CHAPTER 6

Dimensional Analysis
and Similitude
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(A)  Thedimengonson the variables are as follows:

: L.L_ML? ML/T? _ M L

=[F'V]=M—  ==—, [d]=L, [Dp]= =——, [V]==

WI=[F VI=M " === (dl= L (D=5 —=—2, V=1
First, diminate T by dividing W by Dp. That leaves T in the denominator so
divideby V leaving L? in the numerator. Then divide by d?. That provides

_ W

DpVd?
VT g r om0
rw?R° 1§R’ R' R rwR?
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6.5

6.6

6.7

6.8

6.9

6.10

A Vv=1f(dIl,g,w, m. Theunitsonthevariablesontherhsareasfollows:

ML
[d]=L, [1=L, [d]= TZ, W] =T"%, [m=—=

Because mass M occursin only one term, it cannot enter the relationship.

V="fr,m. [V] :%, []=L,[r] :%, [ :%.

. rve
\ Thereisonep - term: p, =——.
m
0 v/
\ p,=f(p,)=Const. \ r—=C, or Re =Const.
m

V= f(s.r,d). [v]:%, [s]:%, [r]:%, [d] =L

s s
\plzrvzd' \ p,=f(p3)=Const. \ rVZd:C’ or We = Const.
VeiHgm. V=t [g=5 [m=M, [H]=
0
\plngT. \ p,=C. \ V=,gH/C.
M M
V =f(H,g,m,r,m. [v]_— [H] =L, [g] , [m] = M,[r]zﬁ, Mzﬁ_

Choose repesting variables H, g,r (sdect oneswith smpledimensions—we couldn’t
seect V, H, and g Snce M isnot contained in any of those terms):
P, =VH*g"r®, p,=mH*g"r %, py=nH%g"r .

\ . = w® Vv . m ~m . m
pl_@m_Jg_H' T ER SN - FECRNN FYER
m O

V9 ér H* r foH* &
Note: The above dimensionless groups are formed by observation: smply combinethe
dimensions so that the p - term isdimensionless. We could have set up equations smilar
to those of Eq. 6.2.11 and solved for &y, b, ¢, and a,, b,, ¢, andag, bs, c;. Butthe
method of observation is usudly successful.

Fo = f(d,2,V,mr). [F]— [] L[V]_— [”1-—[]——
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p,=FraVhra, p,=dVPr%/®, p,=m*V%r,

\ p -_ D p :9 p :L
VA VA
F, _.,a mo
— D _=fo,—-
re2\V2 AT
. el 0] F & mbo . .
WeCOU|dWI’Itep—21: f, —,p3: or 2 = fzg—,—e Thisis equivaent
P P, P,o rd<v d rdve

to the above. Either functiona form must be determined by experimentation.

611 F,=f(d,.V,mr). [FD]:|_\I_/I Jd] =L [V]== [n]_— []—M.

p, =F,d*nV*, p, =/d*mPV*, p, :rdaenrf*sv%.

. F V4 rvd
By observation we have p; = —2— =_ =,
Y P1 vd' P2 q’ P3 m
\ Fo _fad rvdo

md & mg
Rather than p, = f,(p,,p ;), we could write

p1 10 F & mo
=f, , macceptableform = —
8p2 rv2d® %éd’rvdg

612 h=1f(s,dg,b,g). [h]=L, [s]:%, [d] =L, [g]:%, [b] =1, [g]:T—LZ.
Sdect d,g,g asrepeating variables.
p, =hd*g™g%, p, =sd*g™g%, p, =b.
\ pﬁ%. pf%, p,=b.
h

5
\ — =1 ,b=.  Note gravity does not enter the answer.
d 1@ a gravity

613 F,=f(mw,R). [F] :%, [m] =M, [w]:%, [R] =

FC FC

\ = F.m*wPR°® = . =
Pi=Fe mw 2R mw 2R

\ F. =Cmw?R

614 s =f(M,y,1). [s]= T2,[ | = TZ ,[]—L [I]=L \ p,=sM?y"I".
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6.15

6.16

6.17

6.18

Giventha b=-1, plzi:Const_ \ s = W
yM N

dpo edpu M
V=f d,—= [V|[=— .
\ p, :Vmadbgﬁg . Let'sdart with theratio so that “ M” is accounted

dx @ dp/ dx
Thenthe p, - term is ———-. Hence,
dp/ dxd
2
P, :LZ:Const. \ V =Const m
dp/ dxd m
L L M

