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o G331 S50

Lab Bench Pilot Industrial
Scale — ° Scale — Scale Scal
cale

How to be a Scientist or Engineer

The steps in understanding and/or control any
physical phenomena is to:

1. Identify the relevant physical variables.

2. Relate these variables using the known physical
laws.

3. Solve the resulting equations.

Secret #1: Usually not all of these are
possible. Sometimes none are.
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ALL ISNOT LOST BECAUSE OF

Secret #2: Dimensional Analysis

Rationale
* Physical laws must be independent of
arbitrarily chosen units of measure. Nature
does not care if we measure lengths in
centimeters or inches or light-years or ...

e Check your units! All natural/physical
relations must be dimensionally correct.

Why are there no small animals in
the polar regions?

 Heat Loss oc Surface Area (L?)
¢ Mass ««Volume (L?)

» Heat Loss/Mass oc Area/Volume
— L2/ L3
— 1!




Heat Loss/Mass oc Area/Volume
= L2/ L3
—1-!

Mouse (L =15 cm)
1/L = 1/(0.05 m)
=20 m’!

Polar Bear (L =2 m)
1/L=1/(2 m)
=0.5m’!

20:05 or 40:1

Gulliver’s Travels: Dimensional Analysis

12x their food ration?

* A persons food needs are
related to their mass
(volume) — This depends

on the cube of the linear

dimension.
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Let Lg and Vg denote Gulliver’s linear and volume dimensions.

Let L, and V| denote the Lilliputian’s linear and volume dimensions.

Gulliver is 12x taller than the
Lilliputians, Lg=12 L

Now V< (L) and Vo< (L )3, so

Vo/ Ve =g/ (L)
=120/ (Ly)?
=123
=1728
Gulliver needs to be fed 1728 times
the amount of food each day as the
Lilliputians.

This problem has direct relevance to drug dosages in humans

abal; o Se il LSy am sl)ls b doles S Oz oolos
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P9 29 P9 29
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PIZ, 297, 29Z, P9, Z,
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PIPE FRICTION DATA FOR CLEAN COMMERCIAL STEEL PIPE
WITH FLOW IN ZONE OF COMPLETE TURBULENCE
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SUDDEN AND GRADUAL CONTRACTION
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Gate valve
handle

gate valves are meant to be fully open
packing or fully closed

since the seal is metal-to-metal,
corrosion can cause these valves to fail

NN —

sunrﬂvA
pipe
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Globe Valve

GLOBE AND ANGLE VALVES
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Globe valve

glove valves tend to be restrictive but,

can be used to throttle water flow
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Angle Valve

iy =1, .. K, =150fr If: B=1....K =551+

All globe and angle valves,
whether reduced seat or throttled,

Ifi: f<1.... K, =Foermula?
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SWING CHECK VALVES

K=100fr K=350fr
Minimum pipe velocity (mps) for full disc lift
= 45T = ?5\"'chccpt
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CornerHardware.com

LIFT CHECK VALVES

i 3=1....K,=0600/r
§<1....K;,=Formula7
Minimum pipe velocity (mps) for full disc lift
=508 V7
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FOOT VALVES WITH STRAINER

Poppet Disc Hinged Disc
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BALL VALVES
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BUTTERFLY VALVES
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PLUG VALVES AND COCKS
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90" PIPE BENDS AND
FLANGED OR BUTT-WELDING 90° ELBOWS
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PIPE ENTRANCE
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Projecting
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PIPE EXIT
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Series Operation
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Parrallel Operation
- similar pumps

The flow of both pumps are added
logather toform
new curnaa

Head

one
pump
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Chapter 9

Line Sizing Criteria

General:

« The fluid quantities to be used in determining
line sizes shall be those called for by the
maximum process design flow rates and in any
case shall not be less than 110% of the unit
design throughput. However, line sizes shall
be in compliance with the equipment (pumps,
exchangers, etc.) design capacity.
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Pipe Roughness

PIPE MATERIAL

ABSOLUTE ROUGHNESS (mm)

Commercial steel
Cast Iron
Drawn Tubing

Concrete/Cement Lining

0.05

0.26

0.0015

0.30

Liquid line sizing criteria:

1. Limiting Factor in line sizing:

- Upper limit of the friction loss range

- Maximum velocity
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Liquid line sizing criteria:

Service

Friction Loss Ranges (Bar/100 m)

Pump Suction

Pump Discharge

Cooling Water (header)
Cooling Water (branches)

Gravity Flow

0.05~0.10
0.20~0.45
0.06 ~0.24
0.30~0.45

0.035 (MAX.)

