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suvav aea = 1oy of Water and Air at 1 atm Pressure

Water (lig.’ Air?
Temperature Viscosity Kinematic viscosity Viscosity Kinematic viscosity
T (°C) w (mPa «s) v (cm?/s) w(mPa-s) v (cm?/s)
0 1.787 0.01787 0.01716 0.1327
20 1.0019 0.010037 0.01813 0.1505
40 0.6530 0.006581 0.01908 0.1692
60 0.4665 0.004744 0.01999 0.1886
80 0.3548 0.003651 0.02087 0.2088
100 0.2821 0.002944 0.02173 0.2298

—

“Calculated from the results of R. C. Hardy and R. L. Cottington, ]. Research Nat. Bur. Standards, 42,
573-578 (1949); and J. F. Swidells, J. R. Coe, Jr., and T. B. Godfrey, |. Research Nat. Bur. Standards, 48, 1-31
(1952).

" Calculated from “Tables of Thermal Properties of Gases,” National Bureau of Standards Circular 464
(1955), Chapter 2.

mPa.s = cp
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Temperature Viscosity Temperature Viscosity
Gases T (°C) p (mPa =s) Liquids T ¢C) u (mPa - s)
i-C,Hyg 23 0.0076° (C,H5),0 0 0.283
SF 23 0.0153 25 0.224
CH, 20 0.0109° C.H, 20 0.649
H,O 100 0.01211¢ Br, 25 0.744
CO, 20 0.0146" Hg 20 1.552
N, 20 0.0175" C,H;OH 0 1.786
O, 20 0.0204 25 1.074
Hg 380 0.0654 50 0.694
H,S0, 25 25.54
Glycerol 25 934.

“Values taken from N. A. Lange, Handbook of Chemistry, McGraw-Hill, New York, 15th edition
(1999), Tables 5.16 and 5.18.

® H. L. Johnston and K. E. McKloskey, J. Phys. Chem., 44, 1038-1058 (1940).
¢ CRC Handbook of Chemistry and Physics, CRC Press, Boca Raton, Fla. (1999).
¢ Landolt-Bornstein Zahlenwerte und Funktionen, Springer (1969).
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Table 1.1-4 Viscosities of Some Ligquid Metals

Temperature Viscosity
Metal TCC) s (mmPa - s)
Li 183.4 0.5918
216.0 0.5406
285.5 0.4548
Na 103.7 0.686
250 0.381
700 0.182
K 69.6 D515
250 0.258
700 0.136
Hg —20 1.85
20 155
100 1 (6 |
200 1.01
Pb 441 2.116
551 1.700
844 1185

Data taken from The Reactor Handbook, Vol. 2, Atomic
Energy Commission AECD-3646, U.S. Government
Printing Office, Washington, D.C. (May 1955), pp- 258

et seq.
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Momentum Transfer :
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More about rate of momentum transfer:
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More about flux of momentum transfer:
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1) The Bingham's Model (Bingham Plastics):
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2) The Ostwald — de — Waele Model (Power Law Model):

n—1 dv,
dx

dv,
dx

Ty, = —M

In which m and n are the model’s parameters.
Forn = 1,it reduces to Newton's law of viscosity withm = u;
thus the deviation of n from unity indicates the degree of
deviation from Newtonian behavior.

dv

Forn <1 behavior is pseudoplastic: —= T ul .,C{bﬁ.f

Forn > 1 behavioris dilatant:
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Mass Balance:

Overall Material Balance:

Input — Output = Accumulation

Specdific Material Balance:

Input - Output + Generation - Consumption = Accumulation
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Processes
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Across surface at x TXZ'(LW) | X

Rate of z-momentum |
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x+AXx
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—  (Txz- L) |x — (Tyz- LW) |x+Ax +p(LWAx)gcosa = 0

(Txz) | x — (Txz) | x+Ax

+~ LW Ax + =0
- A pgcosa
dt dt
Ax -0 —> —d—;z + pgcosa = 0 > d;Z = pgcosa

—> Ty, =(pgcosa)x+¢ B.C1 at x=0 1,~0

— c1 =0 — Ty = (pgcosa)x

dv, pgcosa
— Ty, = —H— =(pgcosa)x > v, =— 20
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pgbdecosa
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2) Volumetric flow rate ( d:)

dQ = v, dxdy

W 8 W 68 2 2
pgd“cosa X
Q=f fvdxdy=f f ll—— ]dxdy=
o Jo o Jo 2p (5)

9)

o 2 3
d0“cosa XA 2 Wé°cosa
Wf Py 1—(—) dx = 29
0 21 3u

_ pgWé*cosa

Q 3
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3) Average velocity
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Reynold's Number

| : Characteristic Length

— pvzl e p: Fluid density
NRe —
U 4 : Fluid viscosity
_ e vz : Fluid average velocity
4pv,0 |
NRe — M -’ U’}/jl &Uﬁ/ UE/ )

—

if Nre< 4 to 25 - laminar flow
— if 25 < Ngre<1000 to 2000 —>laminar flow with Rippling
if Nre>2000 > Turbulent flow

B
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Vz(7)

Trz(7)
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2) Volumetric tlow rate Q: QG)

dr

dQ = v,dA = v,(rd6)dr = v,rdrd6

P,—P
2w R 21 R ( 0 L-|—pg)R2 7N 2
Q=f f vrdrd9=j f L l1— — ]rdrd@
0 0 ’ 0 0 4‘,[1 (R)

Py — P
T tPg)

8u

—P
= anR( L4: PR [1 — (%)2] rdr = mR*(
0

R4 (R PL +pg) . .
Q = 8 Haggen-Poiseuille Equation
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Ostwald’s Viscometer
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Creeping tlow Around a solid sphere

/ R /
wo o) DI A (7 2

e
NG ES TN

o A
w97 ’//bu‘.«cjy 04 28 S AsIT s

& / N » & . /
w577 NP b Ao s sl b5

Us D y
NRe,p = p P <01 DP o)/’/

66



C

@PetroBooks

-

reeping flow

Turbulent Flow:

67



) @PetroBooks
S Ju

/
. ) / ) ;.., R " - _
: KJ ddb;d,w./tuL/'}L;U”/uL/'d’/by;&;w/@/ i S
& /' . / L / / LT & .
A GRS et el i e et - 1
f+ (I‘,e,(p)g;/u:/ ::,L:@’bf_,é] -2
dA oo
th,a‘ff - 3

’ Lo w4
27 (£l fn s ft d){)}yﬂqij.ﬁd/&ﬂo/é/u’u'/ dA

68



) @PetroBooks

ft = Tangential Force

fn = Normal Force P
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2| 1)l sin1da
0 0

2T T
= f f [(T,0)|r=r SINO]R%*sinBdOd P
o Jo

—  F; = 4nRuuy, Friction Drag

Y
o o
Sy e sh. s s Friction drag

F, = fo " fo [(=p)lyor cosBldA

2T T
4
Fo= [ | (p)lrar cosOIR?sin0d0dd = S nRpg + 2Ry,
0 0

4
E, = §TL’R3 pg(Buoyancy or Buoyant force) + 2nRuu (Form Drag)
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4
- F= gﬂRBpg + 6mR U,

