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Qw] x@ xrO=at Qy CkO u=R}t hrDNt |ROrwv} Q |=yxR=@ QO CU= sRq |y=oW}=tR;

"OQ}o Q=Qk |UQQ@ OQwt =RHt
j}kLD |xrO=at 2 5�107hReh3 554�107 |xOwOLt QO w 3 pmW QO
|xrO=at x@ C@Uv |QDsm j@=]D w |v=wNty uw�mlt w qwQ=o =R |=yxO=O =@ Q[=L
3 1131� 104hReh3 554� 107 |ROrwv} Q |xOwOLt QO =t= "OQ=O |R} Ra
w CUQO |v=wNty xm CU= 3 1131 � 104hReh2 7 � 105 xR=@ QO \ki
|QDW}@ j@=]D w CkO Q=mR=}v |xrO=at R= |L=wv Q}=U QO |rw OyO|tv x�=Q= |k}kO

"OyO|t u=Wv
1 75�106hReh2 5�107 |xOwOLt QO xrY=LG}=Dv 5 w 4|=ypmW QO
|xrO=at =@ |QDW}@ j@=]D w |v=wNty uw�mlt w qwQ=o =R |=yxO=O xm OyO|t u=Wv

"OQ=O Q=mR=}v w |R} Ra |xrO=at x@ C@Uv Q[=L j}kLD
xOW s}UQD |=yQ=Owtv|UQQ@ =@|YNWt|v=wNty w xH}Dv 7 w 6 |=ypmW QO
'OwW|tv pY=L 3 1131 � 104hReh1 75 � 106 |ROrwv} Q |xOwOLt QO
=@ 2 7 � 105hReh1 75 � 106 QO Q[=L j}kLD |xrO=at Qo}O CQ=@a x@
qwQ=o =R |=yxO=O =@ w 3 1131 � 104hReh2 7 � 105 QO uw�mlt |=yxO=O
|xOwOLt QO QDj}kO |UQQ@ |=Q@ j}kLD u}= QO u}=Q@=v@ "OvQ=O |QDW}@ j@=]D
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"(1 7� 106hReh2 4� 107) qwQ=o =R x@ C@Uv CkO u=R}t "10 pmW

"(2 8� 104hReh7 2� 104) qwQ=o =R x@ C@Uv CkO u=R}t "11 pmW

"(5� 103hReh2 8� 104) qwQ=o =R x@ C@Uv CkO u=R}t "12 pmW

u=oQ= |@ QHD |=yxO=O =@ Q[=L j}kLD |xrO=at |v=wNty w CkO 14 pmW QO
xO=O u=Wv |R} Ra |xrO=at x@ C@Uv (11 21hReh1 05�106) |xR=@ pw] QO

"CU= xOW
CkO |xOwOLt "OyO|t u=Wv =Q Q[=L xr=kt |}=yv |xH}Dv 15 pmW
3 1131 � |xOwOLt QO |R} Ra |xrO=at x@ C@Uv Q[=L j}kLD |xrO=at

"(3 113�104hReh2 7�105) QO Q[=L j}kLD w |R} Ra |xrO=at "7 pmW

(1 75�107hReh3 554� QO Q[=L j}kLD w |R} Ra |xrO=atCkO "8 pmW
"107)

"(2 4� 107hReh3 554� 107) qwQ=o =R x@ C@Uv CkO u=R}t "9 pmW

|xrO=at x@ C@Uv Q[=L j}kLD |xrO=at =@ |QDW}@ j@=]D 104hReh3 5� 105

"OQ=O Q=mR=}v w |R} Ra
3� 105hReh1 05� 106 |xOwOLt QO xm s}vm|t xOy=Wt 10 pmW QO
Q[=L j}kLD |xrO=at x@ C@Uv Q=mR=}v w |R} Ra |xrO=at =@ |QDW}@ j@=]D u=oQ=