2.Velocity limits depend on line diameter:

SUBCOOLED
Pump suction:  up to 2” 0.3~0.6 m/s Max. 0.5 m/s
From 3” to 6” 0.6~1.0m/s Max. 0.9 m/s
From 8” to 10” 0.8~1.5m/s Max. 1.2 m/s
Over 127 09~3.0m/s Max. 2.0 m/s
Pump suction:  up to 2” 0.6 ~1.2m/s Max. 1.0 m/s
From 3” to 6” 1.0~2.4m/s Max. 2.0 m/s
From 8” to 10” 1.5~2.8m/s Max. 2.4 m/s
Over 127 24~3.6m/s Max. 3.2 m/s
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Corrosive or erosive fluids:

- Velocity limits should be halved.

* In case of lower velocity

- lower velocity shall be based upon for the

design of such line.

Gas and steam lines sizing criteria

Services Friction loss ranges Velocity ranges (m/s)
(bar/100m)

Gas and vapors

Less than 1 bar (a) 0.01 ~0.06 20~ 30

Up to 7 bar (g) 0.02~0.1 20 ~30

From 7 to 69 bar (g) 0.1~04 20 ~ 35

Over 69 bar (g) 0.7 % of the op. press. 20 ~40

Steam (Saturated)

Less than 3.5 bar (a) 0.7 % of the op. press. 15.2 (d)*>

From 3.5 to 17.2 bar (g) 0.1~0.3 12.0 (d)03

From 17.2 to 69 bar (g) 0.3~0.7 9.0 (d)?

Steam (Super heated)

Less than 17.2 bar (a) Same as gas and vapor

Over 17.2 bar (g) 2.3 % of the op. press. 15.2 (d)*
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Gas and steam line sizing criteria:

1. Limiting Factor in line sizing:
- Upper limit of the friction loss range

- Maximum velocity

2. Absolute maximum velocities limits:

- Gas and vapors and superheated steam

less than 17.2 bar (g): 50% sonic

- saturated steam and superheated steam
above 17.2 bar (g): 30.5 (d)?°
d = Nominal pipe diameter (inches)
subject to the following absolute limitations
« Saturated steam: 50 m/s

 Superheated steam: 75 m/s




It must be mentioned that:

Sonic or acoustic velocity:

- sonic velocity: 91.2 {(T/M.W)}%5
where:

T = fluid temperature (K)

M.W = fluid molecular weight

Miscellaneous

1. Two phase flow:

- Special consideration to the type of flow

- The maximum limit shall be 4.5 bar/Km for pressure drop and
122/(Dm)°> maximum average velocity

Dm = mixed phase density in Kg/m?

- The maximum average fluid velocity for transfer lines between
furnace and tower shall not be higher than V=73/(Dm)%° at
operating conditions.
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Examples of Pump Data sheets

FADCESS DATA SHEET
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Example:

Indicate pressure, elevations and system sketch

()
HLL

25m

0 mI LLL

14m

Fluid Pumped: Liquid: Crude Oil

Pump Type:
Speed:

Pumping temperature T: 40 °C
Vapor pressure at T: 1.04 bar a
Density at P, T: 805 kg/m3

Specific gravity at P, T: 0.805

Viscosity at P, T: 8.2 cP

Specific gravity : 0.822 (ref. cond.)
Normal flow at P, T: 451 m3/h
Design margin: 25 %

Design flow at P, T: 489 m3/h

2/5/2011
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Suction pressure

Maximum discharge

Min. origin pressure = 1.03 bara pressure 5.03 bar a
Static head at LLL = 142 m Max. suction pressure 3.8 bar
(m x sg x 0.0981) 0.33 bar Normal pump AP x 120 %

- AP suction line 0.1 bar Net 553 bara
Pump suction pressure 1.26 Discharge pressure

Net positive suction head Delivery pressure 1.01 bar a
Static head at LLL = 42m Static head 1.11 bar

- Line loss = 1.27m AP control valve (s) 0.7 bar
Vapor pressure correction AP exchanger (s) 0.7 bar
Total available NPSH 2.93m AP orifice (s) -
Maximum suction pressure Ap B