V=f(H,qgr) [V] == [H] =L, [g] == [r] =

0
\ —VH"r ¢ =V — =Const. \ V =Const. ./gH.
Density does not enter the expression.
L M
V = f(H, ,0,d). [V|=—=,[H]| =L, =—, =— d| =L.
(Hmr,g.0). [V]=2.[H]=L[m= 1% [r] =5 [0] == [0] =
Repemlngu
— ap b0 — &y by G — A 2y by
p,=VH*r*g*, p, =nmH*r ™=g>, p, dHrg'varlabIeﬁf\;
S | e
pl —\/g_H, pz r—\/EHSIZ’pS H
\Y, & m d©
\pl:fl(p21p3)’ or —:fl —

Dp = f(V,d,n,L,e,r).

[QO]-—L 7 [V]= —[d] L[”]-— [L]=L.[e] =L.[r ]-—
Repesting varidbles V,d,r.
p, =DpVad™r %, p,=nV&d%r %, p,=LV*d®* %, p, =eV¥d*r%,

Dp _n L e

\ plzr\/—z’ pz_v_d’ p3za, Ps==

P; =f(P2,P3,P.)
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6.19

6.20

6.21

6.22

6.23

F, = f(V,r,mch,r,f,w,a)wherecisthechord length, h isthe maximum thickness, r
isthennoseradius, f isthetraling edge angle, and a isthe angle of attack. Repesting
vaiables V,c,r. Thep - terms are

F _Vrc c

~ _ _C _ _C _
pl_W1p2_7ap3_Ea P4 _?,pS—f,p6—W,p7—a-
Then,
F arccc, c 6
=f —,—,f,—,a=x
V& € m hr W s

13
Q=fRAESQ. [Q=—[RI=L[A=L"[d=L[s]=1[g]==
There are only two basic dimensions. Choose two repesating variables, Rand g. Then,
p,=QR*g*, p, = AR™g™, p, =eR*g™, p, =sR"g".
Q _ A

€
\ pl=W’ pz—?, p3=E, P, =S

= Q _ A e §
PP hPeReRd e "R

<, ~_ L
Ve=fhgs.r). ghl=1 (M= L[o]=— [s]-T2 [r ]-
Repedting varigbles h,r,g. \ p, =V, h*r blg , p, =sh®r g%,

V, s Vp_$5(5

\ =L =——. \ —=fp -
pl m pz rgh2 \@ 1 I’ghzﬂ
Fp,=f(V,mr,el,d). Repedtingvaiades V,r,d.

[Fol =27 V= [ = 0 [r]= 5 e =L [1]=2 [ =L.

p,=F,V2rd®, p, = mV¥r 2d%, p,=eV>r 2d%, p, =1 V¥r *d%,
F n

vea? P T yrg

F f®Em e 0
VR "Svrd'd’

\'p, = P = ,p4:|

d

\

Fo =f(V,rgr,

[Fol =2 V] = [re]= T[] =35 [ =15 [D] = L[g] = .

m, D, Q). Repeatlngvarldjles V,r,D.
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p,=F,V*r®D% p,=r V®r®D% p,=nmV*r»D% p, =gV*r “D%.
_ F _rs _n gb
\ pl_ﬁapz_r_apg;_m, p4 V2.

6.24 F, = f(V m,r,d,gr,c). Repeetingvariables V,r,d.

[F] [ ]:%, [[T]:L—'\{II_, [r] [d] L, [E]:L, [r]:l_’ [C]:%,

Tz’ |_3’
p,=FpVr2d®, p, =mV®r%d%, p,=eV®r *d%, p, =rv®r*d*, p, =cv®r>d®.
Fo 1 r
\ pl_rv dZ’pZ_ d’p3—d,p4:a,p5:Cd2.
\_Fo &M er 40
rvd? r d'd g
' g L ) -I-’ LT, L31 '

