A Tutorial on Pipe Flow Equations
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3. The Friction Factor
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4. The “Practical” Equations

#
M
p
"2<
5
4 M' F 3
$
/ "1 %
F
/
# $ 5 $
% &
= b5/
7
= $% $ > &
3
$
$
N
0
5
7
5
0 < 1

< 10 O 1

6

~

C+

11.IF 6

%

49/

&

+9

+9

8+= (29
8+= (29

8 E 9

2("!

$ / 4+8 +4/

$ /| 4+8 +4/

C
4+8
/7/ + 4/ /4&;

+9

+9

8(-9

8(19

8("9

1($

8)29

8)!9

8)(9



/+6+ @@BIR@ >@+

$ 211-5 2($ . e
B + e e 8)"9
$
"I($ C c
+9
g A L 89 8+29
B .44+, )/ 3 A PR
' -6
C / 5#
"2L
'7[ 8)*9 L N
+ =/ '8
6 < +3,
&$
2215 2( 6 $
C
74 A
¥ B +e8 1" - 8 9 849
, 7/ $ A
) | 74 LA
$ 4 : 77 s A
3 C
+== +94 . C
= v -8 9 8)9
0 ) : $ A ) 8+)9
+8 7?2 °
+'== . +94 .
B +.989 L | &= —_— 8);9 "
) $ A
3
C c 5
5
8)-9
8+:|? +'49
; 6
/ 5# ()
5 # M
2L 5 3 7 s
< 6 12% I".$ 5 g
0
2L = $% $ Y s )
I"-.$
< . y
& 5
$ A <5
C
+ +9 F
g 2 oy 8 9 8)19
B '4 ) / s » o -



4

$B 5#

B 5#

%

*

~n

8/ $% $

(22$222
$

c

.22

1222
")
1**
1%(

5#

M9$

)(.2

Nye O )(:2

%

%

6
>
6
/ 5# %
4
/ 5#
4
)
(
$
$
$
!
4 $
$
$



I+6+ :@3BIB@ >@+

) 3 ( :$ @ 'C , "
30%: $ 1"+
% $ D 0 & 3 ?2C ! 1 "3
# # - $ /I $= $ 4%
81"1-9
122L I* $ $/ C : "6
7 8
I $ 'C 123 1 3 &
) 9 # ) ") &
REFERENCES g+ D ’ /
1 3 C ! $' "2
"H $ %& $ $
( )  #* D L % $ >C 2 , .1
3 3 81"1.9 / $:  $IM1*
( 3 C (& + # $,- " - % $ #D: $? %C ,-"# $ (& &
, & & ./0, O + D / 3 + ( o
I $ B 89 & D7 % B $A
81".:9

) / $6 =C 1 23 24 ; )
+ D3 / % $I"" 1 % $H @D# $ AC, &
= A/ $6 G $6 G 89
* $/'D# $/ :C 4

D % " % $ >D? $3>C 23 24
@ $% 3%$H UI$ );-5)1!8!")-9 -+ D 3%/ $
= B $: I"
$? /D>$B #D P D
% |/ "1 2 7%$3 $ 6A5) / C L, -
+ $6 "$ (& ) #
$>D $=PBD> $ D $ 3 3 8!1";.9
D'Q &R& 'D $6C6 5
D0 (¢ # $"' :C & $ 5=
? % r$(222 I $8""9
- $%D" 5 D% / (# $ C + ,-24 <
"1l I 5 3%$:5?2 I'-
1 $ 3D' $:C 1 ! 0 # $B?2C 123 , ) &5
, , 24 DO ? $3 1% / $B  I"--
1.
* S $B $% $6BC 23 1 3
= $% D% $:3D> &$:3C & | " 9, , 24
P 3 D ? 0 $ 3/ 2 $: I"|(
B I 2 I

2 ?$3 >C1 23 24 "
, D 3%/ $? = B $:

2?2 $ #D A $ # AC , ,
24 I 1 , "-) 5 /
$6 -$I"--



#$ % & ' (

ACKNOWLEDGEMENTS ) * )

6 0 & o " & & ADI1%$1< "

- - & &= (& & 3 & +
- - " " &

"> # %*+ $

+ $ C 0<
7&01 & 201 $ 1 #? C  A@

T

N 6 0
+ & + : 6 01 @@ & & T
$

1 @A

' 6' 07 7 $ 0 )

& 1! 0! 1 060

FIGURES

s} 1.0 2.0 3.0 4.0 5.0 6.0 70
12 i : ; T T
] | ]
N | | .
11 -
_|
5 | |
;

TR

=

/

Tj
iy‘
0
\
\\

X

P
o8 2.8
. “ ! I P _— //
. S I
E;: o7 !7| |\ | y : // I 7 2.6
L4 N _/
N \ 2o, : , s>
% os \ \ \ // /{ 2.4
= 1 H N) + -
S AN L ] Fa =
&
2 A - 1 A A
S 0.5 f~—- ~ / — T 22
& Iy ~Ts y P e e 2
> S i il
a4 D [ 5
s 2.0 2
\ = g rt AP £
0.3 - - ./i [ / L [ 1.8 3
] [ P —
0.2 : i 1.6
L= 1| L]
L= — 800 —
ol Z | I e Al S
= - - j;?ﬂj—ﬁ 1.4
’/ ~ L~ _/: L—T" T aco e sy
- — I ——— I —
o / g //////__d_“,)(—‘ wpeo |y 12
e St e B e O L st ’
L[] { || B
B 10 iz 14 16 ig 76 22 24 B Z8
. Reduced pressure, Pr
Yo, d-db (3 i i i i 1 EH Bleljewn. prd high-pressuce roage,  {Sased or dote compricd bw A, L. Lydereen, B, A, Gremkorn, and 0, 4
Haouxgen, 4 o, i tiex of Pwurs Flaide, Unie, Wesernsin, Erg, Bxpi, Ste, Reot. 2, 1995, By permisaion.)



I+6+ :@(33@ >@+

VALUES OF ] FOR WATER AT 80" F (VELOCITY IH FT/SEC. X DAMETER 4 MCHES
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Moody Diagram - Colebrook-White
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Moody Diagram - Spitzglass

Darcy-Weishach Friction Factor - f
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Moody Diagram - Panhandle "A”
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Moody Diagram - Panhandle "B”
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