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~)tJft~fjlt~Dit 

)MG)MiJJt§IDJM~~I~~i~CPii~*f!9~~. m1fl~aM~(Prandtl )e9i§~m~~ . = 
~f*lfOJl.-~,H~~fiXRe$ e'9~~ (1) 0~~90 . Colebrod<andWl1item:±lf!9ffJ~f*'Ii-~1Jlj 
it (2) ~ 

f=1/{-2xlog[ 2.51 +(C/O)]}2 (1) 
Re$ 3.7 

11::~Ilj*j[Jil'F~H~hi-1b~I~8iti-=Ffifr~mil1tt -1Jljit~i"FfiI~ . m~~Iij~fiI~m 0 
EEM1Jljit(1)~ f ~~1?1Iti . it!H~~~~ti Re hi-tlf!tts/D . ~~~IJmlif@M$:::t1ig*M 

=~~~ f 0Hm~~:a:*M1J~it( 1)~ , OJ t{5t~~-1~~ti Kf =1/$ , ~~1J~it( 1) 
&~fiX 

F(K 
f
)= 2.51 Kf _10-~Kf + (c/O) =0 (2) 

Re 3.7 

1Jlj:a:(2)~'@;-~ Kf~~~~111Jljit 0it!H~~~~ti Re hi-ll!mY:s/D . *M1Jljit(2)ffi¥ . 
OJt{~ljm~~~~;~f~~JKf,j+1 = Kf,j -F(Kf,j)/F'(Kf,j) 'JtepKf,j~~ j I~M~f@(~Ji!.~ 

~!JQ(3)) ; ~f~¥UJ&~j6*~ . *mJft~fj!if =1/Kt 0 
, 

ffij~7m~~~~~:a:(~~90 Microsoft Excel):1JifEJi!. . Swarree and Jainm:±l-~1il 

11::1J~it (4) 

f =[-2 x log(5.74/ ReO
.
9 )r2 (3) 

rvBnadi I j (5)~UfIJm f(x) = C1+ C2X n + C3 X
m 

e'9~:a: . m:±llim~~)M~f!9mH~1Jljit . 

f =1/{-2xlog[ 95.00 _ 96.82 + (c/D)]}2 (4) 
ReO.983 Re 3.7 

~ 1~~flmHI:::1JljitM~*5*W1Jljit(1)pfif~*5~~1t~ . ~ep fg~~IJmIX1l1J$M 

1J~it(1)pfif~*5~ . fs~~lJm rvBnadi I i fiiHI::1Jljit(4)pfii~*5~ . f, ~~ljm*3Z1~lEM11::1J 

~it(5)pfif~*5=* . fSj ~~ljffl1Jljit(3)pfi~j6~ 0 -~ffij 0 ' Swarree and Jai n e'9M11::1Jljit 
(3)~ Manadi I i f!91\IHI::1Jljit(4)H:Jt~~~»2~~JMm o1Jljit(4)ff~:Jt~~~mjff~t§ ~~ 

mJftm~tifoffi~~.~mf!§~~Iij·1Jfiit(~m£~~.oo~~tt~~o 

~mf~~~IX~BitOO~1E 

iii 1~~Jm 1J~it( 1)M~pfim.~f* ItOO~~It~Im~' ~JL1J~it( 1)cp 2.51/ Re $ 

W~~ti Re ~lmfj EElilcpOJJil. . 2.51/Re$ ~7~ Re OOP1iti9i- . Wtlf!N?J')\~P1Itilm0 

~ 0 ~1I.f!Y:s/D EE 0 ~*Iij . t1$EEE/D =0 1ije'9Jli:~.l-0.9' ~fiXi's/D =0.05 ~t1$~ -1.00 
i's/D =0 Iij . t1$~-0.9 . W1Jl¥it(3)-ft 0 iii 2 ~fljm Manadi I i e'9MHI::1Jljit~~j6~ 

W1Jl¥it(1)pfif~j6~~1t~· EEliJcpOJf5t~'i'lI.m§~~9X~~ti~/J\Iij· 1Jljit(3)M~pfi 

f~j6~~~1ID'~* 0 
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elD Re I 

~I t: Err(fs) 4 I Err(fr) t:i Err(fsj) 