Repedting variables, V, d, r. p, = fvad™r®, p, = nVaZder°2

\ :E :_m \E: &mo
Pr=yr P = iyg vV € vdy

626 F =fM,c,r, /7, ,t, a). Rqoeatingvariables V,r, (..

ML L L
Fl=—,[V]==, [c]=—, [r]= [0 1=L, [t]=L, [a] =
[F.] Tz[]T[]T[]L3[] [t]1 =L, [a]
p,=FVar "% p,=cVar®/ %, p,=tVer®/ % p, =aVver /.
\ _ kK _C _t _
P rvzgczapz—Vaps_Zﬂ:ﬁ_a
F &c t 0
\ L =fc—,—,a+
rvae’ 1&gV (.o
627 T=f(d,wr,mt).[T]= [d]L[ ]— [r]— SWE T,[t]:L

Repesting variables: d, w, r. pl :Tdalwblrcl, P, —rmIaZW”ZrCZ, p,=tdw?r%,
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\p —L p —l p —l
YrwAd® T2 rwd2 T d
0 ) ) 0
\ % f m ti. W =rw3d°f, mz,li.
w<d rwd? d rwd? d g

6.28 F,=f(,r, md, L, r., w)wheedisthecablediameter, L thecablelength, r .
the cable dengity, andw the vibration frequency.
Repedting variables: V, d, r. The p - terms are

P rvzdz’pz m1p3 L’p4 rc1p5 wa
We then have
F a/dr d r VO
:f I e R
rV2dZ & m L r. wdg
6.29 Dp-= f(D h, w, r, d;, dg). Repeetingvariables D,w,r.
1
[Dp]——LTz,[D]:L,[h]:L,[w]=;,[r] Lsildl‘t [dp] =L
_ Dp _h _d _d
pl—ma P, _Baps_BlaFM_Eo'
\ v gD D Doéi W =force” velocity = DpD? ~ wD.
\ W=rw?® D5f§‘1 1 d—°9
D' D' D&

6.30 T =9(f, w,d, H, ¢, N, h, r). Repeatingvaiades w, d, r.

M= (=2, W=2, [d =L M=L [1=L N =L (=L, [r]= 3
R O R S
p1 rwzdsipz_w’pa d’p4 'ps pG_d

631 Q=f(H,w, g mr,s). Repeetingvariables H,gr

_L _ _ _ _ _
[Q] - ?! [H] - L! [W] - L! [g] Tz ' [rr] [r] L3! [S]
Q W n S
\ p, yPo=77,Ps = yPa = 2"
P gH® T ry/gH’ P rgH
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V_Q & m s O

—=f , , T
Jo  H Tfgr TeRT

632 d=f(V,V,D,s,r,mr,). Repedingvaides V,, D, r.

L L M M M M
dl=L, [V]==,[V.]==, [D] =L, =—, =—, =—, = —.
[d] []T[,]T[] [s] T2[r] I_3[m] I_T[fa] E

_d _Vv S 1 ra
pl_D’pZ_\/j’p3 er ’p4_rVD’p5 r'
d &y S m ra(.?
\ —=f1§, —, , T
D Vi rv'D rV,D r1 4
6.33 T=f(w,H,h R, t,m ). Repedingvaidbles w, h, r.
ML? 1
[M=—= W=5. [HI=L [N=L [RI=L [] =L, [nr]—— []——-
-1 _,=H,_R,_t,__m
P rWzds’pz h’p3 h’p“ h’ps rwh?
VT e R t méo
P SH R Twhis

6.3 n=f(D,H, g r,V). D=tubeda, H=head aboveoutlet, ¢ = tube length.
n H l _gb

Repedtingvaridbles D, V, r. p, :m, P, :B’ P, :B' P, =7

nm _ L gDg
\ —=1;
rvD D' D V0
6.35 T=f(R,w,r,e r m /). Repedingvaigbles Rw, r.

M= @=L w=2 =M =L =L = =

ek
__ T _€ _r — ol
Pa rW2R5’p2 R’p3 R’p4 r wk?

4 _
E!pS_
m

- O

—fee Lo L s
rw’R 1§R’ R' R rwR?

6.36 y,=f(V,Vy,Tr, Q). Neglectvisoouswdl shear

[y =L ] ==, [l = L, [r] = 15, [0 == Repesting variebles Vi, v, -
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6.37

6.38

6.39

6.40

6.41

_Y,
p - T
oy

\

f=gd 6r,mV). [f=2[d=L (=L [r]=

P, =P (r does not enter the problem).

