
m, = 80 kg/s

F=m,(,,), =1000%0.02x0.4x (40 +20)? sin 60° =24 940 N.
F, =24 940c0s30° =21 600N. .. W =21600x20 =432 000 W.
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- Problem # 14 B e, %}Q/!

| A vane on wheels moves with constant velocity V, when a stream of
water having a nozzle exit velocity of V, is turned by the vane as
indicated in figure. The speed of the water jet leaving the nozzle is

30 m/s, and the vane is moving to the right with a constant speed of 4= 600mm® | T
6 m/s. Nozzle ==
Determine the magnitude and direction of the force exerted by the |
stream of water on the vane surface. Consider ideal fluid flows and O (o)
neglect the body force.
Solution:
Control volume (CV) is moving to the right at velocity V, = 6 m/s v cosot Vr
CV .-
So, the velocity of water jet relative to the moving CV is s A e
V.=V, -V, =30 m/s -6 m/s = 24 m/s 1 4T Ry L viouine

vane

\ _-
Vr B E— !
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- Problem 14 ARy @W

from steady flow momentum principle:

Z]:“CV = jCSVp(V-ﬁ)dA

V, cosB Vi
> Y =(mV,),, ~(mV,), Y
~ _Rx ) m(I/zx ’ I/lx) ,,,/2 ,,,‘ Vr sinB
= —R_=m((V, sin45°-V) A, ﬁ@@-mm}' = RX/’""“.““""“E
— Vr g — 1, X
m=p AV, = p AV, (- moving CV)
= rir=(1000)(600 x107°)(24) ° ©
.m=14.4 kg/s

=R =(14.4)(24s51n45° - 24)
= R =101.2N (to left)
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Problem 14 ARy @W

Now y-momentum equation:

Ty ZR _m( 2y V ) V, cosHf
= R, =m(V,cos45°-0) CV .-
= R, = (14.4)(24 cos 45°) N Vi sing

SR, =2443N (to upward)

Vl'

’ /’
- 457 R e -
g y ¥’ /~—Moving

A, = 2 -

_ /-‘-. ,ﬁ-ﬁﬁ-mm___—}— - vane
/

N 0ZZ e —- e

So, the magnitude of resultant force is

R=1/Rf+Rj‘

— R =+/101.22 + 244 .4
— R=2645N

R
@=tan" (—y]
Rx
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- Problem #15 =

| EXAMPLE 3.9

A water jet of velocity V; impinges normal to a flat plate that moves to the right at velocity
V., as shown in Fig. 3.9a. Find the force required to keep the plate moving at constant veloc-
ity if the jet density is 1000 kg/m’, the jet area is 3 cm?®, and Vi and V, are 20 and 15 m/s,
respectively. Neglect the weight of the jet and plate, and assume steady flow with respect to
the moving plate with the jet splitting into an equal upward and downward half-jet.

Nozzle
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- Problem # 16 P

A liquid jet of velocity V; and area A, strikes a single 180° bucket on a turbine wheel rotating at angular
velocity Q , as in figure. Derive an expression for the power P delivered to this wheel at this instant as a
function of the system parameters. At what angular velocity is the maximum power delivered?

How would your analysis differ if there were many, many buckets on the wheel, so that the jet was
continually striking at least one bucket?

—— Bucket

Solution: —> Jet Wheel, radius R

Control volume (CV) is moving to the right at —
bucket velocity V = QR.

First part:

—> X ZF;C =m (I/x,out o I/x,in) MOVING

:—Fzm[—(rg—QR)—(Vj—QR)] Rc:ﬁj:'"é\"’
= —F =2 (V, - QR) velocity |
\Y

[ i

. F=2m(V,-QR)
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Problem # 16

|
|
Now, mass flow rate is
m=pA,(V,—QR)
Then the force acting on the bucket becomes
F=2m(V,-QR)=2| p4,(V,-QR) |(V, - QR)

2
= F=2pA,(V,-QR)

Then the Power delivered to this wheel is

P=FxQR
= F=2p4,QR(V,-QR)  Ans.

Maximum Power delivered can be obtained as:

© Dr. A.B.M. Toufique Hasan (BUET) L3 T1, Dept. of ME

P _

dQ
2

d(ZijQR(Vj—QR) )

= =0
dQ

0

V.

:>QR=? Ans.

ME 321: Fluid Mechanics-I (Jan 2025)
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Problem # 16

Second part: Jet is continuously striking atleast one bucket

In this case, full jet mass will be available, and the flow rate comes as:
m=pAV, Different from first part !!
Then the force acting on the bucket becomes
F=2m(V, - QR)
= F=2p4}V, (VJ _QR)

Then the Power delivered to this wheel is

P=FxQR
= F=2pAVQR(V,-QR)  Ans.

P _o
dQ
d(2ijVjQR(Vj _QR) )

= =0
dQ

Maximum Power delivered can be obtained as:

V.
:QR:?’ Ans.

© Dr. A.B.M. Toufique Hasan (BUET) L3 T1, Dept. of ME ME 321: Fluid Mechanics-I (Jan 2025)

-—— e ——— =

Relative
velocity :

19



	Slide 1
	Slide 2: Recap: Momentum Principle
	Slide 3: Problem # 8 (Use of momentum equation to calculate head loss in sudden expansion)
	Slide 4: Problem # 8 (Use of momentum equation to calculate head loss in sudden expansion)
	Slide 5: Problem # 9
	Slide 6: Problem # 10
	Slide 7: Problem # 11
	Slide 8
	Slide 9: Problem # 12
	Slide 10: Problem # 12
	Slide 11: Problem # 12
	Slide 12: Problem # 13
	Slide 13: Problem # 14
	Slide 14: Problem 14
	Slide 15: Problem 14
	Slide 16: Problem # 15
	Slide 17: Problem # 16
	Slide 18: Problem # 16
	Slide 19: Problem # 16

