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1- Fluid

2- Liquids

3- Gases

4- Incompressible

5- Compressible

6- Solid mechanics

77- Fluid mechanics

8- Hydraulics

9- Hydrostatics

10- Hydrodynamics
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1- Elastic limit
2- Sprinklers

3- Drippers

4- Flow rate

5- Laminar flow
6- Turbulent flow
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1- Darcy-Weishach
2- Reynolds number
3- Kinematic viscosity
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1- Hydraulic gradient

2- Head loss or friction loss

3- Fittings

4- Local losses or minor losses
5- Total head loss
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1- Pipe economical diameter
2- Pipe economical velocity
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1- Reynolds number

2- Moody

3- Smooth turbulent flow

4- Rough turbulent flow

5- Turbulent transitional flow
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Flow in Partially Full Pipes
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n/n = 1 + (y/D) (1/3) 0<y/D<0.03
n/nan = 1.1 + (y/D — 0.03) (12/7) 0.03<y/D<0.1
n/nan = 1.22 + (y/D — 0.1) (0.6) 0.1<y/D<0.2
n/nen = 1.29 0.2<y/D<0.3
n/nan = 1.29 — (y/D - 0.3) (0.2) 0.3<y/D<05
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= 0=2arccos[(r—h)/r]
= A=r%0-sin0)/2
= P=10
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= h=01
= O=2arccos[(r—h)/r] =2arccos[(0.15-0.1)/0.15] = 1400
» A =r2(0-sin0)/2 =0.152(n*140/180- sin140/180)/2 = 0.0273 m2
» P=r0=0.15% 1 *140 /360 = 0.1855 m
= R=A/P=0.0273/6.68 = 0.147 m
= y/D=0.1/0.3=0.330.3<y/D<0.5
= n/nfull =1.29 — (y/D - 0.3) (0.2) =n/0.015=1.29 — (0.33 - 0.3) (0.2) = 1.284
= n =0.15(for galvanized iron) *1.284 = 0.193
= S=0.004
= Q=(1/n) A (R?®) (S¥?) = (1/0.193) * 0.0273 (0.1472/3) (0.0041/2) = 0.00250 m3/s= 2.5 I/s
= V =Q/A=0.0025/0.0273 = 0.915 m/s
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» h=2r-y

= 0=2arccos [ (r—h)/r]

» A=nr’— A=mar?—r’0 - sinb)/2

= P=2nmr—P=2nr-r0

N = 1.25 — [(y/D — 0.5)/2] 0.5<yD<1
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* h=03-01=02m
» 0=2arccos [ (0.15-0.1)/0.15] = 141.4°
= A=mr?—r¥0-sin0)/2 = 0.15%(7T *141.4/180- sin141.4/180)/2 = 0.0276 m?
» P=2nr—r0=2n*0.15-0.15*141.4/180 = 0.8246 m
= R=A/P=0.0276/0.8246 = 0.0335 m
* n/ni=1.25-[(y/D - 0.5)/2] = 1.25 - (0.1/ 0.3)/2 = 1.08335
= n=0.15(for galvanized iron) *1.08335 = 0.1625
= S=0.004
= Q=(1/n) A (R?®) (S¥?) = (1/0.1625) * 0.0276 (0.03352/3) (0.0041/2) = 0.1345 m3/s= 134.5 I/s
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. V= QIA=0.1345 /0.0276 = 4.87 m/s
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{f =[1.14 + 2 logo (D/€)] %}

Inputs (enter values in the blue boxes) Calculations (done by spreadsheet)

Pipe Diameter, Din 6 in Pipe Diameter, D 0.5000 ft
Pipe Roughness, 0.0005 ft Friction Factor, f 0.01962

Pipe Length, L 100 ft Cross-Sect. Area, A 0.1963 ft2
Pipe Flow Rate, Q 0.600 cfs Ave. Velocity, V 3.1 ft/sec
Fluid Density, p = 1.94 slugs/ft3 Reynolds number, Re 108,575

Fluid Viscosity, p = 0.0000273 Ib-sec/ft2

Yo



1323 ol !

abaly 5l eolawl b ¥ cwlin a3 (F) LS ol lym S8 U o) JalS o 13 ygao 4 bya LT a8 5,8 s b Y
D)5 o duslio JolSom)d by ;5 () b g 245 o duwlxo p3)

f = {-2*loguo[((e/D)/3.7) + (2.51/(Re*(FL/2))]}2

Transition Region Friction Factor, f: f= 0.0221
Repeat calc of f using new value of f: f= 0.0220