-
Yo o 13O
, ¢&V'p

M
Fl

Repedting varidbles d, r, V. (/£ =length of cylinder).

fd

pl:v

14 m

y P rk Ps vd

\ d_g@ mo
vV '&d’ rvdg

Qm —_ Vmgﬁ”n q)m - r mVrT21 (Fp)m - r mvnzjfn

2 ] 2 H
QP Vpﬁ p Dpp r PVP (Fp) p

Ve T

m

_r ViR Q,

m" " m~-m

27 2,37 A
t rv, T r Vo/ Q,

p p"p-p

292
r PVPKP

I VAV

m™"m-~-m

r V3?2

P pp

(Q hassamedimensonsas W.)

V, L L
(A) Rey=Re,. “mim—"PP |\ -y P —1> 9=108mis
D D6 Lm
V, L L "10°°
A) Rem:Rep le—m —_bp \ Vm :Vp_pn_m:4' 10%
Nm n, LmNp 131" 10
Vv v.d v. d
a Re, =Re,. S B P
n, n, Vp dm
V. (2 vV, (;
Qn _ nno\ Q,=Q-t-l=15 7 —-=0214m°/s
Qp Vpgp VP gp
W, YA -
n = mVnlm _gac L o7\ Wy =77 200=1400 kW.
Wp rprﬁp 7
v. d n 9
b) Re,=Re,. \ 2=—P_M=7" =485
vV, d,n, 13
Qn =15 485 7i2 =0.148 m°/s,
W, = 4.85%" L 200 = 466 kW

72

111

M L
(M= V==

=461 m/s.



V,d d
642 a) Re, =Re,. Vol = %%\ Yo % g
n, n, v, d,

i 2 2
mp rpEpr 5
D r V2
Pn = Dm'n —52 \ pp, =25Dp, =25 600=15000 kPa
q:)P rpr
d 8
b) Re,=Re,. \ -m=_tln_g = _35
v, d.n, 114
My, =800° iz 351=112kg/s.  Dp,, = 600" 3512 = 7390 kPa
5
vd, Vd v, d
643 & Re,=Re,, —0=_PFF \ n=_"P=10
n, np p m
F \Vies
T laVnle gge- Loy 0\ E =R =101b
F,o 1.V, 0 10
v, d 106
b) Re, =Re,. \ -m=_tlm_70" =>-75
Vv, d,n, 141
g VE L2
Fp= Fn B 2 210" 10 =17.681b
L V212 7.52
V(¢ AV V. /. n . n
644 Re,=Re, —~m=—Lt2F |\ _m=_F_M=10assuming —"=1
n, n, VvV, [(,n, o

\ 'V, =10V, =1000 km/ hr.

This velocity is much too high for amodd test; it isin the compressibility
region. Thus small-scade modes of autos are not used. Full-scdewind
tunnels are common.

{.n

m
mnp

©

m p

V
645 Re =Re,. \ —0m=-_PP \ M-
Vp

<
~
|

Water: T :g—":lo assumingn,_ =n
p m
on_ 15" 10°°

Air: Vi =V, ——=90" 10———5-=13500 km/ hr.
Pr.n 110

m-'p

\ V,, =10V, =900 km / hr.

p*

Nether awater channd or awind tunned is recommended. Full-scde
testing in awater channd is suggested.
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Vil Vol :
646 Re,=Re, —~m=—22L \V /V,=¢/¢,=10if n =n
n n

m p

0
\ V. =10" 50=500m/s.

Thisisin the compressihility range so isnot recommended. Try awater channd for the
modd study. Then

Vo 00 g 110
Vo Imnyg 157107
Thisisapaosshility, dthough 33.1 m/sis 4ill quite large.

=0662.  \ V, =331ms

F r V2l
(Fo)m _ Fm o =1000. 4 6622 %:@.
(Folp rpvpes, 123 10
Vyd % 105
6.47 Re, =Re,. Vil ~To%p Ay =d, —21m =25 1’%:0.0048ft.
Nm Np VimNp 55 10
Findng; using Fig. B.2. Then
2
[qum - :1929139, Feiu
pp rpr . .
Y / /
648 Re,=Re, ~mim= pr \y -y pMn_q p5 107" P
n,. n, Lo N, l
Ly _ 5

=———=2000and V,, =0.005m/s.
¢, .0025

m

Wecouldtry ¢, €50 cm, butV, =0.05 m/s. Eachof these V' sisquite

andl — too amdl for easy measurements. Let’stry awind tunnel. Then,
lyn l,, 17107 :
V, =V, —£-—"=01025" 10°-"2" ———-=028m/sif ¢/, =5cm. Or,
P7.n ¢ 18" 10 P

m''p m

if £, =50cm, V, =28 m/s. Thisisamuch better velocity to work with
inthelab. Thus, choose awind tunnel.