F = FB + FD

Fp = 6mRuuU Stoke's Law

Fo: Drag Force

Fs: Buoyant Force
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o =y - g
Frzrcbos Il Lk P dhides pp ST s
: ﬁ: @U//{bu"&//of. -

m: mass of particle Fp Fg

pp: density of particle
pf: fluid’s density

R: particle’s radius

u: fluid’s viscocity

ZFzma mg

4 o3 4 o3 4 3 du —
§TL’R ppg—gnR pfg—67TR,uu=§nR Po - — u=u(t)
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2R* (Pp — Pf)g
I

du B
If E:o - U=U =

u; = Terminal Velocity = ~ =/

2R*(pp — pr)g
~ = Qu,




) @PetroBooks

Falling Ball Viscometer:

& /' . / Vel : A . /
oy $A 0 2o 20 iy i e Sl R Pl /i

- .o
RVl DOt

_ ZRZ(PP — ,Of)g
- Qu,
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Chapre ©

The Equations of change in Isothermal systems

L s f/ ,,(?“_aﬂ,w
f’/ J.L'/ - . &1/“'.%“&/1};/) A _“J//),C(;’(..?’“(::/":)&”};&/z&tf,q/uuuf)?{é};u ’/dff
: ﬂ/ﬂ'_“/) - sl
9 w“/ga‘}g/{.:/;,y“ ,/d"ﬂ;b/ v

: . o/
ne Equation of Continuity U‘/{/,J;u
ne Equation of Motion =7
ne Equation of Energy () Dl

wn =
- <4 -
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1) The Partial Time Derivative

2) The Total Time Derivative

dc_ac_l_dxac dyac dz dc
dt 0t dtox dtay dt 0z

3) The Substantial Time Derivative

Dc B dc ac 80 ac
Dt 0Ot

dac
ot

dc
dt

Dt

M7

ST

M SHT
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The Equation of continuity

To obtain this equation an element with dimensions of Ax, Ay and Az has been selected

Z
1 (V) | 21az wvo|,  The Overall Mass Balance On The Element
/|T "/ (Rate of mass in) - (Rate of mass out) =
| oo Rate of accumulation of mass
(v [y | i
-
/ 1‘ [(pvx) |xAyAZ + (pvy) |yAXAZ + (,DUZ) |ZAXAy] —
Y
(pvx)|x+Ax am
(ov) |, [(va) |x+AxAyAZ + (pvy) |y+AyAXAZ + (,DUZ) |z+AzAxAy] — E
X
_ 0(pAxAyAz) AxAvA ap
B ot - SYRYRI Gy

+~ AxAyAz —_

(PVy) |x — (pVy) |x+Ax n (pvy) |y - (pvy) |y+Ay 4 (pv,) |z — (pvy) |Z+Az _ a_p

Ax Ay Az dt
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I L

0 0 0
OR a—'[: + — (pvx) + — (pvy) + — (pvz) =0

- . S
The Partial Time Derivative JWA-= Lé’ Dl

dp

V.ov) =0
6t+( pv)
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dp _Op 0 d d B
+ (V.pv) = =+ o= (pvy) + 5 (pvy) +5-(pv;) = 0

ot

“ ot P ax Tox TPy, g, TP, TG,
— @_I_ a&+avy+avz _
Dt dx 0dy 0z
Dp
OR — 7.v) =0
Dt+p( V)

(Substantial Form)
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Special cases:

1. At steady state condition:

dp 0
Pl - (V.pv) =0

2. For incompressible fluids:

(V.v) =0

(Even at Unsteady — state Condition)
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The equation of motion:

Rate of momentum in - Rate of momentum out + sum of acting forces =
Rate of accumulation of momentum

X-component:

[(pvAyAZ)vy | ¢ +(pvyAxAZYV | ) +(pv,AxAY)vy | ]
_ Convective
_[(pvayAZ)vx | x+Ax -I-(pUyAXAZ)Ux | y+Ay +(pvaxAy)vx | z+Az] mechanism
+H(TaxbyA2) | +(1y8x02) |, +(1,00x0) | ]
- Molecular
mechanism
_[(TxxAyAZ) | x+Ax +(TyxAxAZ) | y+Ay+ (szAxAY) | Z+AZ]

—

d(mvy)  0(pAxAyAzv,)

+ (PAYAZ) |, ~(PAYAZ) rns + (PAXAYAZg,) = 2 ot

0(pvy)

= AxAyA
xAyAz—;
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~ AxAyAz
d(pv,) 0 d d
> =[5 (pvav) + - S (Poyva) 5 (vzve] -
0T,y Bryx arzx Op

Dv, 0T,y N (')Tyx 0T,y
P Ix ay )_E + Pgx
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0
a(lm;) =—(V.pvv) —[V.1] = Vp+ pg

Rate of increase Rate of gain  Rate of gainof Pressure Gravitational

of momentum ofmomentum momentum by  force on force on

per unit volume by convection viscous transfer element element
p-u.v p-u.v p.U.v p.U.v

Dv

— =—[V.7] =V
T IV.t] = Vp + pg

Mass per unit Viscous Pressure Gravitational
volume times ~ forceon force on force on
element element element

acceleration
p.U.V p.U.V p.U.V
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Dv

— =—[V.7] -V
P o [V.7] = Vp + pg

Special cases:

1) For Newtonian fluids with constant p & u

Dv

Prr = uv?v —Vp + pg Navier Stoke’s Equation

2) For fluids when [V. 1] is negligble:

Dv

Br = —Vp + pg Euler’s Equation
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S J}/

:;’aw'/.[;’:u‘f/ z(’,«:!‘f;l
e
PRI P |
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uw./té//-B
srde-4
s
AL
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The Equation of continuity

dp/ 0
/ //)+ fy/+—(pvz)—0

At
L .o ) UV, = ’I?y =0
 PLgIIAT
A
;/Ld./‘f‘i 6_,9
System at steady-state
0v _
9(pvz) _ 0 — 9vz _ 0 and (’/'uﬁf = — =0 Z> U, = U (X)
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The Equation of Motion (Z-component):

vy Uy
o+ %%+ /
0Ty, , OVyz zZZ
— 7£ +

o
dv (}é App. B, Page 843 (Bird)

22 = = cosa
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ST P iR sl Jodd. Py g K'/Ju

T Aot 35 P G A S
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Zv ) .4/1‘/“))/') zd}'}’z&"f,‘,z('/lutﬁ
L e " - M
} :&L:/ it 194 ET/‘;:‘ 2

.r’/&&’//.’.')ZU’L/'J/»r’/’)U//:] rdw,:JK/C’/,)

92



) @PetroBooks ity

0] 0] o

/ag 10 /+1a L0 i
at rar(pr ‘l") rae p 0) az(va)_

The Equation of motion: N avZ —0 and % =0
Z-component: 07 00
o o o o
oy 0)7 v@gvz dv, op
p<7a Uy TR a0 0z ) T "o

10(rt,;) 1074, zZ
L LN

2 /%
e = a2 22 )
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10 dp
— 0=———(rTrz)—a—+pgz
f1d( -
10 dp ~ gy UTrz) =
= ()= +pg, =k > rar
| || | .,
F(r) G(z) T4z TPz

