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Explicit Design of Uniformly-Rough Pipe on a Slope with Pumping Power
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Abstract

When a pipe is deployed on a sloping bed, pumping power required for a dis-
charge can be estimated immediately without any iteration process with an ex-
plicit form of a friction factor equation. Pumping power being given, however,
traditional method requires an iteration process for the solution of discharge and
pipe diameter even for the uniformly-rough pipe. Yoo (1995b) has suggested ex-
plicit equations for the estimation of discharge and pipe diameter particularly
for the cases of pipe on a sloping bed without pumping and pipe on a horizontal
bed with a pumping power. Based on his approach and previous results, the
present researchers have developed explicit equations of discharge and pipe di-
ameter for the general case of pipe on a sloping bed with a pumping power. The
equations of boundary criteria are also presented in explicit way which render
proper choice of various equations suitable for the flow condition between five
characteristics. Verification studies are also carried out by applying the explicit
equations to a practical example.
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¢ 3 F oI 15949 < T < 5.0x10* 0.741 -20/19 (-1.053)
¢ 3 F I 50x10* < T < 1.3 K™*® 0.609 -30/29 (-1.034)
H o] B R I3 K™ < T < 13.6 K¢ 0.6 Koon -10/11 (-0.909)
A d F I 13.6 K°S < T < 0.002 K™ 0.694 Ko ~15/16 (~0.938)
A3 F 0 13.6 K™ < 0.002 K' < T 0.633 Ko™ -20/21 (-0.952)
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10"

10§

10°

104 + -

smooth wall

10° 10 10’ 10 10°

T

a8l 2. XS T ol it HlolE= A4 S o Bio|

K1+: (26)

{=——5—7% (27)

nhkA R ARF FRNAE vEAF 6, (9} 3
AZANE $5F(1995b) 0] AMAE Ay FUst
o, ¥ 40 #AA)5 Ut

A7 B 4olA FHet HolRFe AAZRHXR
754.18 Tirold, HolFFe} ddFe AAzA
A 1594.9% Tis%, 47 Ter = 1.3 K%, T
= 136 K5 ot} &2 T < Typ o w] 230
B, Tir < T < Tis @ HoldF, Trs < T
KTy @] 93F, Tao < T < Tre & 1 A
o, T < T 9 w] AYF EAL zter)
et AdF A= A e AUx g
£ 93t 19 I 7#7te g Rasided AAZA
AE & 49 AAIE vie} g

ojdel AFARE A¥o| AAA UYu HETE
FAlol Agshe A Feluzt sl #7o g
g golE2ye d¥or FE-A F4Y5+ T
o} 209 F4UL & 5 UAn AAZAYH A
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AFe] F#Xe E 49 aokso] & upel gt
ol o] AATE Ce AATE Bos i
3 HEE AXNA G2 Fo|A £ AAE
Fade TE s Faleie FaidS S
2 gEyoz 4 4 vk 2Y 20
olg2 A4 S o R¥y} BagS T 5z
EAEol AedH AEFE(1995b)o] HAIE S-E
Gragh ¢ FY3lH, @2 EE T2 dx3d.
a7 20] EAE0] IFo] Rails T W9
e SO} EXFFE T Z7tol wat d3% 7
&712 Zadhe FAE Hold, oj2g Hoan
B 237} $7H whet S® Fukehe e B
Qlch.

= ga e

4. g % HAS

B Foix FeE|ZdozRE Faluzt
3t §&FH B4E wE FaE dsiE A
& AA &3 EE 2oFna) g

[oi®] &7 AeAet shFAEAY FH271
I0mdd 34 1m & 420 1 km, 57l21
10 mm ¢ #Az=Ho 2 AFdA iz B
28l HLEE 200 kW& 7159t olu

BEARESEE



£2% F3% A&z g, 123 {FE ol&
&o] HEEe AHgste Fold Hugn 43
=] HEstuzt 3ok B3 FU2 NN F3l
Y 2A1 & AL EE S FUBAC] AR EH =R gl
sz ok (v o= 107° m¥/sec, p = 10° kg/
m’, g = 9.8m/sec?).

4.1 R Folny

$4, Foj0 ZRo2VE 4 (6)E A&

L
3

_ 1 [ (200x10°W){(1m)? ]
~ 10~*m?/sec| (1000kg,”m?)(1000m)

=584,804

AANE E 28 A3 Be AAZDAE HAH
.

d 1m

E= 10mm 100

dk=

Bsr =28.6d, = (28.6)(100) = 2,860
Brr=206.7d,= (206.7) (100) =20,670

B9 #H37l Br < B o2 HAYF JHq &3l
o, d, < 212 ojmg AWF [ #7te]x, AAH
E 29 93t R E 4HAs1E & gl

R,=2.441d,* "'B=1(2.441)(100)° '''(584,804)
=2,380,006

&, T NeE 23] 98t A ()&
2 gsle] AAFERZEF N 7

i) A =100 =0,01

2% 3% 1996F 6H

N= Jedd _ J/(9.8m/sec?) (1m)*(0.01)
Ty T 10~5m?/sec

=313,050

Bst R, N& Tatgons 4 (100 ¥83]
Na& AAsd ohed g

_ RoN\? _ (2,380,006) (313,050)*

Ne="B~=""" (s84,802 1002

Npol 97t 1 < Np < 4 ojuz AAlgd § 3
()& AL3ld p& 8. p& 737 HeA=
S H 3(c)Y <F>E olf3dle FAZAE
A o} gt

