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SAE 10W oil at 20°C flws at 1.1 m “/h through a horizontal pipe with d = 2 cm and L =
12 m. Find (a) the average velocity, () the Reynolds number, (¢) the pressure drop. and
(d) the power required.

Solution

* Assumptions: Laminar, steady, Hagen-Poiseuille pipe flow.
R = 0.01 m.

From Table A3 p =870 kgf’m?‘ and g =0.104 kg/(m-s).

Q _ (1.1/3600) mYs _ 0973 Ans. (a)

V. = . .
e aRe (0.0l m)° s
Vool 870 ke/m™)(0.973 m/s)(0.02
Re, = Plave? _ ( g/ ) m/s)( m) = 163 Ans. (b)
L 0.104 kKg/(m-s)
[.1 m R*Ap 0.0 m)*Ap
Q0 =— L m JAl solve for Ap = 97,100 Pa  Ans. (c¢)
3600 s S L 8(0. 104 kg/(m-s))(12m)

=297W  Ans. (d)

101 q 2
Power = QAp = 000 m/s )(97,100 N/m~) = 29.7

5

Jle >



J6I™ 518 Ob >

Semnan University

Aol 13w C8l duulxo

: S o hgy Sl s 3l ddasl, P

:W‘I&i:w‘})‘}‘a)‘ﬁégiﬁﬂjgb@b >

WR4A;J
S L

R Ap

Tywall = —

2 L

:wumﬁ\?.\Aa1w,,>ﬁ>~1@\j,wu§i\?g >

_ 32uLV _ 128uLQ

fr - 3
T ped

mpgd*

x"rf.f = T

L
d

2o

-

where f = fcn(Reg. _;’ duct shape)
{

e 3l ST daly, P



J6l™ 518 Ob =

Semnan University

(s el 5 (3= S ) PTGk 2 55 sl alaly 55 amlia b 2

2

=

he=f

where

'

.Tllum —

64
Re

d

(el o3lizal B (6551 ISl alslae 5 da bl alayf, >

J.” n o v 2 n "\ o : f} n 44
] or 7 or . - o J or [
."- o] =5 il -‘r S =5

Ty

V- + “") T "r’lnn'hmc o hjwumj‘r + j"[‘]']pnlm
A out

L"!-

where f = fen(Rey, —)

{



Semnan University ||

J6l™ 518 Ob =

dod 518 wadl b >

ﬂ-h:j

p=p+p’

u=m+u' i
-V ———p

vel DC][}J pressure.

u=u+u v=v+v w=w+w p=p+p



Semnan University ||

JOE J=1o Ol > |
LasT b > il y238 Y Slro

(s aal g SVlae 1 (6,8 Lo gta g (sl o) pslie (1SS L

ou n v N ow
dx dy 0z

=0

du HF‘ N N 0 ou —
) —= —+po. + —| u— — pu'”
P ax | o T o) #H.x' f

d ou — d ou —
T\ —puv ||\ — puw
ay dy dz Jz

—pu'V = Ty = By
dy



Semnan University ||

JBI™ 518 oL |
(4T g p1yT) 3 &9 398

) y
A
y = 0O(x)
' / U(x) —>
: Outer
| 2t v) turbulent
X,V
- layer
| /
| Y
\ T A
N Xmlh Overlap layer
"‘_\""" > y
\ — .
Tlam - =~ Viscous wall layer
Tylx)

shear velocity.



JU™ 518 Ob =

0.316 Re; "™ 4000 < Re, < 10°

1= (LS loo R_e"") )
6.9

l )
FoiS 2.0 log (Re, %) — 0.8

Ap LV ( w \"L VA
hy=—=f——=0.316 —
Pg d2g pVd) d2g

ﬂfj = ().158 LpBM.LLIMd_SMVTM

Qp ~ 0241LpSMHIMd—iL?SQI.?S

Semnan University

(ol ) yo addT 0L > gl »

H. Blasius

Ref. 9

Ll lo A gl P

:4.53'3“:‘"“"}3 >



Semnan University ||

J6I™ 513 Ok >

aw S 9y WU

Parabolic
curve

—— Wmax

laminar flow

— V —
I
— Umay —f»

turbulent flow



Semnan University ||

JOE J=1o Ol > |
aw S 9y WU

0.10

0.08

0.06 —

0.04 — 0.00833

0.00397
-
“ o w

\ Rey
0.02 — \ 0.00099
™
Eq. (6.38
Eq. (6.39&3':}\?\(\ )
\
0.01 | | |
103 104 107 106