—dp = (k — pg,)dz —> dp f (pg; — k)dz
Po

Po — PL

Po—D 1 d _
T d?‘ (TTTZ) L + ng

— k=———+pg, —

94

d Po— P
— dr(rT‘rz)_( OL L+pgz)r
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The Equation of Continuity

“0 9 0
P %ﬂar(m/)ﬂae(pv@ﬁ—(p/)—0

0
—>  55re) =0

_____

tant —> 9Ve T
| = constan — =
> kR < ' —
6v9
X — 0z
é/

—>  vg =vg(r)
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The Equation of Motion (All components):

2
Vg ap
r- component: — - — —
P P r or
dl|1ld
0- component:
T dr lr dr (TU@)]
_Op
/- component: 0=
aZ + ng
1d d TZ
— ;E(TVQ) =C == E(TU@) =Cr —> rvg = C17+ c,
_ar
— V= 2 T r
B.C.1 at r=R Vg = Rwy kR r

B.C.2 at r =kR vg =0 —> Vg =Rw
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T = RF; (Torque)

d (Vg 10v
F, = (— _p2TRL = — —(Z)4+ T
t = ( Tr@)'r—R T Tr0 u[rar(r)-l_raH]

_ d Vg 2 k2 1
tro = H ’"E(T) —> T = T2URwo | T |

k2
— T =4nR%wyLu (1 — kz)
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P
. » / » o/
Couette-Hatschek viscometer s ,b/uu 14

T -k?)
b 4mRZLwyk?

7

& w ® / R w '» . / /0 . t
R R O L S BV I IVE 2

) LR }/ -~ » & ,u"/... o / » 0/
i)f(‘,vlufu ; u!&/),;’/'»u‘dv/uuyi Iy :3)

I
p=p(,0,z) @
Z
D
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? ? 9
dp = a—fdr +£d9 +a—Zdz

2
Vg
dp = pTdr + pg,dz

p=F(r)+pg,Z +p
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& &
e oy /..’/J”

JP
PdA (P +— dx> dA
0x
— dA C——
| s

— dx —>

0P
ZFxZO — PdA—<P+de)dA=O

oP

— =0
dx
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b) Z-Component. F U’f/’/wﬁ/f"”
aPd dA
(p . z)
o
p dZdA I I TZ
ZF—O:»PdA—(P+a—dZ)dA 9 47dA=0 w=mp oF L
Z a pgc aZ pgc
= ar=Lax+Laz—ar-—pLaz
“ox oz - Py
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p = cte /;L'%"(a

"
?
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LA

p # cte /iﬁb
g
a)p =cte = P:—pg—Z+P0
C
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dpP p
+gdZ=O=>—+£Z=C

P Yc P Y

NG S e o E A /ﬁdbﬂ S15225

Pa g Pb g

+—Z, = —+—7 s Az Dy ass,
0 e a 0 e b ./:r:ib 2"
P, — P AP
b a:g(za—Zb) =) +gAZ:O

P Jc P Jc
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sy //‘%;U T K o N e b

m PV  RT
PV =nRT = — —_ - =
PV MRT - W
P RT PM
— — = — :p:—
P M RT
M g
— dP = ——— —dZ
RT g,
dP M g
- —=—-———dZ
P RT g,
= le— M Ly — 2

— D _ M9 (Z, — Z.)
Pa—exp[ RT\ g, ) b )]
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Manometer

¢ " PP /
Pa — Pb =7 :)}',o'i'a)b/lJ(’/"}’L./L/)A{’ycjl)//b/

Fluid
1 5(b)

P—&=a—&

------ 4
P‘&— P1+Pf_(R + Zim)

Yc
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(P — op d—x)wd ay,
ox 2 }»ax <—(P +Z—I; %)Wdy
pwdxdyi
"P opdy.
( ~ % 5 wdx
> X

a) x- COMPONENT:

E _ may 0P dx g P+6P dx _ pwdxdya,
Zx g, ax 2 )" ax 2 )V g,
- a_Pz_p%
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Y-Component.

P dy opP dy) g a
- = —|P+—=— = |wdx - < = Y
(P 3y 2 )de ( 9y 2 pwdxdy I pwdxdy 7
0P _ %Y +g9

= p

dy Jdec
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T s WU G
{ o » ¢ "

ap =2 ax+ 224
Tax ey
Ay ay+g
= dP =—p—dx — d
pgc P Yc ’
a a, +49g
= P=—p2x—p~Z y + Py
Yc Yc
dP=0 — ﬂz_ Clx
dx a, +g

Isobar =i+
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) @PetroBooks
IR O.Qu’dbf,d’.w'@’.ujul“ 2 [t sy

/ o S ft
W S 30 Al s 8.05 )

N s
IO e G

T ‘/UL )//)/Cg C.f/; ( b




q @PetroBooks. .f

= _ >xc0s30 4V 1025 — a=1¢ ~1(-0.1925) = 169.1°
dx  a,+g  805xsin30+322  dx T | o
P=P % 19 Py —0.9 X 624 X 220 ¥ — 0.0 x 62.4 x 02T 322
= — 00— X — = Y ' 29 TV .
o= P XxpT =Y =h 32.2° 322 7
— P =P,—12.18x — 63.15y
AY
8.05 L
S
B
A
\)ﬁ
a C ssss~~~~ H
<7
X D
=3

— _ o° BH
B =30+ (180 — 169.1) = 40.9 > tanf=—— — BH=173ft
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) =8 ft3 /f;
gft3=4ft3 ’.’."f”"f;”ﬂ;
AC + BD
V= > X2X2=4ft3
A=1-
AC+BH+DH=2" - AC=0135 — A ,
y,4-1.117

- 0=P,—-1218x1.665—-63.15x1117 — p, =91

Ib
latm = 14.7 X 144 = 2116.8 —L
ft?

2116.8 = P, — 12.18 X 1.665 — 63.15 X 1.117

Lby
—> Py =2207.8 —= absolute
ft?

mgauge
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VA
\ P = Patm /
\ | on
\ surface
\ / .
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[ | ~_p=p2)
ZJ”L within fluid
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dP a, P r w2
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2

0P doP rw a,+g
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F=J pdA=J 0 hda
A A Yc

18 18

f p— J hxdy = f p—(ySmoc)xdy
Yc Yc
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— F—(pg Sma)f yxdy = (ijma) [f yxdy + f yxdy]|
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— F = (ijmBO) Jg(y—8)ydy+f§(18—y)ydy]
C
8

32.2

- >a-a 8)vd +f 18 — y)vd
08><624><322><2 fS(y )ydy 5( y)ydy]

- F =9734.4 lb;



) @PetroBooks

— + =
Xp X yA
XPZEZZI

_ g
yp=y+_—

P &L«:; 02 T_"//,c
Yp '

P TR TS
SNy St S V) gl 2V ./Lf ,f G ST



) @PetroBooks

I . )/}T;“//A
G Wi

. v
a /f,.:/"/ é/ rww

bh3
e =36
- X
' v 1 3
X //7."/"/5/(»/(/' Ix_x — Ebh

S s s
ﬂ/ff/’».ﬁ/"’»&ﬂfﬂ//)“&ﬂffl@ 7



) @PetroBooks
EF=6

DF=5

= (13 + 2x6X5° — 13.32"
Ip = 12x13x30/) >

) |

EDF , ECF »&,

x =2

bl Iy Jas 2/‘ NPy
x.p/! OV, d}”’/’//&5 JI u,al./U;



) @PetroBooks

//"?/("J'J”

D N
/’ E > Fx2 < F'x6

C, 97344 %x2' < F'x6'

— F' >3244.8 b

/

IS

0..