1 5.0E-02 1.00E+04 7.38013E-02 7.50118E-02 1.64% 7.38737E-02 0.10% 3.09721 E-02 -58.03% 
2 5.0E-02 1.ooE-+{)5 7.17809E-02 7.20102E-02 0.32% 7.17728E-02 -0.01% 1.78626E-02 -75.120.41 
3 5.0E-02 1.00E+06 7.15738E-02 7.16081E-02 0.05% 7.15680E-02 -0.01% 1.16065E-02 -83.78% 
4 5.0E-02 1.ooE-+{)7 7.15530E-02 7.15576E-02 0.01% 7.15518E-02 0.00% 8.14235E-03 -88.62% 
5 5.0E-02 1.QOE-+{)8 7.15509E-02 7.15515E-02 0'.00% 7,15507E-02 0.00% 6.02589E-03 -91.58% 
6 1.0E-03 1.00E-+D4 3.23818E-02 3.25838E-02 0,62% 3.22699E-02 -0.35% 3,09721E-02 -4.35% 
7 1.0E-03 1.00E-+D5 2.21745E-02 2.24148E-02 1,08% 2.22344E-02 0.27% 1.78626E-02 -19.45% 
8 1.0E-03 1.00E-+D6 1.99435E-02 2.00373E-02 0.47% 1.99789E-02 0.18% 1,16065E-02 -41.80% 
9 1.0E-03 1.00E-+D7 1.96671 E-02 1.96850E-02 0.09% 1.96715E-02 0.02% 8,14235E-03 -58,60% 

10 1.0E-03 1.00E-+D8 1.96386E-02 1,96413E-02 0.01% 1.96387E-02 0.00% 6.02589E-03 -69.32% 
,11 1~OE-04 t.OOE+04 3.10372E-02 3.10602E-02 0.07% 3.09839E-02 -0.17% 3.09721 E-02 -0.21% 
12 1.0E-04 1.00E-+{)5 1.85139E-02 1.85696E-02 0.30% 1.85024E-02 -0.06% 1.78626E-02 -3.52% 
13 t.OE-04 1.00E+06 1.34414E-02 1.35338E-02 0.69% 1.34869E-02 0.34% 1.16065E-02 -13.65% 
14 1.0E-04 1.00E-+{)7 1.21661 E-02 1.22085E-02 0.35% 1.21917E-02 0.21% 8.14235E-03 -33.07% 
15 1.0E-04 1.00E-+{)8 1.19991E-02 1.2oo76E-02 0.07% 1.20034E-02 0.04% 6.02589E-03 49.78% 
16 I 1.0'E-05 1.00E-+D4 3.08984E-02 3,09005E-02 0.01% 3.08836E-02 -0.05% 3.09721 E-02 0.24% 

I 17 1,OE-051 1.00E-+D5 1.80438E-02 1,80509E-02 0.04% 1.80348E-02 -0.05% 1.78626E-02 -1.00% 
I 
I 18 I 1.0E-05 1.00E-+D6 1.18695E-02 1,18949E-02 0.21% 1.18781 E-02 0.07% 1.16065E-02 -2.22% 

19 1.0E-05 1.00E-+D7 8.99571 E-03 9.04124E-03 0.51% 9.02773E-03 0.36% 8.14235E-03 -9.49% 
20 1,DE-OS 1,00E-+D8 8.18756E-03 8.21061 E-03 0.28% 8.20534E-03 0.22% 6.02589E-03 -26.40% 
21 O.OE-t<lO 1.00E+04 3.08830E-02 3.08827E-02 0.00% 3.08827E-02 0.00% 3.09721E-02 0.29% 

I 22 O.OE-t<l() 1.00E-+{)5 1.79898E-02 1.79907E-02 0.00% 1.79907E-02 0.00% 1.78626E-02 -0.71% 
23 0.0 E-+{)O 1.00E+06 1.16450E-02 1.16516E-02 0.06% 1.16516E-02 0.06% 1.16065E-02 -0.33% 
24 O.OE-+{)O 1.00E-+{)7 8.10267£-03 8.11363E-03 0.14% 8.11363E-03 0.14% 8.14235E-03 0.49% 
25 0.0 E-t{){)1 1.00E-+{)8 5.94047E-03 5.95377E-03 0.22% 5.95377E-03 0.22% 6.02589E-03 .1.44% 