Re



|

h

LV
d 2g

|

Friction factor f

0.10
0.09

0.08
0.07

0.06

0.05

0.04

0.03

0.025

0.02

0.015

0.01
0.009

0.008

— 3 .
S a 9 0 ' b o Semnan University
*0
A
—rLaminar-Critical —+
flow zone(t Iransition
\ = Zone TR Complete turbulence, rough pipes
SuiN 5 0.05
T —l S '
\ ~=1_ \ 0.04
) s —— 0.03
\\ “'\\ | L] \\ RV

'.d \.‘ . . -

2 NS — = 0.02
FH = SN — = 5 -
N AT N e B W A 0.015
L= G—':-’ \\\\‘ \‘\.. h""""--.._ _-hh""‘"- [

AW NSRS = N 0.01
2\ A N T~ Tt s .
\ RN R S 0.008
N N S —
Reg SN A <1 0.006
L \\_‘:\.‘\ - B N
' NS = 0.004
L] \\\ - ™= - ‘\\
\ B “‘:."“'-..._ -‘-_-h—'"""--..._ ‘\ "
\ S ., T 0.002
\ N T, Tl h
1‘ \:t \"‘::""-:‘:ﬁ""" = ~
: N —] =T = 0.001
WS S TR 0.0008
\Q\_‘:H: - i — 0.0006
At = S ™ _
S, SRR T S 0.0004
¢ 00%\ "“‘*--.._M I ] 1] ~k
iR —. = 0.0002
D N T [l ~
’ SN S 0.0001
\'-\\\ Hh""‘"“--...___h -, - L .
~ e p
o~ . 0.000.05
i e e
ﬁ"“'-.._.__ [l
TR
=] _-h_"""--—..______
S === (0.000.01

107 2010% 3 4 36 8104 210%) 3 4 36 3107 201053 4 36 8106 20105 3 4 36 g7 201073 4 56 B8

Vd £ £

= =10.000,001

= 0.000,005
v d

Reynolds number Re =

|

£
d

b=

Relative roughness



J6l™ 518 Ob =

|| Semnan University ||

:cb S8l g algin ol >

Table 6.1 Recommended Roughness Values for Commercial Ducts

Material Condition it mimn
Steel Sheet metal, new 0.00016 0.05
Stainless, new 0.000007 0.002
Commercial, new 0.00015 0.046
Riveted 0.01 3.0
Rusted 0.007 2.0
Iron Cast, new 0.00085 0.26
Wrought, new 0.00015 0.046
Galvanized. new 0.0005 0.15
Asphalted cast 0.0004 012
Brass Drawn, new 0.000007 0.002
Plastic Drawn tubing 0.000003 0.0015
Glass — Smooth Smooth
Concrete Smoothed 0.00013 0.04
Rough 0.007 2.0
Rubber Smoothed 0.000033 0.01
Wood Stave 0.0016 0.5
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Oil, with p = 900 kg/m" and » = 0.00001 m~/s, flows at 0.2 m*/s through 500 m of 200-mm- d\;'.o >
diameter cast iron pipe. Determine (a) the head loss and (b) the pressure drop if the pipe
slopes down at 107 in the 8w direction.

Solution

First compute the velocity from the known flow rate:

) 2m'ls
V= (‘,, = 0.2m h,_. = 6.4 m/s
k- @01 m)y

Then the Reynolds number is

T - . ¥
E _ (6.4 mfs}{ﬂ.: m) — 128.000
v 0L00001 m~/s

Re,; =

From Table 6.1, € = (.26 mm for cast iron pipe. Then

0.26
£ = =% = 0.0013
) 200 mm

. Y T i : e/d = 0L.O0O13 Eead £ = 0.0225
Enter the Moody chart on the right at Re = 128.000 cad f 225

LV S m (6.4 m/ 5}2
he= f—— = (0.0225) 5
2g .2 m 2(9.81 m/s7)

=117 m

From Eq. (6.9) for the inclined pipe,

Ap Ap .
he=—4+z—2=—+ Lsinl0
Y Pg

or Ap = pgl[he — (500 m) sin 10°] = pg(117 m — 87 m)
= (900 kg/m*)(9.81 m/s”)(30 m) = 265,000 kg/(m - s*) = 265,000 Pa  Ans. (b)
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Oil, with p = 950 kg/ln?S and v = 2 E-5 m%/s, flows through a 30-cm-diameter pipe 100 m
long with a head loss of 8 m. The roughness ratio is €/d = 0.0002. Find the average veloc-
ity and flow rate.