"OQ=O u=oQ= =@ |QDsm |v=wNty Q[=L j}kLD |xrO=at w OQ=O
"OyO|t u=Wv =Q Q[=L j}kLD |xrO=at CkO Reh2 8� 104 QO 11 pmW
xOwOLt QO 13 w 12 |=ypmW xOW s}UQD |=yQ=Owtv R= xrY=L G}=Dv u}vJty
"OvyO|t V}=tv =Q Q=mR=}v w |R} Ra |xrO=at CkO 2 8� 104hReh7 2� 104
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"CU= |QwQ[ |RQt |x}q w |WQ@ VvD 'CaQU `} RwD C=QF= |x@U=Lt
VwQ =} w xrO=at |x�=Q= |=Q@ xDWPo QO xm |D=ar=]t 'xr=kt |xtOkt VN@ QO
|=yxO=O R= xO=iDU= =@ TBU "OW |iQat 'Ow@ xDiQo s=Hv= Q=Wi Ci= |x@U=Lt
pL x=Q VwQ ?=NDv= w lwQ@rm |xrO=at |R=Uxv}y@ QO |aU Q@Dat |y=oW}=tR;
|=yxrwr QO l =m]Y=?} Q[ |x@U=Lt |=Q@ xm OW x�=Q=|}xrO=at 'u}tND w|r}rLD
u}@ |}xU}=kt 'G}=Dv p}rLD |=Q@ TBU "CU= QDl}ORv C}ak=w x@ Cq=}U p=kDv=
x�=Q= j}kO w Q@Dat CqO=at u} QN; w 18 |xrO=at |va} Q[=L j}kLD |xrO=at
u=R}t w OW s=Hv= |ROrwv} Q hrDNt |L=wv QO �Q=mR=}v w |R} Ra CqO=at� xOW
|ROrwv} Q |=yxO=O |L=wv R= �63 5 QO "CiQo Q=Qk |UQQ@ OQwt xOwOLt Qy |=]N
Q[=L j}kLD |xrO=at =@ |O=} R Q=}U@ j=@]v= '11 21hReh3 5724 � 107

QO "CU= Q=OQwNQ@ |QDW}@ CkO R= |R} Ra |xrO=at �36 5 QO =yvD w OQ=O OwHw
|xrO=at CkO '|OwOLt |L=wv QO RH =OD@= R= R}v Q=mR=}v |xrO=at j=@]v= |UQQ@
'lwQ@rm |xrO=at Ow@y@ Q@ xwqa VywSB u}= QO |}=yv |xH}Dv "Ow@ QDW}@ j}kLD u}=
|=yxv} Ry p}tLDVy=mEa=@ 'l =m]Y=?} Q[ j}kO wCUQO |x@U=Lt p}rOx@
u=kkLt w u=Q@ Q=m x@ Cq=}U p=kDv= |=yxrwr QO |SQv= hqD= Vy=m u}vJty w u=w=Qi

"OwW|t

s}qa CUQyi
|U}rov= s}qa �

&m xrwr Q]k %D
&Vv=Qo C@=F %g
&p=}U `@=D %hl

&m xrwr pw] %L
&ROrwv} Q OOa %Re

"ms p=}U |@Uv CaQU %v

|v=vw} s}qa �
&�M=@ R} w C@=F� l =m]Y= ?} Q[ %�(f)

& kgm3 |r=oJ %�
"m K]U |Q@ R %"

"(Reh5� 103) qwQ=o =R x@ C@Uv CkO u=R}t "13 pmW

"(11 21hReh1 05�106) QO |R} Ra w Q[=L j}kLD |xrO=atCkO "14 pmW

"(11 21hReh3 5724�107)QO|R} Raw Q[=Lj}kLD|xrO=atCkO "15pmW

=@ Q[=L j}kLD QO |QDUm =N xR=@� "CU= xOW s}UQD 104hReh3 554� 107
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1. Julius Weisbach
2. Darcy
3. Reynolds

4. Blasius
5. Von Karman
6. Nikuradse
7. Colebrook & White
8. Moody
9. Churchill
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11. Haaland
12. Sheikh
13. O�or & Alabi
14. Vatankhah
15. Azizi et al
16. non integer powers
17. Niazkar
18. Princeton
19. MSZD (McKeon-Smits -Zaragola-Donnelly)
20. (McKeon-Li-Jiang -Morrison-Smits)
21. Oregon
22. Swanson
23. Joseph & Yang
24. Explicit
25. implicit
26. Mikata & walczak
27. Brki�c
28. Lambert's W function (W exp (W) = x $ W = W(x))
29. Boyd
30. Barry
31. Winitzki
32. Graph
33. Open source
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