AAZZ dolsay

Rsr=80d, ' =(80)(100)" '=12,679

Rre=543d, " = (543)(100)' ' =86,060

HoldF 2 AdFolMe R
R =2.593d,*'**B*%* exp(0.714d,’* NB~'-%)
=(2.593)(100)"'® (584,804 )%
exp[ (0.714)(100)° % (313,050)
(584,804)-"1=2,666,606

R < R o|EZ 558 A3F Fdd &3]
AXE E 3(c)dl 95l p= e go) AH¥R
oh

7 =exp(0.424/Ng -0.197 )exp(0.424,/1.1662
~0.197)=1.2981

%%, 7=R/R,0]22 #olx=4 R F3Hd ¢
&3 gt

R=7R,=(1.2981)(2,380,006) = 3,089,486

4 (5)8 A8l B 45 e Zo] 4
4% 4 ok
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V=ﬂ= (10~°m?/sec) (3,089,486)
d (1m)
=3.089m/sec

gebd, Foj7
o] A},

FAAM $& FFe oS 2

Q=AV=%d2V=(—g—)(lm)2(3.089m/sec)
=2.426m*/sec

ol AFAI Y HEZA A, 4FE
FFE 7L F=FH e At #dnpdA s f
= #EE(1995b)o] AAF AFgeAed A
(12) & H&3to] &34 o] 2 A

] 1
f=a(T(d~) = (0.175)(100) * =0.0377

OEAM, $& FFol FoHgd a7He ¥Z L
FE oS3 o] Hgdn.

pP= ng<f~—-1 z)

(1000kg/m?) (9.8m/sec?) (2.426m?/sec)

(1000m) (3.089m/sec)?
(Im) (2)(9.8m/sec?)

[(0.0377)

__(10m)
(1000m)

(1000m)]=198.6kW

AE A3} FojA FZEY 200kWell Ao Ux
au, oxt= 07 %2A 1% ojdde & 2 9
o} AAIZE WEH % AYse Q = 2.430
m/s 24 FF A9 exl= 0.16 % old.

4.2 pyLtE Foloty

2 dAoA AdE fEFe] ZEs Q = 2.430
m/s& HEHT oA zhe FAsA Asiel
A FA BAHol 1 m 2 AR ER HES
A ok WY BF 2R A5kl ¢4 A (19)
25H Fapde TE T8
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1
5

-] -

[ (200,000)(2.43)*

1
5
(1000)(1000) +(2-43>3(9.8)<o.01)]

=1.209 x 10°

oh,
224

Jlm

ATre BHEsky] et A (25) 25
K& ?3}1, Te] ZAAZHE AHE

i

=
o},

vk, _ (107%)(0.01)

K="= 3213

=0.412x10"*

Tsr=1.3K™°*=2.026 x 10*
Trr=13.6K*5=2.119x 10°

melA] AGF Yol 5w, T = 1.209 X
10° < 0.002 K™! = 4.85x10° o]m& AGHF I
T7b) Bk E 3023E 4 (16)9 vdsE
Fahed AR [ TN s go] A
.

€=0.694K"**=0.206

—_15__
f=—1g=~0.9375

271 vldgrE A (16) st Hole=
o+ SE Fotd oea Zrh

S=0.206T %% =4.089 x 1077

npzlgto g 4] (20) o2 R Tatual st #A
£ o5 Zo] AgEr.

4=5Q _ (4089x107)(243)
Ty 10-¢

=0.994m

ARE dae Bl 3 1 me} olF 23T

HBEKRIFEEEE



Aolnj, Q= 0.6 %EA FF A&7 npEvlx|
1 % o) o8 Zte

5. dE U E9f

AArge] Y27h A5 A9 FAZEB) O
stel 428 E& WAL AEel] A% FAY A
ANg gaddeh. +RBA A TEHR
Aol o F AN ALE Astd fE5E
(1995b) & WA $A4%, & F3-¥234 B,
dolgz-ANERES N, 53-42% E9 #2
A% GE =Ysled, 9uE 29 59
AArge el ol FATe 2¥oz Ny
9 TE =@sigon, § 39 BF wEige
ARA @1 AR HE A 7 ¢ WA =AY
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F& P E o] FV= AT HREIE o84 =
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& A BAEtA] ¥sitt. & #4 A9 A
Soll= Eot Go 287AU49 T g2 Y
T BAS FEe Aol B2 Pl Hus
yelstth @b o] Aol Yoz 7hd3
AU e 7 4 A HAoh AAEE FEy A
e 71Ae & g0l 4% ¥ FAUEE Y
&9

o] AFAT:= mPYAE FdsA "
of A3 Nikuradseo] BEz}E 7123 Y

294 H3¥ 1996F 6AH

H #uEAF EXERE {438 Holr] dEe)
BE 589 43]Z7A0) Nikuradse ¥ =247 B
olaHAl th& W& HEo Fog a¥th. A4
0 @3AF ¥ FYREWH np@dAS B¥el @
olaHAl & Aoz UetgAg FYREH vl
F A 23og MHHY £ AV HEd &
ArAuel] 71x3dle] Lol et dsy AR
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