/»u)%
’0.




) @PetroBooks

s U/)//)/"‘;/G'té/

> X

dF
dR

dA 0
X

dA




) @PetroBooks
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A
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The Pressure Prism Ny
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F = f PdA
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Crnupisr <
Bernoulli’s Equation
:Stream line
“‘ﬁf":’ﬂdf/. A;/./);u' é{i.auru’u/..J/“ ,)J.L‘/o/;./‘t'{é/ljau/jfub/ v
..“//u;éuﬁ/jﬁ;\/
— iﬁw‘jﬁd‘t’/&f/ /')/'/'ut’ﬁ'/v,é/ tuy. v

:Plug

— AYIN ({)JJ’/C{‘:’ PASE (ST 1 flow
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The Equation of continuity

We had a previous view of :

& / * . » .
¢ vl W yfé‘” /’/I,@/r//',wz.:/' q vy Jd
:é” iy u;u‘ o/’)// 27
m = pvs =ed e

M = pUS = paVqSq = PpVpSp =" *
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s P e positionsies gV
y whoo / 7
,:(f/;'ﬂ/wm;tPlug flow s~ $ 15057 5~ iSteady statesos L/

:Jbﬁ'}‘)u&//g&b

ma,
e
Ic
dz

Pd (P+dpdl>d dids - coso = pdids =
S — E— S — p S—LOoSU = p S —
dl Je Je

Pds
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_ ma; dP 7]
F, = — Pds—(P+ Edl ds — pdldsg—CosH = pdldsg—
Cc Cc

dP g P g
- —E—pECose pa — dl+pg COS@"‘P; 0
Cos@zg 2 al:du du dl_ud_u
dl dt dl dt dl
dP g dz udu
= a P atrga’
- ap + 9474 udu =0 (Eiiler's Equation)
P Yc Yc
Dv AT
P = —Vp + pg W@ U%.’J/e

P 2
For constant p — __|_iz_|_ u

P 9e 29,

= ;’/'L“/’A:/ Bernoulli’s ECI-
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u U,
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o e L
dm =pvds — m= J pvds GGy -2

2 3
: : v N Ek _J 0 4 ds
dE, = dm X =
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J, p5%=ds f,, p>2=ds,
al 2 a 2
Pa gt e 28  _To 9, 42 20 + hy
p Ye fa pvadsa P Ye fsb ,Dvdeb
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=
29 29.
3
%
. . 52 _ fS ngcds
29c  29c pUs
1 v Kinetic Energy correction factor
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32.2 1 X 6.752 ft.lby
0.6 X W, = —— 10 w, = 101.1
Wp = 355, G0 + 5o+ 10> Wy b,
b,
m = p.V.5, = 1.84 X 62.4 X 3 X — (—)2 1766T
_mXw, 17.66 x 101.1 at b 1k — £5 ft.lbs
POWEr =""ceg ~ 550 - pLip= e
Pc g AV, Pa 9 AgVg
“i+Zdz 4+ o, = 2L,y +h
p g ¢ 2g. P™ p gt 29, 7
o _ ft
Vg =Vp = vd=vb=675?
Dag — De _06X1011_|_1><32—1><6.752
1.84 x62.4 ' 2 X 32.2

lby
— AP = 6902

fZ

+~ 144 = 47.6 psi

+14.7 = 3.26 atm
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: P
Momentum Macroscopic Balance r,v, E Sy

ZF——(Mb M)
_—

1
PaSa_PbSb+Fw_Eg= g_(Mb M,)
c

Jtzu’ 99935 27 (;’ vRate

dmm = pvds —> dM = pv?ds —> M=J pv?ds
S
W=ppots — B==| s
B SRS N

Momentum Correction Factor rr g -7
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[

:J:/JJ)/
2 2
__ (sa\ _ D, . 50 _625m
vb N va Sb N va Db N 20 - S
Pa + J + aagaz P 9 abgbz J
— T = —+—2Zp + +
p gt 20 p g 2g, %

1OOOOO+1><12_Pb 1 X 6.25%
998 ' 2x1 998 2x1

X—component :

—> P, = 81010 pa gauge

m _
PaSa,x _ PbSb,x + Fw,x o Eg,x - (,Bbva ﬁava,x)

2 Ic
m{ 50 5
Sa,x = Sq = Z M = 0.001964 m

= 0= (29 ) Y2 _ 000222 m?
Sha = 55056 = 7| 7555 >-=0. m
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Vox =Vg = LU — Vp x = VpcosO = 6.25 X - = 4.42 5

k
= paU,S, = 998 X 1.0 X 0.001964 = 1.96 ?g

1.96
100000 x 0.001964 — 81010 X 0.000222 + Fyx = —— (1 x 442 — 1 X 1)
RN Fyy=—1714 N

Y — component:

m — —
PaSa,y - PbSb,y + Fw,y - Eg,y - (.Bbvb,y - ,Bava,y)

Ic
Say =0 , Spy = Spsing = 0.000222 m?
m
ﬁa’y =0 ) ﬁb,y = ﬁbSl’nH =442 —

S

1.96
100000 x 0 — 81010 x 0.000222 + F,, ,, = T(l X442 —1x%0)

—> F,,=2664 N —) F= \/FW,xZ +F,,° =173457 N
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Sax = Sa »Spx = SpC0SO Uy, =V, ,VUp, = Vpcosl

)

Sa,y = ) Spy = SpSing Uy =0 ,Upy = VU Sino
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cnapter 6

Turbulent Flow, Turbulency : s ﬂ,,u(, 7
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Reynold's Experiment s T
q:/fw' p1_]D
| | Nee =
J{ut
g1
L S Ng., < 2100  Laminar Flow
d

2100 < Ng, <4000 Transition Flow

0\ ? Ng, > 4000  Turbulent Flow
X ﬂ/ J 174
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Reynold's Experiment idra T
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Figure 9: Scales of turbulence. (Jeinfeld, 1986)
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47 .48

47.47 -

AT 46

4745+

-122.45 -122.4 -122.35

Longitude (deq)

@@ @/g@

(a) Object m is situated as in Figure 2 (b) (b) Object m is sitna in Figure 3 (a)}
() Object m 1s situated as in Figure 2 (¢) {d) Object 1 is situated as in Figure 3 (d)

e z X
» Y ;
-~ : 3
T g
e
i
. “"s-,_,‘,
N
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Modeling of Turbulent Flow

U; ,v;, w; Instantaneous Velocities
u,v,w Average Velocities
u v 2w Deviating Velocities
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to
-1
U= t—j udt Average Deviating Velocity
°0
to
— 1 5
us = —j u“dt #0
t t
0

180



) @PetroBooks

If u_ = v_ = W2 - Isotropic Turbulency

—

Nature of Wall: .)/’»/'{)LJ(/,@’!
Turbulency: -

Free: Cf; ./L//)J(/CJL/. 9377

—
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Intensity and scale of Turbulency:

oo . /,L’LZ
u}{//:,; — 5 I = 100? —
ey 5 —10%
Scale of Turbulency T Y
(1) —7 >
0 y
2) — Vv 51U
Ly = j Rydy (2) 2
0 Uy X 1

Correlation Coef ficient: Ry =

’2 /2
U~ X /uz *
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u dv
(Txz)iam= _gc (dxz)

E., (dvz
g. dx

(sz) tur— —

(Em + 1) (dvz

(sz)total= - g. dx

dm = pu'ds

dM = pu'*ds

M=J pu’2d5>0
S

E..: Eddy Viscosity
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Energy loss calculations I AN

/ L
hfS Skin Friction d!o/'}'}d@épﬂ,ﬁ/'}d/ﬂ&«’!