Repeat again if necessary: f= 0.0220

o P 5H(F) Hlade 530,18 4 L APT g h avwlow Y

hL = f(L/D) (V?/2g) and APf = pghL

Frictional Head Loss, hL = 0.64 ft
Frictional Pressure Drop, APf = 40 psf
Frictional Pressure Drop, APf = 0.28 Psi

1- Completely turbulent flow
2- Transition region
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Inputs (enter values in the blue boxes)

Pipe Diameter, Din

Pipe Roughness, ¢

Pipe Length, L

Allowable Head Loss, h.

Fluid Density, p

Fluid Viscosity, u

0.0005

40

0.9

1.94

0.0000273

ft

ft

ft

slugs/ft

Ib-sec/ft?

YA

Calculations

Pipe Diameter, D

Friction Factor, f

Cross-Sect. Area, A

Assumed Flow Rate, Q

Ave. Velocity, V

Reynolds number, Re

0.3333

0.02170

0.0873

0.83

95

225,293

ft

ft?

cfs

ft/sec
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f = {-2*logio[((e/D)/3.7)+(2.51/(Re*(F12))]}2

Transition Region Friction Factor, f: f= | 0.0227 |
Repeat calc off using new value off: f= [ 00227 |
Repeat again if necessary: f= [ 00227 |

Flomsg =) alaly 1> o dls o 3 () ol polie jlodlitwl L Q 5V dwlbxe Y

[V = (2g*D*h./f*L)¥?] and Q = V(O D%/4)

Fluid Velocity, V= | 4.6 | ft/sec

Fluid Flow Rate, Q = | 0.40 | cfs

D9 a plosl Las g ygeil anl yo oy o0 (gl (iume Jlacde 15,8 L cliwle oyl 48 el ol 4 b

A5 5> dm (o yd lasie 4o ) sael Cowd a e aob wisl coglate oas (5,8 e b Q ool Cawd 4 jlade asslis
Sacie Lags 03w domiao oyl ails glite (ogyde jlide L odel couwd 4 jlade a8 b o asldl ju8 o LIS oplcd )8
o odly s 405 > 48 el Jgdn ailen YU abges )3 (byb g (i odcel cowd dn polie amd o LS |y Ol

Lol

Assumed Q, cfs Calculated Q, cfs
15 0.85
0.85 0.83
0.83 0.83
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o) Jax gpi=c

o Ge @l s Shy= 5P
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Inputs Calculations
Allowable Head Loss, h. 7 ft Assumed Pipe Diam, Din* 4 in
Pipe Roughness, & 0.0005 ft Pipe Diameter, D 0.3333 Ft
Pipe Length, L 600 ft Friction Factor, f 0.02170
Pipe Flow Rate, Q 4.250 cfs Cross-Sect. Area, A 0.0873 ft?
Fluid Density, p 1.94 slugs/ft Ave. Velocity, V 48.7 ft/sec
Fluid Viscosity, p 0.000027 | Ib-sec/ft Reynolds number, Re |  ######HtH
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f = {-2*loguo[((e/D)/3.7)+(2.51/(Re*(f2))]}2

Transition Region Friction Factor, f: f= 0.0219
Repeat calc off using new value off: f= 0.0219
Repeat again if necessary: f= 0.0219

S duloe i A5 53 ool Cnd 4 olos e b 1y dg) Jlas Y

[ D = f(L/hL)(V2/2g)

Pipe Diameter, D = 69.2757 ft = 831.3 in

3 =550 D sael cows dn jlaie dsulin g ed |y Sen Slul 4 Slwbxe oyl p3 dg) s a8 cuily sb 4 Wb
A ) edm o8 lge 4 S 3 vg e (slayhad b, S La 3 L ) sacel s 4 ylade Bl csl oad 5,8 ke
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S5 485 55 )3 (ol 55 (e 18 ) 2l VIO (s 5 sl e s 0 ] VIF sl
ol gl Y0 Jlo opl el gy cpl 5l oo cund 4 gl VA conliols gl

5l a)ke gl cas p odstie YLy Aol o kil (sla ylad
18,14,38,12,34,1,114,112,2,212, 3,312, 4,5,6, 8, 10, 12, 14, 16, 18, 20, 24, 30, 42,
48, 54, 60
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