1.E~ ~-----,----~--~---~---

1.E+081.E+t71.EiOI1.Ei04 

1.E-43 I----~_--_+__--__+-----.;::..;""..__I_--~ 

1.E-48 L--_-=------' ....l....-_......:....---l._..:.....-_-L---.:~____.J 

1.Ete3 

.;: f.E-48 f-----+-....:;"..,...-+---~......;...::!ro.:_:_-_+_~~-.... 
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1.E+03 1.8-04 1.E+{)5 1.E+06 1.E+07 1.&08 
Re 

fil 3 1J~rt(4)m-~pjjfo@~~f;f;.m-~~ii:W: ~~.Ilmf;f; . Iil ep~&~mmJtc;/D 
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tt~1il2 WIiI3 DJ.l-j~lJ[· ~E/D=O Iij:. ~di I i ~~I~Jt~ji:t~/J\« 0.22%)· rm Swarooe 
& Jain ~~I~Jt~j~J~IJtE-1% - +2%~~ mfit~*1ij: , =~~~~ili: . fiE Re ~/J\1ij: . jt~0 

~~~* 0 EE~JJ~Jt(4)ft:ti~JIt~~~~Mj~ Re ~*Iij:, ~ti~$m ; 1f!~tE~mJ.i~~m 

Mj~~/J\1ij: , jt~~~* ~5t.fJTm-~*6~ . mt±H~JEJt~JttzDl'0 

1 
(5) 

BR$U~~l'8I1J~±1% . ~~Ji{t~1t . milJ m = 1/3 . n = 2/3 . ex = 1/6 . --¥~~~tE±O.5% 

fglIl!*J 0 1.1'Wl .•~~It f OJJ.-j~lJfflJJljJt(5)~~m-~ . '§~~tE+{).5%J.-j!*J ~ 1 ep1.J'JUt80 

JJl¥Jt(5)m-~~~~JJljJt(1).z.l:t~ . EE~ 1 OJ~JJl¥Jt(5)m-~*5~f5ljtft!nl1HtJJfjJt*6 

~WJJljJt(1)§E!~Jli 0 JJljJt(5)!t~J'C~~~~m~~)iffl . '§fi~~f~~~$m.~~~ 

foil 4 ~~'J fflfm{tJJ ljJt(5)m-~*5 ~~ JJl¥Jt(1) pfj f~~ ~ .z.l:t~ . EE iii ep OJ ~ lJ[ JJ ljJt(5) 
m-~Pfjf~~~~~~~itIJE±O.5%J.-j!*J0 :ltffOJ~~JIJJJt . Hiffl~ Swarree & Jain ~~GJt . 
tzDnljJt(6)pJT7J' : 

1 
(6)f = 09
 

{-2x log[ 5.74/Re· + f:/D]}2
 
1+aRem(f:/Dt 3.7
 

BRilJU~~fBlIJ~±1% . ~5A~f~~)i{t$1t BRitU~~fBfIJ~±2% . JNf~Rii~Ht$It1.f\~ m =0 

1/3 ' n = 2/3 . ex = 1/6 . --¥~~~E+2% - -1%fBlIJ!*J 1.J'Wl . ~~i*lt-fuOJJ.-j~lJfflnljJt0 

(6)~~m-~ . .§.~~tE+2% - -1%J.-j!*J 0 iJ 5 ~~lJfflfm{tJJljJt(6)m-~*6~~JJljJt(1)pfjf~ 

*5~.zlt~ . EElilepOJ~lJ[nljJt(6)m-~pJTf~*5~~~~~itIJtE+2% - -1%J.-~!*J 0 

-1. 0% '-=-----L~:::...::....::.~__=___=_::.......I-__'..:......_____L_____=::..____.J
 

1.0E+<l3 1.0E+<l4 1.0E+05 1.0E+<l6 1.0E+<l7 1.0E+08 
Re 

1iI4 :nljJt(5)m-~pJTf~.~~Itm-~~~N~~ti:f$BJ:~· 11iIep~BG~mmJ.iE/D 0 
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tOE+03 tOE-+{)4 tOE+05 1.0E-+{)6 tOE+07 1.0E-+{)8 

Re 

!i]5 JJfj~(6)~'U~:pfTf~~~1*ti~~~~Wm~tiri8H¥'liIrp1lB2~mm~E/00 

.~1*tt~~iflfi~~~ljit 

)tHft'lfrp~)tttJ . ~*J:.OJ)T~li)t(Laminar).&~)t(Turbulent)~*~ ~Jtt . ~~0 

tl~ 1* ti ffi¥ . OJ tlmm J,j """f ~,fU~ : 

1.	 i~~ia~~ti~~)£(Re~ 2,2(0) . fJJ'mli)t~~~~~~1*ii . i~J~tlW'~W1JiJJfj~;f§ 

fla = 64/Re	 (7) 

2.	 ~li)t.8~~)t~~~~·~m~w~~~~~.~1*~o-~~~·x~m~~~ft 