—>
— 2nrdLT p
; nr’p—4 <~ (P+ a0 dL)mr?
—_— dL
Py P,
—>

L
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) _d_PZ _ dPT'W
mreP — kP+ dP)nr —2mrdlt=0 — T=-—r5 = w=-_o
_ dPD _ APD
= WTTazT T2
P, g a,v,° P g AT
—+ Sz b= gy 2+ Ry
P e 29c P Yc 29c
p,—P AP
—> Nf. = ! 2 = — > —AP =phfS
T p p
Ty u’{)»tﬁfm
Fanning Friction Factor f = == ;
v Ny X b 297 4
P29
APD  PhysD L L
L 4__L 4 v v
= = ﬁ h _4_ — r
4 v v’ rs=Y524.~ 7 D2y,
P29. "2g.

f': Darcy's Friction Factor
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/ :
Friction Factor Calculations st A0 Il

a) Laminar Flow

u r
u du AP r gc.AP T j gc AP
= —_——_— du = ———d du = —— rdr
fT T godr L2 — * uLZr_)O 2u L
Tw

2
AP c AP
—> u= _&_rwz[1 B <L> ] = Umax = _g__rwz > - =1- (L)Z

4u L Ty 4u L Unmax T
Tw Tw 2
Q f d jZ urdr j[ gCAP'r 2(1 <r> ]2nrdr
= | uds= s = [-—— — | —
s 4u L % T
0 0
gc AP
— Q=-S5
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_9cAP 4
5—2 8u L "W _&A_P 5 E__gCAP
A T, 2 - 8ulL — - 32u L
AP D
T L 4
Vo pa (=41 DY)
Prg P29. 32T
—64uLDAP 16 16 16
> fe—t Il R o
—4LpAPD=g.v pvD pvD  Np,
7
16

—  For Laminar Flow [ =
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b)Turbulent Flow

—

1)Viscous Sublayer ;/JV“ sl

Universal Velocity Distribution: — 2)Buffer layer ._J/d.’ék/

N~

3)Turbulent core rj e
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—
T
u =v Z = |wTe Friction Velocity
K p
\
u : . :
ut =— Dimensionless Velocity
u
puy _y
+ — -2 o —a.
Yo = u U Ptwlc Dimensionless Distance
r+y=nn,=R
r
— dr+dy=0 — dr=-dy T

i
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1) viwLvwd aublayer

Tz_ﬁd_uzﬁd_u u=uu"
gedr  gcdy
uy™ u
= dy = dy™*
pu- — T
u udut  putdut dut
T — — p—
— Yc 'u* dy™* ge dy” Ydy*t
/ dut
JU)/J/LJ“J{ % T = TW — TW dy+
du® +

— ut =y
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2) Buffer Layer
ut=5.00lny* —3.05 g7 s

3) Turbulent Core

dr ~ gcdr  g.dy

(,u + Em> du E,du E,du
T=— x — =
Yc

%_Emdu du

% — = €,., —
ppdy Tdy

€Em ° Eddy Kinematic Viscosity
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A ARV AL \-m

Prandtle in his experiments found that :

du
1) em = f(y,@

Em _ .2 Tg du\’
2) —@ = > or e =kiyP— —> —C=k2y2(d—y>

3) Prandtle assumed that in turbulent core t = 1,,(Uunacceptable assumption)

2
Twc du Twyg du

T=T —_ = k? 2(—) — WIC _ by = = 4*

w P y dy P ydy u
du . u*dy i ,

% ky@:u % du=?7 % uzrlny+c %

u 1 . 1. (pu'y u . 1

— = — T =] X t = _Inv?t

e klny+C —_ Uu k“( p pu*>+c —_ U klny +C;
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Experimental values of k and C; are :

k = 0.407
Prandtle : - ut = 2.457lny* + 5.67
k=04
Von — Karman : - ut = 2.5lny*t +5.5




Viscous Sublayer : y* <5

Buffer Layer: 5<y* <30

Turbulent Core : y*t > 30
, 16
Laminar Flow : f =
NRe
y+
[ 1
Prandtle : — = 4.06 log(N e\/f — 0.6
\/7 ( R )

For Turbulent Flow : —
in Smooth Pipes:

= 4.0log(Nge+/f) — 0.4

Von — Karman :

~——

Sk



Q) @PetroBooks ,, panning Friction Factor)

| Transition
\—---Slreamllne fla -—---[ a—— Tlrbulent flow —r__l_-
0100 f—3
ﬂ_ PR T pr— — =1 = - E—
. i'"x - — =
g 5
Q ERENAY _
& G
5 N1 -
2 N
T A B B |Roughnaaa ratio £/0=0.05
" \ S 11
0.010 i |l
_ _ . N - - - — .
.. e - "
_ 5 1
. ———— ]
- 06 O
- - -
H-___-h I
0.004 i . : - i " F_— ‘
102 10% 10 108 10% 107

Reynolds number Ra= {%-'E}
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Moody diagram (Darcy’s Friction Factor)

Laminar flow Critcal zone Turbulent flow
o0e 1 ¥ K =
007 SEil p- 0.05000
.;_-'u... » 0.04”
Om o ';-,"'ﬂ- 0.03@
005 \ ?*\ e el 002000
o ':,\ —— {
0.04 N T ~ 0.01000
] h‘"“h
003 — - 0.00500
L Relative £.
\N.ﬂ. roughnes d
0.02 = el
) . 4 0.00100
Friction factor NS TR
h ST - 0.00050
TV ST
- e \\~ \
d 2g N 0.00010
SN
o0 Reynoid's number Re = - ‘w\
0.008 I T - 1 u( T -.."”'!&nl- 0.00001

1000 10,000 100000  1,000000 10000000 100,000,000

ERVAY
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Generally in pipes :

=1 (Wrerg) = (M)

e or k : Roughness |L] g

€ k -

5oy Relative Roughness § G

E%me DE L
D D

E%\:Hlnmn‘m E#\_F‘xmnm
- a=1+0.78f(15 — 22.5,/f)
(/:/)ULZ/): _

B =1+391f

~———

197
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Friction from changes in velocity or direction :

1. Sudden expansion
2. Sudden contraction
3. Fittings
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rocuon irom changes in velocity or direction:

1) Sudden Expansion Ju s
— 2
va
hre = K —
fe e
29c S, s,
(7%

Down — Stream Section Average Velocity

K, : Expansion Coefficiet (An Empirical factor)

