
ME444 ENGINEERING PIPING SYSTEM DESIGN

CHAPTER 4 : FLOW THEORY
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1. CHARACTERISTICS OF FLOW
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WATER AT 20°C

Properties Symbols Values

Density ρ 998.2 kg/m3

Viscosity
(Absolute)

µ 1.002 x 10-3 N.s/m2

Viscosity
(Kinematic)

ν = µ /ρ 1.004 x 10-6 m2/s
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Reynold’s Experiment
Osborne Reynolds (1842-1912) systematically study behavior of by 
injecting color in to a glass tube which has water flow at different speed
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Reynold’s Experiment
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Reynold’s Number

νµ
ρ vDvD

==Re Inertia effect

Viscous effect

Inertia effect leads to chaos  Turbulent

Viscous effect holds the flow in order  Laminar
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Flow Patterns

Laminar (Re < 2300)

Turbulent (Re >10,000)

Non-viscous
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Flow Patterns
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Re of flow in pipe
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Low velocity flow in a DN20 SCH40 pipe at 1.2 m/s (25 lpm)

TURBULENT
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2. BASIC EQUATIONS

CONSERVATION OF MASS

ENERGY EQUATION

MOMENTUM EQUATION
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CONSERVATION OF MASS

2211 QQ ρρ =

QvAvA == 2211

MASS FLOW IN = MASS FLOW OUT:

INCOMPRESSIBLE FLOW:
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ENERGY EQUATION

ENERGY IN FLUID IN JOULE / M3 IS

POTENTIAL ENERGY IN PRESSURE p

KINETIC ENERGY 

2

2vρ

POTENTIAL ENERGY IN ELEVATION gzρ

HEIGH UNIT IS MORE PREFERABLE  HEAD

DIVIDE THE ABOVES WITH gρ 13



HEAD
Total head = Static pressure head + Velocity head + Elevation
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ENERGY IS NOT CONSERVED 14



GUAGE PRESSURE
ATMOSPHERIC  PRESSURE IS 
1 ATM = 1.013 BAR = 10.33 m. WATER EVERYWHERE

(AT SEA LEVEL)

GAUGE PRESSURE IS MORE PREFERABLE IN LIQUID FLOW

atmguage ppp abs −=

GAUGE PRESSURE IS MORE PREFERABLE IN LIQUID FLOW

(1 BAR = 10.2 m. WATER)

USUALLY CALLED m.WG., psig, barg
15



MOMENTUM EQUATION

( )12 vvQvQ
dt
vdmF 


−=∆== ρρ
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LOSS
MAJOR LOSS: LOSS IN PIPE

MINOR LOSS: LOSS IN FITTINGS AND VALVES

A

PA

PBP∆

Q

B
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LOSS IN PIPE
PRESSURE DROP IN PIPE IS A FUNCTION OF
FLUID PROPERTIES (DENSITY AND VISCOSITY)
ROUGHTNESS OF PIPE
PIPE LENGTH
PIPE INTERNAL DIAMETER
FLOW VELOCITY FLOWRATE

P∆

v

2KP v∆ =


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



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HEAD LOSS IN PIPE
2Qhf ξ=

ξ varies mainly with pipe size, pipe roughness and fluid viscosity
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DARCY-WEISSBACH EQUATION

2Qhf ξ=
g

v
D
Lfhf 2

2

=

gD
Lf

52
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π
ξ =
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DARCY FRICTION FACTOR
Detail Darcy friction factor is proposed by Lewis Ferry Moody
(5 January 1880 – 21 February 1953)
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MOODY DIAGRAM

22



Colebrook – White Equation

Most accurate representation of Moody diagram in Turbulence region

Implicit form, must be solved iteratively
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APPROXIMATION OF FRICTION FACTOR
IN TURBULENT REGIME
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APPROXIMATION OF FRICTION FACTOR
IN TURBULENT REGIME
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APPROXIMATION OF FRICTION FACTOR
IN TURBULENT REGIME
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Swamee - Jain Equation
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Swamee - Jain (1976)

ε
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ROUGHNESS, ε

Drawn tube 0.0015 mm
Commercial steel pipe 0.046   mm
Cast iron 0.26 mm
Concrete 0.3 – 3 mm