If £, @b cm, then

0, Vyt (VAR
649 Re, =Re,. . oo\ =\ o
n n £0Onm 1,9, \% 30

V. f.n n [ n .
m=-_P_m_-30_0= i. \ —”‘:i. \'n_ =61"10°m®/s Impossibe
\Y/ 30 n, 164

VI b -
P\ V=V, [ =2

650 (C) F |
p

=0.5m/s.

N
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651 (A)  From Froude's number Vi, =V, ,:ﬂ . From the dimensionless force we have:

p
212
Fn=Fp or sz = sz \ Fp=Fyp—>—=10" 25" 25° =156000 N.
roVAZ r prlp Vi Im
viooV] ¢ /
652 Fr,=Fr. \ —-=—"_ \V =V, —:10 L _120mys.
Fo)m T V202
(Fo), nmn o\ (R, = 2' (F) =60" 60° "~ 10=216" 10° N.
(Fp), V22 V2
Vrr? VP2 Vm Zm
653 Fr,=Fr,. ——= N =
fmgm ngP VP gp
Q. V.r/2 Vi o1, 1 3
8 —t=—2o2 \Q,=Q,~—F=2"—"-—-=0.00632m’/s.
Q, V.l "V, 2 Jio 100 —————
F, _r V22 VL
b) Zr=E \ R=F, '“25—2—12 10" 10” =12000 N.
p p p-p m = m
6.54 Neglect viscous effects. Fr, \\i— \/:—,/ \ 'V, =63.2 fps.
Foor, V22 Vv, 4
e VR ERE e =087 107 10° =800 Ib.
p p"p-p m m

6.55 Neglect viscous effects, and account for wave (gravity) effects.
Vrr21 — sz Vm — gm Wm _Vm /gm

(00n 0,0, Vo \ L w, V, /¢

p p p p p

VAN
\ w, =w, - =600" /i' 10 = 1897 rpm.
(A 10
T, _ T V22 %
Mo_mmn o\ T =T —>—2=12"10" 10° =120 000 N xm.
T, r Vi P VA
\VARAA v, [ 0 4
656 Fr,=Fr. \ ——2-=—F_ \ o= [T b _ | \ 2 =278.
£08n 0,9, Vv, ¢, 100 l, L
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6.57 Check the Reynolds number:

vVd, 15" 2
Re, :£:5_45:30' 10°
n, 10
Thisisahigh-Reynolds-number flow.
Re, =2 2730 _ 133" 10°
10

Thismay be sufficiently large for amilarity. If o,
\ 3,2 3
Wm =rmvn;€f2n = 23 ’ 12 =2.63" 10°°.
W, r Ve 150 30

\ W, =(2 2.15) /263" 10°° = 1633 kKW.

6.58 Thisisdue to the separated flow downwind of the stacks, a viscous effect.
10,—4_5 =26.7" 10°. Thisisa
15" 10
high-Reynolds-number flow. Let’s assume the flow to be Reynolds
number independent above Re =5~ 10° (see Fig. 6.4). Then

5 Vo, 4/20

\ Re isthesgnificant parameter. Re, =

Ren=5"10"=———. \ V, 3 37.5m/s
" 15 10°° "
20010 e e
6.59 e, —W—BB 10°. Thisisahigh-Reynolds-number flow.
Let Re, =10°=—vm %\ \/ s 375m /s for thewind tunne.
15" 10
Re, =10° = l\{mlo'_le .\ 'V_310m/s for thewater channdl.
Either could be selected. The better facility would be chosen.
F r Ve 2 2
mo mnn 32\ g =gl 146N
F, o V20 F. 123 15° .4
Y 3,2 3. g2 3 2
Wi, rmVn;K? _ 153, .42_ \ W, = (15" 3_2)203 . 10
W, r,ViZ  20°° 10 15

6.60 Reistheggnificant parameter. Thisis undoubtedly a high-Reynolds-
l
number flow. If the modd is4' high then g—p = 250, and the mode!’ s diameter is

m

45/250=0.18'. For Re,, =3" 10°, we have
V.~ 18

Rem =37 10° =
15" 10

115
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6.61

6.62

6.63

6.64

Mach No. isthe significant parameter. M, =M .