Sq

Usually between 0.4 and 0.9 (Depending on 5
b

Ratio)
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pr=1 ) S

sudden expansion, Reynolds numher=3000
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—_ 2 — 2
a,v A,V
Pa 9, yZaba B0 T, 200 L p
P Yo 29c P Yo 29c
h _Pa_Pb aaﬁaz_“bﬁbz
fe = T
p 29c , ,
h _Pa_Pb Vg™ — Up
a,=a,=~10 —> fe =, T 24,

S
The Equation of Continuity — U = va< a)

(3]

The Equation of Momentum Balance

P, —Pb 7,°
p ch

RN hee =

m
PaSa_PbSb-I'FW_Eg:g_(ﬁbﬁb_ﬁaﬁa) ) ﬁa=ﬁaz1'0
c
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—> P,Sp — P,Sp = 7 ;CSb (Vp — Ug) —
p 9e c Sp 2gc| Sp \Sp
- o=l () - ()]
> wei(-3)
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2) Sudden Contraction Jut e
M
~ Area A
- . .-HK rea
e ~
> ¢ @
— — e o — 7,2
(@) = v ke =K g
—p.. ___Ed____d_d.-—f”' y - = . [2_'"} Cc
> _,f’f Area A,
B s
. __f-""f Ff#,-f
()

in which

29c 777777777%/

Schematic of flow through a duct with a sudden contraction

S
is the head of average velocity in up — stream, and K.=0.4 <1 — S_b>
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3) Fittings )
h K v’
ff /9 g, “
S K;
Glob valve(wide- open) 10.0
Angle valve(wide-open) 5.0
v~

s ! A s Gate valve(wide-open) 0.2

Gate valve(half-open) 5.6

ConCIuSlon. Return Bend 2.2

Tee 1.8

hf — hfs + hfe + hfc + hff

Elbow 45 0.4

Elbow 90 0.9
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. ., :
12717 S NI
Jor &l g . .
Ty = - o b Hydraulic Radius
JE/ by e s b7
D, = 4ry S Equivalent Diameter
4pVry
Nge =
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Examples:

+©

Like,Shell & Tube Heat Exchangers

T
4

T

L Y D, + D,

— D, =D, — D,

1
Do2 4Di2 _Z(Do + D;)(Dy — Dy) Do —D;

4
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_ ab 2ab
2@+ > De=g 5
p?-a® b-a
"M 4a+b) 4
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Apparent Density & Viscosity

_H
h=1 , .
Y = (‘u—)o'17 For Heating
Ng, > 2100 - "
Y = (i)o.n For Cooling
Hw
= (L)0'38 For Heating
Nge < 2100 - Hw
Y = (L)O'23 For Cooling
Hw

. -~ .- » ./
Koo gl by gb s Jb Ziks

: oot
,uw- Y22 b JL/ .«/1‘/“;
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/ f :
W7 bip S )
:Jﬂ(/:f/

hfs ) hf 3J/ QJ €, L: D: u,p :f()b/

€

D _ D /
Q > 7 — Nge > f — hyy = ky

%
( b
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A 8inch £.0e 10411000 ft J2s+ 2000 gpm gl hhyslien

(gpm: gallon per minute) 250000175 ez,
t3 .
Q =2000gpm 448gpm = 1% :J;/J’J”
2000 ft3 _ 4,46 ft
Q=" =446 — —> v= g =128
3 4 (12)
pvD ¥D ©D 128X75 .
NRe: " =‘u=7= 00001 = 8.55 X 10 and
2 .
e 0.00085 _
=g = 0.0013 = From Moody Diagram f = 0.006
12 2 ft.lb
1000 12.8 t.lof
—>  hre =4 %0.006 X X =91.8
Is 8 T 2x322 b
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: (})C;:Jf/

Q: J¢ P D, LENssorhy: o

h 4fL v
S p—
/ D29,
€ <1073 <7
. h D
ﬂ{t/”‘/f fs — p lu NRe D?f, Af/
b \> 1073




) @PetroBooks
¢ - J/ p;H;D;L; €, hfs or hf . fr/"’

hf — hfS + hfe + hfc + hff

2 2

=2

LV Lk
D2g. €29,

D
ZQC

7, 7,
+ K,
29

L ! ! ! p
(4fB+Ke + K, +Kf)2

(:J/U'JJ;[/UV 7;,«'5’;

C

u'f.’

h < 1073
h _ p, ‘Ll,D D , /
s v Nge —=—>f Af

(i f’/ \> 10—3

MM (M
» e

e f




) @PetroBooks

&

. . . .. - .,
L2 inch 7% 0.05 mmd s w2 L1y Tabes fo

kg m
p = 1000 ﬁ,u= lep,g = 105—2
2 ¥
(1) I 6m
k. = 0.4
A gly="6 kr = 0.8
KT
20m 15m
b_y
5m 1
k, = 0.8
15m (2)
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ﬂ/u’ b, a C%”C{t’/djf.dﬂj"’”: PJ’J:/

7/—261 /IIDD/ i +abi2+hf

7 —7 10(6+4+15—5
5 p =G 10 ) _ 500 L
g 1 kg
he = 4+20+15+15+08+04+3><08+6 i = 200
I 2 % 0.0254 | | | 2x1

=2

%
—> 200 = (4320f + 9.6) >

= (2160f + 4.8)2
X 1
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, m
K:/'U,JM0.00S Lf — U= 3.58 ?

e 0.05x 107 1em

—> Np, = 181893 and D= TxoEiem - 0.001

— From Moody digram f = 0.005
:L.“/l/'/g‘,;d)cﬂ/tl.&/lgd};;ﬁﬂuyé’i

T 2 B T m3
Q=7D"xv — Q=Z(2><O.0254)2><3.58=7.25><10‘3 —
S

3

m
—_ = 26.1 —
Q 6 hr
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W;J/Ju/’maiuujr:/[j/ﬂ’/uru’;dz,«ﬁtgj“” hfS Az"u’uf//))l

/ , . ~
._"/1/,1‘;)6(1 M OOdYrVU&%mﬁZ’ArUM o)b/lwb/cﬂ .)le

L v? chths
"rs =4 D2ge — f= "4
f

1 CDhS
— \/_—;(g d

Nee/f

chhfs)% pD chhfs %
2L U 2L

D
% NRe\/_ — ﬁx

<[
Y\
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.fbéf‘u/bfgf/'u 22,1000 ft J#:12 inch }gdu),, 60 F .7

_5 ft? ftiby
g = 1.25 X 10 : ;_,uc/,/,v, %:20 /,
Is b,y “ L
pD gc.Dhgs 1 D gcDhyg 1 1 f o
N = 2 = — 2 ¢ u}/
redf = -G 2= G5 )
12 12
= 322X +=% 20 1
—>  NpJf = —12 12 =447 x 10* and
e/ 125 %1050 2x1000 n
e 0.004 4.47 x 10*
— = 0.004 =—> f=0.007 =—> Ng, = = 5.31 x 10°
D~ 12 f " 0.007
12
_ U XN, 1.25x107°x5.31x10° _eealt
— v=—p = 12 = 003 7
12 ftg