ROUGHNESS INCREASES WITH TIME
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PRESSURE DROP CHART
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HAZEN-WILLIAMS EQUATION

1.85

2.63
151

f
Qh

CD
 =  
 

hf in meter per 1000 meters

Q in cu.m./s

D in meter

C =  roughness coefficient (100-140)

NOT ACCURATE BUT IN CLOSED FORM = EASY TO USE.
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ROUGHNESS COEFFICIENT, C

16060

SMOOTHROUGH

70 80 90 100 110 120 130 140 150

GENERAL VALUE 100-140

PLASTIC 120-150 (130)

STEEL 100-150 (100)

COPPER 120-150 (130)

STEEL 100-150 (100)
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Comparison of  ε and C
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Hazen vs. Darcy
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LOSS IN FITTINGS

2

2
vh K
g

=

PRACTICALLY 25%-50% IS ADDED 
TO THE TOTAL PIPE LENGTH TO 
ACCOUNT FOR LOSS IN FITTINGS 
AND VALVES
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LOSS IN VALVES

2

2
vh K
g

=

PRACTICALLY 25%-50% IS ADDED 
TO THE TOTAL PIPE LENGTH TO 
ACCOUNT FOR LOSS IN FITTINGS 
AND VALVES
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VALVE COEFFICIENT Kv

Kv = 0.86 x Cv

Q IN CU.M./HR
∆P IN BAR
S.G. = SPECIFIC GRAVITY

. .
v

S GK Q
P

=
∆

2

4
710527.4

vK
DK ×=
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EQUIVALENT LENGTH OF FITTINGS

Another way to estimate loss in fittings 
and valves is to use equivalent length. 

http://machineryequipmentonline.com/hvac
-machinery/pipes-pipe-fittings-and-piping-
detailsvalves/ 37



EQUIVALENT LENGTH – L/D 
Fitting Types (L/D)eq

90° Elbow Curved, Threaded Standard Radius (R/D = 1) 30
Long Radius (R/D = 1.5) 16

90° Elbow Curved, Flanged/Welded

Standard Radius (R/D = 1) 20
Long Radius (R/D = 2) 17
Long Radius (R/D = 4) 14
Long Radius (R/D = 6) 12

90° Elbow Mitered
1 weld (90°) 60
2 welds (45°) 15
3 welds (30°) 8

45° Elbow Curved. Threaded Standard Radius (R/D = 1) 16
Long Radius (R/D = 1.5)

45° Elbow Mitered 1 weld 45° 15
2 welds 22.5° 6

180° Bend
threaded, close-return (R/D = 1) 50
flanged (R/D = 1)
all types (R/D = 1.5)

Tee Through-branch as an Elbow

threaded (r/D = 1) 60
threaded (r/D = 1.5)
flanged (r/D = 1) 20
stub-in branch
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EQUIVALENT LENGTH – L/D 
Fitting Types (L/D)eq

Angle valve 45°, full line size, β = 1 55
90° full line size, β = 1 150

Globe valve standard, β = 1 340

Plug valve
branch flow 90
straight through 18
three-way (flow through) 30

Gate valve standard, β = 1 8
Ball valve standard, β = 1 3
Diaphragm dam type
Swing check valve Vmin = 35 [ρ (lbm/ft^3)]-1/2 100
Lift check valve Vmin = 40 [ρ (lbm/ft3)]-1/2 600
Hose Coupling Simple, Full Bore 5

https://neutrium.net/fluid_flow/pressure-loss-from-fittings-equivalent-length-
method/ 39



EXAMPLE 4.1

15 m

15 m

25 m

15 m

50 m

15 m B

A

1,000 LPM

DN100

5 m vertical pipe

5 m vertical pipe

Compute friction loss in a DN100 SCH40 pipe 
carry water at 27°C (ν =0.862X10-6 m2/s) at the 
flowrate of 1000 LPM from A to B.
Both globe valves are fully open (K = 4)
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EXAMPLE 4.1 (2)

310213.8 −×=APipe flow area: m2

000,1=Q 0167.0=LPM m3/sFlowrate:

( )
( ) 029.2

10213.8
0167.0

3 =
×

== −A
Qv m/sVelocity:

