Fluid flow
QL.

In the one-dimensional constant-density situatioows) below, the momentum equations
for ug andu_ can be written as follows:

U =5+2.5p, - p,)
U, =5+7.5p, - p,)

u, U Ue
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The boundary conditions are as; = 15 (all values are given in consistent unitd)tain

the values forp, andp,, following the SIMPLE calculation procedure. Comtien the

uniqueness of your solution.
Solution

Assumep, = p,=p,=0
Solving momentum equation, we get
U; =5
Continuity equation becomes
du Ccv

FYi e <

Integrating within a control volume as shown U
U, =u, — = ——2

® . -

Continuity equation for grid point 1 w LT P____ E

uA = uB

U =5+ 2-5([)1— p'2)

15=5+ 2.5 p, - p,) (16)
Continuity equation for grid point 2

uB = uC

o+ 2-5( pi - p'2) =Uc

5+2.5p, - p,) =15 17)
No unique solutions of (16) and (17)

Solutions are guided by initial guess for iteratidapicting the relative nature gfas a
numerically computed variable.

Let p,=0
P, =4
p=p +p,=0
P, =P+ p,=—4

Ug =Ug +2.5(p, = p,) = 5+ 2.5(0+ 4F 1!
Solution is converged.



Q2.

In the one-dimensional constant-density situatielow, the momentum equations foy
andu. can be written as follows:

Ug :5"'2-5([)1— pz)
Uc =5+7-5( P, — p3)

uA uB uC
—> ° > e — 5_
A 1 B 2 C
The boundary conditions are as; =15, p,=10(all values are given in consistent

units).
(i; Write the continuity equations for the regions ABI&BC and hence derive the
corresponding pressure correction equations.
(i)  Starting with guesses fop, andp,, follow the SIMPLE procedure to obtain
converged values op, ,u; andu, .
Solution
Assumep, = p,=0
Solving momentum equations, we get
U; =5
Ue =5+7.5 0~ 10 =~ 7(
U, =’ +d, (P~ pt)

u, =u,+d,(py ~ P:)
Continuity equation becomes

d_g

dx CVv
Integrating within a control volume as shown e ____ /

u,=u, U, Iue

* 4 Y * r i ——> ——P
Ue"'de(pp_pE):uw"'dw(pw_pP) \7\/ w I'D € E
(do+d,)pp =depr +d,p +(u,-u,) T
For point 1 as shown
' , o, * *

(dB +dA) %1 _dBp2+% pA+(uA_uB)

2.5p, = 2.50, + 1(
or, p=p,+4 cvi CV 2 (18)
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For point 2 as shown
, 0 , * i
(dc +dB) P> :dc/p/3 +dBp1+(uB _uc)
10p, = 2.50;+( 5+ 79
or,  4p,=p;+30 (19)
Solving Egs (18) and (19), we get
,_46
3
, _34

P, 3
R P 46 34
Uy =Ug +dg (P, — p,) =5+ 2.5%—?): 15

Ue =U; +d. (p, = p;) =-70+ 7.5%1— 0)= 1t

b= P+ =

3

o , 34

P, = p2+p2_?
b=u,-u,

For control volume 1
b=u,-u; =0
For control volume 2
b=u;-u. =0
This is the continuity satisfying velocity field.

Q3.

In the two dimensional situation shown, the follog/iquantities are given:
u, =50, v, =20, p, =0, p: =10.The flow is steady and the density is uniform. The

momentum equations far, andv, Vy are given by:

u, =d, (pp ~ Pe)

v, =d, (P~ py)

where the constants, andd, are given byd, =1, d, =0.6. The control volume shown
hasAx =Ay. Use SIMPLE algorithm to obtain the valuesupf v, and p;.
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Solution

Let p, =20, ps =20, p, =15

Solving momentum equations, we get
U, =d, (k- Pe) = (1)(15-10 = ¢
vV =d,(p,-py)=06(15 0= ¢