3.14
— Q=9x7D? — 0=663x>- () =521
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(/C/J/
D J/ ,0; ‘Ll, €, Q; L; hf or hfS frlb,
QZ

—2 ~ _ 2 2

hfS _ 4f£ % =4-f£ G2 _4f= QZ B 32fLQ
ngc ngc D (%Dz) X ch gCTL'ZDS

€ -3

h D _ < 10 —
f/tf*"/f fS7DQ7_p“u, NeDﬁf Af/

ok N> 1073
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D :‘Jl’{ ,0; ‘Ll, €, Q; L; hf or hfs :fr/b/

_ _32fLQ% Q% QP
hf —hf5+hfc+”‘— gCT[ZDS +K8F+KCF+

32fLQ* AQ? af b
— e _ 5 _
f_gcn2D5+D4 _)hf_D5+D4 —>D>+cD+d=0
QZ
L v° L ¢z L Q? 32fLQ*>
s =4 5ag =Y D3, =Y b " g.m2D5
Yc Yc (ZDZ) X 29, gcnt
€ _ 1
— <1073 <~
h ) )D
f/w‘/f _LDQ7 s Nge D/ f Af/
l o N> 1073
S
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: o t.lb . . .
FA ik S S 75 flb—f e 10000 ft o7 4000 gpm NI,

m
2
2 0,004 ft sl v = 0.0001 ’%
4000 ft? S o
448 77 s
 32fLQ?  32fLQ?  32f X 10000 X 8.932

= —> DS = = = 1068f (1
s ™ g.m2D5 gem?hes 322X 3.14%2 X 75 r

D . _
pvD 7 PPD)  4po  am 4Q
Re — — - T~ = N

% %(IJ) nDu nDu  mDv

4 % 8.93 113800
E Nre = 3.14 x D x 0.0001 D

(2)

€
oo f=0005 L p=1398Ft @, N _g14%x10% and ~ = 0.0029
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—>  From Moody Diagram f = 0.008

_ (1) €
wuw [=0008 == D=1535ft B, N _741x10* and — = 0.0026

—_ From Moody Diagram f = 0.007

o ,%'/» - u..u;uw’i’ D=15ft
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& & ! / * /
.k/’;fwdmuu;/ﬂgu)d} :JW!./LJ)G/J?
™M s ¢ /
G IE)

Equivalent Length Le
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Chapter 8

M{)’U’/o//M b:,uuwc//ﬁ».(,{um’;&‘;Wc/,,,bwu,@»

oy o /|
a) Compressible Fluids sl 7 I J 4s
1)compressors
P P, Y
Wy = Y a4 [( b)V—l — 1] Adiabatic Compressors
Y — 1 Pa Pa
Py . .
— Compression Ratio
a
RT, . P,
Wy = ——In—  Isotherm Compressors

M P,
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Compressors

COMPRESSOR STAGE —
MAACHINED BILLET, BALAMEED | HEV GENERATION
" ) HIGH-EFFICIENCY
BELT — HEAWY DUTY — DESIGH
K-SERIES MICRD-V \

DRIVE PULLEY —
FREEH-AURE™ FINNED

[

AUTOMATIC BELT
TENSIONER — 'WITH
PRECISION IDLER

COVER — HIGH-IMPACT
CROGE-LINKED PE, HOIZE
ATTEMUATING DESHN

224
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2) Fan

225
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)

3) Blower
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4) Ventilator e
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b) Incompressible Fluids

Pumps

228
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Pumps
_ .
1. Suction S
I’z — ;
" 2. Discharge s

_—

Positive Displacement
pumps —

| Centrifugal

Reciprocal Single Action
Double Action

Positive Displacement —

Rotary

~—
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Pumps Power Calculation

X b
a b
N TR X - \Jx-
T yaN
pump
Za Pa 9, , %V, pb+abﬁb2+gz i
, — nw, =
Q‘ p gt 29 PTp 290 9. "
EE av’
B+gZ+ = H Total Head
P Y 29,
H, — H AH
e LY S el L
AH mAH
—> Power = FPS) or ———(SI horse power
5507’]( ) 7467]( ) p 230
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Cavitation o 1 o s
¢ Sy a e N, & / /
WS M N IS0 i JF S s o s e 0 )i
. _ s A we e
%dfa/“/fu’/),/u») !)/')%oy}(ﬂf&ﬁb/)oﬂ//({dfgv,ddw A

.)/d }%dla,u‘j‘i/')//‘féildf/u .,:,o'}"
» ..... » . * 0 0 {

Cavitation) iy miests-

Low Presure/High Vacuum

— 2
a,v _ - 2 Dlischarge Pressure
pa aa pv p a pv aa va _

+ > or Cut-Water
P ch p p + ch >0 \ * Impeller

B
— 2
— %
—_ Pa pv_l_“;a = H,,, or NPSH > 0 ?
P Yc \

NPSH : Net Positive Suction Head

Vapor Bubhles Vo Hl#h‘rarnum
Suctinon f‘nntﬂtmn

Py : Vapor Pressure of Fluid at its' Temperature
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X
b
a 2 b
U EpSpupE X-----\ )3 X- -
T pump
Z AR . o,
a b, NPSH /w»;f./v./’(é,u/
a l L7 . .S
X 2 (NPSHyoq) G oial oo prs1

.,/ﬁ//‘g';/pipﬁz/,/w,,icbb,«;.,/"f SIS
5—10 ft: Small centrifugal pumps

NPSH,.q(Required NPSH)
50 ft : Large centrifugal pumps

— 2 —= 2
CZU z a,v
Pa 7; == +gZa+hf—> Pa _Pa Zala +gza+hf
T hge ggc ge p P 29c  Je
pa—pv Pa — Dv aaﬁa g Pg — D g
N = + +—Zg+h > 27 - NPSH Zg+h
p p 29, 2 4 P T la Ty
pd_pv_g

— NPSH =

7 —h (—) :gc pd_pv_ .
P g, 2a =y Geg) o NPSH g( ; he | — 2, (M)

229



) @PetroBooks
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Venturi — meter

— 2 = 2
a,v a,v
lay 9 420a B0 9, [0 +/Zf

P I 29c P Y 29c
a
— Pa —Pb _ AT’ = AaVa’ pruid — /b/
p 29c
R

Sb Db 2 § jf <— Manometer
—_ = = _ 2 —_
Va = Vp (5—)—% (D_> = [y

a a

1 29.(pa — Pp)
\/ab o aa184 N p
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Cy ch(pa _ pb)
1— %y p

if ag=a,~10 =—> U=

c, : venturicoefficient 098 —0.99  (Experimentally Measured)

D:2—8inch ¢, =0.98
D > 8inch ¢, = 0.99

Cva

= \/1__34\/ 2p9cPa = Pp) Ll

»
9

. CpSpY .
= — * Qe
m \/1——,84 \/Zpgc (pa pb) /“,: /VU,(,/
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2) Orifice

= D4f Ferenhal pressure
e ‘ | ‘ ‘ |
Datum b+ I I |
N e e

A T T A A A S A
x u e
3 o

Courtesy of
Superior Products, Inc.
www. orificeplates.com

—— Differential pressure
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Urifice

Fluid

U, =

Co 29.(04—125) | 1 Y
J1-p* p .