Iterative Solution

By definition, the friction factor is known except for V:

20 0.3 2(9.81 m/s? P .
= = (8 m)( m){ ( ﬂm h ] or fV2 = 0471 (SI units)
/ 100 m Ve

To get started, we only need to guess f. compute V = VO0.471/f, then get Re, compute a
better f from the Moody chart, and repeat. The process converges fairly rapidly. A good first
guess is the “fully rough™ value for €/d = 0.0002, or /= 0.014 from Fig. 6.13. The itera-
tion would be as follows:

Guess [ = 0.014, then V = V0.471/0.014 = 5.80 m/s and Re, = Vd/v = 87.000. At
Re,; = 87,000 and e/d = 0.0002, compute fhew = 0.0195 [Eq. (6.48)].

New f= 0.0195, V= V0.471/0.0195 = 491 m/s and Re,; = Vd/v = 73,700. At Re,
= 73,700 and €/d = 0.0002, compute f,., = 0.0201 [Eq. (6.48)].

Better /= 0.0201, V = V0.471/0.0201 = 4.84 m/s and Re,; = 72,600. At Re, =
72,600 and €/d = 0.0002, compute [ = 0.0201 [Eq. (6.48)].

We have converged to three significant figures. Thus our iterative solution is

V=484 m/s

0= VG)& = (4&4)(:13)((3.3)2 ~ 0342 m’/s Ans.

Jee >
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Work Example 6.9 backward, assuming that O = 0.342 m/s and € = 0.06 mm are known
but that ¢ (30 ¢cm) is unknown. Recall L = 100 m, p = 950 kg/m”, » = 2 E-5 m%/s. and
hy =8 m.

First write the diameter in terms of the friction factor:

w’ (9.81 111!&3)(8 m)d5
& (100 m)(0.342 m'/s)y’

f= = 8.28d° or  d =~ 06557 (1)

in ST units. Also write the Reynolds number and roughness ratio in terms of the diameter:

4(0.342 m¥s)  21.800
Re{f = gl = (2)
(2 E-5 m7/s)d d

€ O6ES5m N

d d ©)
Guess f, compute ¢ tfrom (1), then compute Re, from (2) and €/d from (3), and compute a
better f from the Moody chart or Eq. (6.48). Repeat until (fairly rapid) convergence. Having
no initial estimate for f, the writer guesses f = 0.03 (about in the middle of the turbulent
portion of the Moody chart). The following calculations result:

f=0.03 d = 0.655(0.03)"° = 0325 m

21.800 _
Re, =~ ~ 67.000 S~ 185E4
0.325 d
Eq. (6.48): frow = 0.0203 then d.., =~ 0301 m
- €
Re{ﬂﬁt\»‘ = 72.500 _f = 20 E-4
{

Eq. (6.48): Jhener = 0.0201 and d = 0300 m Ans.

Jee >
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Table 6.4 Laminar Friction Constants fRe
Triangular Ducts for Rectangular and

Rectangular Isosceles triangle

s,

bla fRep,  6.deg  fRe,  Derr = [64/(fRe)|D),

0.0 96.00 0 48.0
0.05 89.91 10 51.6
0.1 84.68 20 52.9
0.125 82.34 30 53.3
0.167 78.81 40 529
0.25 72.93 50 52.0
0.4 65.47 60 S1.1
0.5 62.19 70 49.5
0.75 57.89 80 48.3
1.0 56.91 90 48.0
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Table 6.5 Resistance Coefficients K = hmf[szQg)] for Open Valves. Elbows. and Tees

Nominal diameter, in

Screwed Flanged
3 1 2 4 1 2 4 8 20

Valves (fully open):

Globe 14 8.2 6.9 5.7 13 8.5 6.0 5.8 5.5

Gate 0.30 0.24 0.16 0.11 0.80  0.35 0.16  0.07 0.03

Swing check 5.1 2.9 2.1 2.0 2.0 2.0 2.0 2.0 2.0

Angle 9.0 4.7 2.0 1.0 4.5 2.4 2.0 2.0 2.0
Elbows:

45" regular 0.39 0.32 0.30 0.29

45 long radius 0.21 0.20 0.19  0.16 0.14

90" regular 2.0 1.5 0.95 064 050  0.39 0.30 026 0.21

90" long radius 1.0 0.72 0.41 023 040 030 0.19  0.15 0.10

180" regular 2.0 1.5 0.95 0.64 041 0.35 0.30  0.25 0.20

180" long radius 0.40  0.30 0.21 0.15 0.10
Tees:

Line flow 0.90 0.90 0.90 090 024  0.19 0.14  0.10 0.07

Branch flow 2.4 1.8 1.4 1.1 1.0 0.80 0.64  0.58 0.41
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