( )( )
( ) 700,240

10862.0
1026.102029.2Re 6

3

=
×

×
== −

−

ν
vD
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EXAMPLE 4.1 (3)

( )

2 2

10 0.9 10 0.9

0.25 0.25 .0184
/ 5.74 0.046 /102.26 5.74log log3.7 Re 3.7 240,700

f
Dε

= = =
      +    +        

( )( )
( ) ( )

605,13
81.91026.102

0184.010088
53252 =

×
==

−ππ
ξ

gD
Lf

(per 100m)

( )( ) 78.30167.0605,13 22 === Qhf ξ m/100m
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EXAMPLE 4.1 (4)

Loss in 90 degree bend

K = 0.25x1.4 = 0.35

( )
( ) ( )

46.264
81.91026.102

35.088
43242 =

⋅×

⋅
==

−ππ
ξ

gD
K

( ) 074.00167.046.264 22 =⋅== Qhm ξ m/piece
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EXAMPLE 4.1 (4)

Loss globe valve

K = 4

( )
( ) ( )

022,3
81.91026.102

488
43242 =

⋅×

⋅
==

−ππ
ξ

gD
K

( ) 846.00167.0022,3 22 =⋅== Qhm ξ m/valve

Loss check valve

K = 2  Half of globe valve

423.0=mh m/valve
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EXAMPLE 4.1 (5)
Components Size Quantity Pressure 

drop/unit
Pressure drop 

(m.WG.)
Major loss

Straight pipe DN100 150 m 3.78 m/100m 5.67

Minor loss

Elbows DN100 8 pcs 0.074 m/pc 0.59

Globe valves DN100 2 pcs 0.846 m/pc 1.69

Check Valve DN100 1 pc 0.423 m/pc 0.42

Minor loss 2.71
(48% of 5.67)

Total Pressure 
drop

8.38
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EXAMPLE 4.1 (NOTE)

46

2605,13 Qhf =
246.264 Qhm =

2022,3 Qhm =

Loss in 90 degree bend (per elbow)

Loss in pipe (100m)

Loss in globe valve (per valve)

2511,1 Qhm =Loss in check valve (per valve)

varies with 
flow rate
(but not much)

Loss in the system

( ) 2511,1022,3246.2648605,13100/150 Qhl +×+×+×=

2078,30 Qhl =
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EXAMPLE 4.1 (NOTE)
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2078,30 Qhl = Point B is 5m higher than point A

Flow Loss System head
LPM  (m.WG.) (m.WG.)

0 0.00 5.00
100           0.08 5.08
200           0.33 5.33
300           0.75 5.75
400           1.34 6.34
500           2.09 7.09
600           3.01 8.01
700           4.09 9.09
800           5.35 10.35
900           6.77 11.77

1,000       8.36 13.36
1,100       10.11 15.11
1,200       12.03 17.03

Flow rate

H
ea

d 
(m

.W
G

.)
Loss

Loss+Elevation

5m



ENERGY GRADE LINE
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HYDRAULIC GRADE LINE
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EXAMPLE 4.2

Draw static pressure line from point A to points B and C.
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EXAMPLE 4.2

Unknown
pressure
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EXCEL SPREADSHEET
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EXAMPLE 4.3
Estimate flowrate Q
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EXAMPLE 4.3
Method 1 – Neglect loss 
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EXAMPLE 4.3
Method 2 – Include loss 
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EXAMPLE 4.3
Method 2 – Include loss 
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EFFECT OF VISCOSITY AND DENSITY

Blood @ 37°C
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HOMEWORK 4
1. DETERMINE THE SUITABLE DIAMETER OF A SMOOTH PIPE TO TRANFER XX0 LPM

OF WATER FROM  POINT A TO POINT C. THE MINIMUM PRESSURE REQUIRED AT 
C IS 1 BARg.

2. ASSUME THAT THE FLOW RATE OF XX0 LPM IS ACHIEVED IN THIS SYSTEM, 
ESTIMATE THE VELOCITY HEAD IN PERCENTAGE OF THE TOTAL HEAD?

3. SKETCH  ENERGY LINE, HYDRAULIC GRADE LINE AND STATIC PRESSURE LINE.

A C

25 m

200 m
XX is the last two digits of your student ID. If it is 00 then use the last three digits instead

10 m

B 300 m
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