Cop = Co(NRe,O;,B)

if Nge,>20000 c,~ 0.61

— 0.61 zgc(pa - pb)
— T W] p
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o COSO . Ld
p— — i
m \/1_—184\/2pgc(Pa Py) /::L///JE/

CoSoY

m = 2 P, — i
\/1—,84\/ pgc( ) /m’ /JE/

]
N =

Y = @%- v -s 4)[ _1]
( ><V-1>( ’5”)[1-/3‘*( ]

U’,; M/:! .//
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3)Pitot — Tube

Total pressure

Small holes-\

Stagnation
point at
entrance

To pressure
readout
instrument

(a) Pitot tube.

- —
—%
e )
e ” 28 P i)
— Z =
g P

[ — -
Static =

pressure T
'

To pressure
readout
instrurment

(b) Static tube.

pressure oo

pressure

Outer tube communicates
static pressure to readout
instrument

Middle tube communicates
total pressure to readout
instrument

(c) Pitot-static tube.
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3) Pitot — Tube

29.(ps — Po)
\ p

ps : Stagnation pressure

Do : Static pressure

Jo

»

/ ;
Static Tube M

[/ [/

N\

Impact Tube
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4) Rotameter (Area — meter)

As the flow increases the area
around the float must increase

hm [
= \
&
": 4 :' ‘;‘w‘

—
—

1]

Flow

)
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Dimensional Analysis ST

» M) /‘ » . By . . * wh o, .
QLB g 254 o Wl P bl s 7 5402

PR ) .
ol s )y

»

(S TE N a1

ug//bﬂu/wy'.m// FT =

.,&1/')/% uwﬁ/}.}rf i1 f/:’ '/U!(j"’i uwT;/,« - &
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sl L3 o W I
p “ .

b lsl JJ:V Pt ,/éj!Ju;,U’éa;) L
a4 . N S I /

DA Pt S E IS PG /ﬂ@d'/’)ﬂcju(ﬂu)

w e® ; 7 . " " o ®
S SN ir S 7w s ) 1 P s £l AT

A ¥ ; & -~ " /
"‘:""it‘/fltf"/ Thoybss/
‘o “ 243
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Buckingham Theory of m Therms

Voa e~ - . bla . T s /7 /
J’wm;,_//fuuf;/w,éjww;f e (n-m)ﬂ.ﬁwx(d‘/ LI W SN 1620 )

. / » .
Ll b LA I J‘/ T17a8 Ue/—r?

s ! » “ o & " . & / /
/&/’) ,«:'i e EFa UJ.L —s” g Aaas .«/:é)z_"//uu J),u’) 373 ,/,s'/ﬁ Jt &“}An...,Az,Al /I
/ -~ / o ~
Az,--- J" U:J/”//‘J Ub//ﬂ u},b U/t 0}/7-[1,7-[2, nns 'ﬂn_m/ﬁ‘{h://'F(Al,Az, ---An)zo cj'/’

B o 7 s . v,
._"/‘u’i’»f}/‘f(ﬂl T, ... ,T[n_m) =0 s P DA 75 4 I s ibes z,&LAl,
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e g Sl gt rem S
3095 N Lo (S (U U sl (S A T S\ 1w s $h030 7 o8

. * / ) . R R /,0, P & / / . / / e
u’J/’,wuuu//"../:/cjuﬂbu’(w)/',« _"J/L/o,vb.ab‘m/’/)ﬂ SV IVHOL

& / S et / & . &
b s (03] o g1 9 ik o7 (1 S OM LT o A1 JUr P sy

U.U.'QJVA]_,Az,A:g
ﬂ'l — A1I1AEFIA331A4
ﬂ'g — AJ_IEAE}FEASEEAE

Ty = Alxn—mﬂg }"n—mﬂa En—mﬂn
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, ﬁ’d AP B %'{M,L,TJ@Q@BM&}V'/&/& sors” d“/(f/fy"/,)bA;bif%“ ‘s

U’{”)Zd% fu';&ﬂ)wdi /.'Lf,., S J:GJ?TU’ _"/,fdf{.u.bw/,wuﬁ,fu/ﬁu’ '/:%‘./)
”:U' ‘f; &

J/‘;/.,Lﬁ ./ég; el Uo’){ﬂ ."/“L/y';’ ,./» s I ahTS 5 B (157 /!/

FA . / . FA w " /: »
e Isul7 »”)J}{ 199 ol 0 u0s ) 2§ aiy U’“L WYt S P
‘ ' * ¢ » * * »
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./ o“'.o ¢ - * / &f‘ .—/oo /
- 4.7/‘5‘1.)1.)/,9'7" ))u’_"/.‘/,wu),ogfo;//ﬂ ,&L’/»JO"J’)A“ »g’b»/!D
BYIN OIS A S V) NIVt

7 /. .. ( / 2
.&/!.”//ukywuuo’bﬁdﬁhwd u’»”f.",//!d‘/u
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/ . ‘/ w . / * . & * " /. .
Js1 sl % o e sei ks I P o e o P g7 bl

e . - // R
.A/)l&éb&({dﬁ///ﬁyﬁ,’/f/"/ul

Quantity Symbol dimension
Discharge Q N i
AP
Pressure Drop ar MI-2T -2
length L
Diameter D L
Viscosity 7 ML Tt
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n=4,m=3 —S5 n-m=1 PJJ’/
AP Y1
my = Q™ (T) D%y

m, = (BT H* (ML 2T-2)1 [ ML 1Tt = MOLOTO
(ForL):3x;—2y;+2z,—1=0 , (ForM):y;,+1=0 &

(ForT):—x; —2y;,—1=0 =—» y;,=-1 ,x;,=1, z;=—4

APC_ - Qu AP
L

Qu Q AP pa
Or f(AP )zo—)ﬂ1=APfu=C1—) Q=C1<L )

TD4 TD4 U
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L////lo,u)d(/u"d)upju/lo,vu‘/zw/b’///ﬁ‘ﬂE/J/)JL/JU//,VLUCPU ul/,}'/,(fV//J J’/

AU BN Il o150 0 o Aisilr 2 f3 ot 2V O J” ?Dgz}//&%‘jucéf/ﬁH

.VJJ)/

Quantity Q H g V, ¢

Dimension | 371 L LT 2 LT 1

n=5, m=2 5 n—m=3 :w‘/‘"/w{%‘?: g H _éu

M = H¥g¥Q — my =L (LT 2" 3T~ = [OT°
my =H®297Vo — m, = [%2(LT~2)Y2LT~! = 1°T°

3 =@
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ForlL): x;+y;+3=0
( ) 1 V1 % X, = —— and Yy = —=
(ForT): -2y;—1=0 2
- (ForL): xo+y,+1=0 N 1 ;
X, =—= an = ——
(ForT):—-2y,—1=0 . 2 &
_5 1 Q 11 Vo
nlengQZ = ,ﬂzszgZV():_&T[g:(P
JgH? Vo
Q Vo Q |4
_)f< 5 '(p>:O Or =f< 0
57 ] 5 —J1 P
JgHz VI JIH? VgH
5 V
— Q =+/gH2f; <\/07H,cp> and also
g V
— Q=VHfy| =9
JgH

< e :
b o Vg H e