2,200 < Re < 5,235 rdl 0 

f = 2.82x1 0-7 xRe1.5	 (8)c 

3.	 *)t~ . fUmhlj~(5)~~ fr 0 

4.	 ~JE*@: 

£fI ' ~JEm~. Re .&§m~~tiE/O 0 

z ' ~hlj~(5) , (7) , (8) . )TBU~~*lli f,a . fc . .& fr 0 

~ , ~ fla > fc . ~U f= fla ; a~IJH:~ fc . .& fr 0 

T ' ~ fc > fr . ~U f= fr . a~U f= fc 0 

~J:~~'U8pfTm~~~~ljit . 9IJ~ 3 pfT~ ~m~~ 88.& C8 )TBUMA Re .&E/O . r&~ft0 
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a3 ,ESl:i. FS tLOOBT~U~m1JJl¥rt(5) , (7) , (S)~~ fla . fc . l:i. fr 0 :fj~ G8 cpf"Fjlifli~JIT ' ill 
A= IF(a3>ES, 08, IF(ES>FS,FS,ES)) . f"F~JIT~J1:JMfflJJl¥rt 0 ~~~ S §U . ~f~c1tffi'~1t Re 

1HIlm~$ItE/D . llilDJM~!tJJ!.L'=~~1t f m0 fljffl~flJJ5AM~pJim.=~~ItOOm~1t 
~~1iI . 9Oil6 pJi~ . llil~pJi~.L~@Iil(~'s Chart) 0 

~2 Jft~~1t~JaJJ$ 

)lm~ JJl¥it~M.ifitiiIi~ 
1 J!mf~ Re ~ 2,200 fla = 64/Re 
2 7 1 5I ~»l~ 2,200 < Re < 5,235 f = 2.82x10- xRe .c 

3 ~mf~ Re > 4,CCO 1 
fr- 983 

{-2xlo [95.00/Reo. -96.82/Re + E/D]}2 
9 1+i Re1 / 3(E/D)2/3 3.7I 

4 E fla > fc . ~U f= fla ; ~~Utt~ fc . l:i. fr 0 
E fc > fr . ~lJ f= fr . ~~U f= fc 0 

~.ififli 

AI B I c I D I E I F I G I H 
1 
2 fla = 64/Re 

..l rc = 2.S2X1O·7 Re1.5 - - - -
4 fr= {-2"LogJ~95/Reo.983- 96.82/Re)/( 1+Re113(&D)213/6)+(elO)13 .71r2 

5 
0 Reynolds No. Roughness Laminar Critical Turbulent Friction Factor 

7 Re etD fla fc fr f 
8 1000 0.05 6.40000E-02 S91762E-03 9.02359E-02 6.40000E-02 
9 2000 0.05 3.20000E-02 2.52228E-02 8.18644E-02 3.20000E-02 

---- - - -
10 3000 0.05 2.13333E-02 4.63373E-02 7.87340E-02 4.63373E-02 
11 4000 0.05 1.60000E-02 7.13410E-02 7.70752E-02 7.13410E-02 - -~ - - - -
12 5000 0.05 1.28000E-02 9.97021E-02 7.60427E-02 7.60427E-02 
13 10000 0.05 6.40000E-03 2.82000E-01 7.38737E-02 7.38737E-02 
14 100000 0.05 6.40000E-04 8.91762E+OO 7.17728E-02 7.17728E-02 
15 1000000 0.05 6.40000E-05 2.82000E+02 7.15680E-02 7.15680E-02 

~ - 10000000 0.05 6.40000E-06 8.91762E+03 7.15518E-02 7.15518E-02 - - - -17 1000 0 6.40000E-02 8.91762E-03 6.25474E-02 6.40000E-02 

c..!t. 2000 0 3.20000E-02 252228E-02 4.94454E-02 320000E-02---- - ---------~ -
19 3000 0 2.13333E-02 4.63373E-02 4.35188E-02 4.35188E-02 
20 4000 0 1.60000E-02 7.13410E-02 3.99077E-02 3.99077E-02 
21 5000 0 1.28000E-02 9.97021 E-02 3.73935E-02 3.73935E-02 
Ll 10000 0 6.40000E-03 2.82000E-01 3.08827E-02 3.08827E-02 
23 100000 0 6.40000E-04 8.91762E+OO 1.79907E-02 1.79907E-02 
24 1000000 0 6.40000E-05 2.82000E+02 1.16516E-02 1.16516E-02 