M. = WV Ye o\ v ooy =200m
a My = p* __C_' m = Vp = M/S.
tm Cp
F V202
P | HTI0r 20t=a0n
Fp rprfp
c T
b) Vp:Vm_p:Vm —P =200 ’E =186 m/s.
Crm Tn 296
r V22 2
= mL;s: 10" .601° 1862 ~20% =2080 N.
P I’.m\/m m 200
=
0) Vp =Vip—2 =V, /—pzzoo 2233 _174mis
m Tm
ro V2o 1747
Fp = Fm _p_pz_;):]_O,338, 3 ’ 202 =1023 N.
me Em 200
V,
Mp=Mp. \ \i:_p_ \ V,, = 250 /£:276m/s.
Cm o 223.3
Vin _C%m _ [Tm \ V, =290 /%zzwm/s
Vp Cp p 273
RERVZ r, V2 .338r , 262°
Sho_mm pp:pm_p—‘;:go 0 > = 34.6 kPa, abs.
P, I,V M Vi 8r, 2900 ——m—

a, =5 forsgmilaity. (Note weuse r  a 2700 mwhere T =0°C.)

vz Ve V /
@ Fr,=Fr,, —2-=—F_ |\ o= /|0
gmgm Epgp VP p

Vol 1 1
WoYnZe o 1 og00 0\ w, =20007 —2 = 6320 rpm.

w, V, ¢, +10 J10
Vol Vol (VA
b) Re, =Re,, ——+m=—"2 \ _2=_C=10
n, n, vV, /.,
YA 1
Wo—Ymp 2907 = =1\ w,, =2000 rpm.
YA 10 —_—

There are no gravity effects nor compressibility effects. It isahigh-Re

T, V22 R 152
flow. —mzm—"f;“. \ T, =T, —>—+5=12" 52 " 10° = 750 N >m.
T, 1 Vi P2 g 60

p p p-m
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\VAN’ V 15, 1
Wn=YnZe W, :wm—pg—m=500’ L. — =125 rpm.
w, V(. v, £, 60 10
VAR ¢
665 Re,=Re,. \ —2n=_FPF \ Vv :vpg—pzlo' 10=100m/ s.
n n
m p m

Thisistoo large for awater channd. Undoubtedly thisisahigh-Re
flow. Select aspeed of 5m/s. For this speed,

Re, = 5 0216 =57 10°, whereweused ¢, =0.1 (¢, =1m,i.e, the
1”10
, . v.t, .5, .
dia of the porpoise). w,, =w , —~—=1" —" 10 = 5 motions/ second.
V, 10
666 = t=tf,u ==, v =2 x =X, 2 =Y subsitutein:
r, V V [ /
V * * V *
f roﬂr* +r0—‘”(r - )+r0—‘"(r - ):0.
Tt X Co Ty
Divideby r )V /¢:
feqr™ 9, .0 T .. fe
\ ——+—=(u)+—=(rv)=0 arameter = —-.
0.67 V*:!’u*:ﬂ,v*:l,v\f:ﬂ’x*:ﬁ’ y*:l, Z* :E,p* :L,
U U U U 1 / 1 ru?

Subdtitute into Euler’ s equation and obtain:
— *x 2 — % 2 — % 2 = % 2 ok ok
w u° .1V +U V*‘ﬂv* +U_W,k'ﬂv rus Np .

uf D = 1 =
it 1 X 1 Ty 1 1z ! r
Divideby U? / ¢:
foqv* YA LIV YA ch
—“N* +u W* +v W* +w ‘”V* =-Np. Pararneter=E
U it Mx Ty 9z u
668 V' :%, t* :%, N"=/(N, p = pz , h =D. Euler's equation is then
2 7 2
EULERE R
¢ Dt 1 1
Divideby rU? /¢
bV - x -g—t;Nh Parameter:g—i.
Dt