Continuity equation becomes

@4_@:0

ox oy
Integrating within a control volume as shown

e OU e on OV _

IS gy axay + [0 a—ydydx =0

(uy—u,) Ay +(v, -v,)Ax=0

U, +d,(pp = pz)+u, +d, (Pl = Pp)+V, +d, (P — Py ) +V, +d,(Ps — pp) =0
(d, +d, +d, +d,) p, =d.p +d, B, +d,py, +dps+(u, —u;)+(V, -V,

1.6p, =d, p{° +d,p, +d, " +d,ps +(50-5)+(20- 9
, 56

=>~_=35
P 1.6

U, =u, +d,(pp— p:)=5+1(35- 0= 4C
V, =V, +d, (P, - py) =9+0.6(35- § = 3(
P> = P + P, =15+ 35= 5C

b=u, —u, +V, -V, =50- 40+ 20- 30= (
Solution is converged.

Q.4

A steady, uniform-density, 2-D flow is to be calat@d on the square grid shown below.
The boundary velocities are given as, =30, v, =40,u. =100, u. =50, u, =200,

u, =210 , v, =0and v, =20. Among these numbers, there is some doubt about
correctness of the value af . If all other numbers are correct, what shouldHhsecorrect

value ofu, ?

The internal velocities are governed by simpliffsdmentum equations given by:
U, =70+ O-E( P~ pz) u, =10+ 0-7( Ps p4)

Ve =30+ O-E( P~ pl) Ve =18+ O.d P, — pz)

Write discretized continuity equation for each eohvolume. Derive the discretization
equation for pressure by substituting from momentgunations, following SIMPLER
calculation procedure. Solve the pressure equatiorsbtainp,, p,, p, andp,. Hence

obtain values ai,, u,, v. andv;.
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From the conservation of mass, we have
> rate of inflow=y rate of outflov
100+ 200+ Or 2G= 38 46 56u,

or, u, =200
N
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Continuity equation becomes
ou 6v
—+—=0
(604 6y

Integrating within a control volume as shown, itbmes

j I —dxdy + jj—dydx 0

(u, —uW)Ay+(vn —vs)Ax =0

Momentum equations can be expressed as

Ue =0, +d, (Pp — Pe)
UW:l] +d (pP RN)
Vn:\7n+dn(pP_pN)



Vs :\75+ds(pP_ ps)
(d.+d, +d, +d,) p, =d.p +d,p, +d,ps +d,py +0, -0+, -V,
For grid point 1
d,=d,=0.5d,=d.=0
d,=d. =0.5,d,=d,=0C
p, =0.5p, + 0.5p,+( 100- 7+( 36 3
p, =0.5p,+ 0.50,+ 3(
For grid point 2
d,=d. =0,d,=d, =0.5
d,=d,=0.8d,=d, =0
1.3p, = 0.50,+ 0.8, +( 76- 7p+( 18 4
1.3p, = 0.50,+ 0.8, -
For grid point 3
d,=d. =0,d,=d, =0.5
d,=d,=0.8d,=d, =0
1.3p, = 0.50,+ 0.8, +( 76- 7P+( 18 4
1.2p,=0.7p,+ 0.5, + 16l
For grid point 4
d,=d.=0,d,=d, =0.5
d,=d;=0.8d,=d; =0
1.3p, = 0.50,+ 0.8, +( 76- 7P+( 18 4
1.5p, = 0.7p,+ 0.8, 18:i
Choosep, = 0(reference)
p, =160
p, =60
p, =200
u, =70+ 0.5 p, - p,) = 70+ 0. 168 6p= 1z
uy =10+ 0.7p, - p,) = 10+ 0.7 208 = 1
Vi =30+ 0.5 p, - p,) = 30+ 0.5 208 160= ¢
v, =18+0.4p,-p,)= 18 0.4 & 6p=- 3
Pressure correction equation becomes
(d,+d, +d, +d,) pp =d,p. +d,, 0, +d.ps +d,py + (U —u ) +(v -V )

b

Top left CV:
b=(100-12Q +( 50- 3)=



Top right CV:

b=(120- 50 +(- 30- 4= |
Bottom left CV:

b=(200-150 +( 0- 50= (
Bottom right CV:

b=(150- 200 +( 20~ 3p=
This is the converged solution.



