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Review — Field Equations for Ideal Fluids

* Simplified form of Navier-Stokes (Euler equation)

1 07, dv; 1 &
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* Vorticity Transport Equation
c ov C;
m‘.j OVE Ol |x—const

)
* Irrotational Flow: Assume @, =0 attime =0, and that <& g(bfc)zo
Then @, = 0 for all time — flow is said to be irrotational. J
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Streamline is a path traced out

/p(«f/A ')zf‘""f (1"” 54' ’H“ﬂzlpﬁ q , by a massless particle moving

with the flow.

ﬁ2‘%/ A cles )
Velocity is tangent to streamline

at every point.
Mass does not cross streamlines.

_page 2



~page 3

jejn‘e, H= 4 Zf_e_?_ + _L{_!!!L-f(@

)
\

Besnoalli = | H = consbant g/&»ﬁ strédm ine

For Ijrfaﬁ%mé/ f/&) A= Contf er’/E/AJ/l@/(\

Pool - (1) fﬁLJ‘V_J/U/-fW,\
‘aq; e 2”4 5h L '—27

1l
24l (X

To_cee s éQ: U 4P .iﬁ)— 1\.:
T

2
Recq// ,7,797/"' lpl oV = (1)

Now MN-S bg. can b _;.)f:#m

_page 3




“page 4

_Elufﬂqy — 07 - J I + wxi
90; a”’- ‘:)qill-
J WV
- d,é/ = W xV (2
"Jj"

Now _ congider purve -,/m:rjfnf YoV

Dot (D on beth sides ,;!/}zfé %éyfnzl—-

- d%f < O SN K = Cont alpng Carve

Irrotadmel <> H = cond

—page 4




P9 Pofents] e

/)sm»}ém‘m : O Irrefationas/

(2)  Incompreeible

(3 [nviteid

= Vox¥ =0 &> V-= V(L ,f)
= - Scalar ?ﬁncﬁm

(2) = Uy ¥V -0 = @@,g.:j@&-o

This €¢neﬁm (With bmm/@m cond o)

(s the qgoleining eq Lo, V—
U J 77

Rernonll g;?& /b/f.(m/t

e L] e g4l o fd)
_page b P Dt /




~page b

/ﬁwmbgg sidle  Viscons =)

N-S

¥

:3}5
(.’r)cr

V[, + b{

'Q;_;Q__.-

U, u,
gU\J

"72&@ cur! qzrﬁ Yorfc, _7_27 frmjcﬁaff 9.

Yy o f

b |

YTy

_13_)

}

= oW
dE (x

\

Viscons flnos

need nof- de

(//d?éi 7940?1‘ [

_page 6




P01 okes LS -

Assume vl < 1 {Z;y
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Mass Conservation: i [pd’l-'-— { pov-ndd =10
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Linear Momentum Balance fn-m:i-! + fpba'i’-' -l | pvdV + f(pr)r -ndd ' ’
3 : i’ 3 ;

Angular Momentum Balance [}' x(n-o)d4d+ [}' x (ob)dd = i [}' x pvdl - [(\ % pV)V-ndid
: R “r 5

Mechanical Power Balance [(n-c)-\'cz'~1+ [ph-\cﬂ' = Icr DAV ——[ p(v-v)dV + f p(v-v)v-ndi4
B R R R B~
First law of thermodynamics
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Second law of thermodynamics
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Pump rotates with angularspeed @
The mass flowrateis U

Estimate the torque on the shaft

. Vii Vi

volute centrifugal pump
http://voutu.be/VIaPHmZ97vM

_page 12




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