6.69 Thereisno y- or z-component velocity so continuity requiresthat fu/ §x = 0. There
isnoinitid pressure didribution tending to cause motion sofp/ fx = 0. The
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x-component Navier- Stokes equation is then

Tu, Tu il ﬂu L1249
ﬁ X{ /‘ﬂy W__-_ +n§ﬁ(x * /Y(zz—

(WI de plates)

Thissmplifiesto
fu_ Tu
—=n :
Tt Ty
letu =u/U,y =y/handt” =tU/h Then
U?qu” _nU Y0
h t™  h? fy>?
The normdlized equation is
‘ﬂu* :iﬂzlf where Re—U—h
T Refy? n
b)Letu" =u/U,y =y/handt =tn/h?* Then
nufu _ U
hz ﬂt _nhz ﬂy*z
The normdlized equation is
u _1°u
ﬂt* - 1_[y*2
6.70 Theonly velocity component isu. Continuity then requiresthat ffu/ x =0

(replace zwith x and v, with u in the equations written using cylindrica
coordinates). The x-component Navier- Stokes equation is

/ﬂ“ K T, ﬁ!_ 1ﬂp+/g/+ M, 1mu, 1% Zé_
r 19 X r x ﬂrz rqr B

Thlssmpllflesto
Tu__1fp a&°u  1ud
—=--—4+n +—
Tt rIx & rore
aletu =u/V, X =x/d, t =tV/d, p=pirVZand r =r/d:
VAU _ rVviep +ﬂ8612u* +iﬂu*('j
d it rd I d2&TrZ r fr &
The normaized equation is
* * 2 * LTy
'ﬂu* = ‘ﬂp* - EJZ +i*ﬂu*(:) where Re—v—d
ait X Reg‘ﬂr r-ro n
b)Let u" =u/V, X =x/d, t =tn/d?, p =p/rVZad r =r/d:
ﬂ‘ﬂu* _ rv p’ +ﬂa&[2u* +iﬂu*¢
d? qt’ rd IX  d28%Z r 9r o
The normaized equation is
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. . 2 .
'ﬂu* = Tp ."lf +ri*ﬂ$* where Re:\/?OI

ﬂ

6.71 Assumew =0 and — = 0. Thex-component Navier-Stokes equation is then

6.72

6.73

%“—W R

With g, =g thesamplified equetion is

uﬂ——g a°u ‘H uod
ix S‘HX W o
Let U’ :u/V X =x/handy =y/h Then
L qu’ Va&[zu* 12U’ 6
—Uu —= -
h u % g% 2811)(*2 Iy?o

The normdized equation is

Lut 1 1 a%uT T%uo
u ﬂ*:—2+—§[ +ﬂ —whereFr—LandRe—V—h
%" Fr eflx Ty \/hg n
u* :i’ V* :l’ * :T_ )Z :)i, y* :l, N*Z :£2N2
U T 1 1
UT T UT, T U0 K_ ..
rcpé Oﬂ . oﬂ *u:_ZTON 2-|-
e ! TIx Y g !
Divideby rc UT_ /¢
I K gy Parameter= 1 =1 1
> Ty rc,Us mc, rUl PrRe
r*:r_\7 ! :E,KI* IEN,N*ZZ%NZ,D ZE,T*ZL
r u’ 0 / ¢ P T
) o
momentum; ror*U—D—*:-&N*p*+£2N*Z\7* +£2KI*(KI*>%\7 )
¢ Dt l l 3/
Divideby r U* /¢
r* DV* - pO . N*p* m N 2\7* +N*(N* )«7*)
Dt r,u rus
U DT K U * * U *IE kT
energy: rc,r T, — — TN*T - p,—p' N V"
gy vio'o / D 62 0 pO /¢ p

Divideby r ¢, T,U /Z¢:

o“v' o

*

* DT _ K N*z *_ pO *N* %

r — = T
Dt r,c U/ r,c,T
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p, _RT, kRT, ¢* _ 1

The parameters are: =—= == = :
b rU? U ku* ku? km?
ro 1 K K¢ m K
r.U/ Re’ rcUf mc,c rul - PrRe’

po _RTO_CP-CV
rcT, cT ¢

o~“v'o

The sgnificant parametersare K, M, Re, Pr.

=K-1
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