25 10000000 0 640000E-06 8.91762E+03 8.11363E-03 8.11363E-03-- - .. .  . --- ---
26 
27 DBil./\ =641$88 

28 E8i1./\ =0.000000287'$88"15 

29 FBiI./\ =(-2"'LOG«95J$88"O.983-96 .82J$88)/( 1+$88"(1/3)"CS"0.66/6)+C813.7)r-2 
30 GS_./\ =IF(oS>E8 ,08 ,IF(E8>F8 ,F8 ,E8)) 

._ _--C.-_ 

- 7 



1.0E+OO 

1.OE·01 

.... 

tOE+04 tOE+05 1.0E+06 1.OE+031.0E+07 

Reynolds N....er.Re 

, I II I 
I I I' 

, 

II 
1 1 

1\ 
1\ 
~ 

Ir I~ It 
It 1,-

[~ I, , 
~ 

, 

.. 
It--

\ 'ft--

\ r-. 
~~ r--... 

.\ j 
.,. 

t'r-. I-
~ ~ i'oo.

~I'oooi'oo 
~ .. r--

- ~ ~ ::;;~Ir 

. 
- x: 0.05 ~1:.0-

x: 0.1)4. 
.... 

-
- x: 0.03 ........ 

I"'" 1'000 ... 

- x= O~02 

- x: 0.01 
- x= 0.004 

- x= 0.001 

- x=0.0001 
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1.OE+02 tOE+03
 

iii 6 5flJm1J~it(5)~*:SZ:M'H::~~iK'" OJ.tH~1;RJ.t'89~JL~iJl!r:t.~1t1il 0 

ilCP3B2~mmg~ti~:::t:/O (*IiIEE Excel, l¥:a:£~)0 
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~~1iI~:&~~15~ 

C1) B~AP :&AZ )j(~N V 

~ffl~~~15Wrt.fi~G~~*.~M~~'~B~~:&~,.)j(~NV~.o~~ 

flJffl f Re2tf Re {'F1iI(~1i17) , EB B~*iJ'E*~ 0 ' P , Jl ' ~:&AZ)j(m f Re2~(fIJffl15tjit 

9) , P:}flJffllil7 ~'i1f~!tl Re ~ , !ID~tk~*~tB~N v = Re Jl / 0 po 

Z p03 
(9)f Re = {(pz - P1) + p(Zz - Z1 )g}	 1 z
 

2 LIl
 

~~)j(m~)f;i«~ Re ~ , ~~~ C= f Re2, r&~ftA15Wit(5) , ~I:If~ § ~~~ F(Re) = 0 ' 
MfIJffltf:ii1.sL:m~~~~A*M Re 0 

F(Re) = 0 = Re+ 2-JC log[95/ReO.9:~- 96.~2/Re + c/O] (10) 
1+ Re/3(c/0)3/6 3.7 

Jtep Re ~j..~fIJffl15~it(8){'FE~~ , f~!tl Re=(C/2.87E-7)"(1/3.5) 0 *M15~it(10)~ , 
~j..~fIJffltf:m~~~Af&~JRej+1 = Rej-F(Rej)/F'(Rej) . JtepRej~~ j >XM~~(C3)) 0 

-.~a·~ffltf:.~:ma~~~*M~~~3~4~~ft'!ID~~MoM~4~~o 

~ 4 f IJffl15f£it(10))j(M Re ;L.i?~ 

wK a sD E F GA B C 
1 

2 
FRe} = 0 = Re+ 2.jC 10 [95/ReO,ge3=-96-.82/Re:-d~1 

~ --~ . -- . - _9 1+ Re Jl(dD)3? r6 :r.7
4 -
5 

#6lnilial Trial tf2 13 #4 tI6~ C eiO 
F(Re+dRe)F(Re) ReNew ReNew ReNewRe+dRe ReNew R&NeW7 Re 

3,581.80 3,587.80 3,587.80 3,587.803,851.62 3,851.66 2.S487E+02 2.5491 E+iJ2 3,588.36a lOOXXXl o.~ 

~.(M84E+{)3o,~ 6,100.33 8,21-4.99 8,198.85 8,198.85 8,198.85 8,198.856,100.27 ~048SE+r09 5OOXOO 
....1311E+{)3 -4.131OE+{)3 11)'05.13 11,659.07 11,669.07 11,669.07 11,669.077,436.31 7,01.38IlXmXXl o.~10 
-1.-4298Et04 -1.-4298804 26,ros.06 26,270.39 26;270.38 26,270.38~ o.~ 11,m.Tl 11,m.89 26,ZlO.3811 
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