Vessel PSV setting 4.5bara AP line loss 0.42 bar
Static head at HLL 0.53 bar Other 0.5 bar
Net 5.03 bar a Total discharge pressure 4.42 bar

Maximum discharge pressure

Max. suction pressure 5.03 bar a
Normal pump AP x 120 % 3.8 bar
Net 5.53 bara
Discharge pressure

Delivery pressure 1.01 bar a
Static head 1.11 bar
AP control valve (s) 0.7 bar
AP exchanger (s) 0.7 bar
AP orifice (s) -

AP -

AP line loss 0.42 bar
Other 0.5 bar
Total discharge pressure 4.42 bar

2/5/2011
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Differential pressure

Suction pressure 1.26 bar a

Discharge pressure 4.42 bar

Pump AP 3.16 bar

40 m

Power requirement

Brake-horse power = 23 kw
(fig. 2 form,)

Estimated motor size 30 kw

Design operating load 34 kw
(fig. 3 forn,,)

Estimated weight 4000 kg

25 ton/hr Sos b gl aels Lawgs |, 8.5 Cp 4l j9Keny
Ot ‘) 4\...0.14 4“'1'7"’ 9 u"‘i" 4-’9—' wLZ.A o)“..\ﬂ oS JL°-"
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3 3

_,ton 1000kg 1hr  1Im" o 40 10-3M°
hr  Iton 3600s 820kg S
u,u-.L’>
m

Q:vsz%Dz — D=0.104m

D=100mm = v=1.08"
S

Re - ovD _ 820x1.08x0.1 10419

1 8.5x107
-5
& _ 46107 e 10 = f=0.03
D 0.1
2 2
ho=f=Y = ap, = f=pY—0.031x 0 820
D 29 D" 2 0.1
=14347 pa
—0.14.82"
100m

Table:0.05-0.1

1.08°
2
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GO o>

D=125mm = v=069"
S

Re =8321
f =0.036
Bar

Ap. =0.056
P 100m

Bar
00m

Table: Ap:0.05-0.1 "

v:0.6-1.00
S

. 3
wd.}

D=100mm = v=1.08"
S

Re =10419
f =0.03
Ap, =0.1422
100m
Bar
Table: Ap:0.2-0.45
100m
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D=80mm = v :1.69m
S

Re =13004

£ -575x10" =
D

f =0.03
Bar
100m

Ap, =0.422

Bar
100m

Table: Ap:0.2-0.45

vi.0-24M
S

(SO (o=
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5o le Lo 0,90 sl ooy
14240 kg/h = o > oo 05,5 55 @
5.2 kg/m’ = JB>
0.018 mPa.s = 4y ;45K
Po-Ykgh = L > cadi g5 Ju
4.8 kg/m? = J&>
0.013 mPa.s = ai ;6%

T137kgh = b,z cad i 295 mlo @
1305 kg/m? = J&>

0.9 cP = a5y
$9955 55
3
Q= 14240x——x 1 —0.76™
3600 5.2 s

Guess :v:25m = D=0.197m
S

D=200mm = v=242"

S
Re— 5.2x24.2xg.2 _14x10°
0.018x10
& 4.6x107

27T _23x107Y = f=0.019
D 0.2

2/5/2011

16



2 2
Ap = f £ oY —0.019x1% 5, 242
D2 0.2 2
_0.143%
100m
Bar

Table:Ap, =0.02-0.1

100m

Thenext guess:D =250mm = v= 15.5m
S

Table v =20—302
S

=9 )59
1 1 3

Q = 6503 x x—=0.376
3600 4. S

Guess:v=25" — D=0.138m
S

D=150mm = v=213"
S

Re=1.18x10°
£ _307x10" =
D

f=0.016

2/5/2011

17



2

L v Bar

Ap, = f —p—=0.12
Ps ) 100m
Table:Ap, =0.02-0.1—22"
100m

Thenextguess:D =200mm = v= 2
S

Table:v=20-30"
S

=9 b
ol o9 43 SG3 b g Sl j0 + el ees 42 (69959

Q= 7737 x——x—— —1.65x10"
3600 1305

Guess:v = 1m = D=0.046m
S

D=50mm = v=0847
S

Table: V:max.:O.Sm
S

2/5/2011
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The next guess :D =65mm = v =0.497m
S

Re = 46842
£ 27.08x10" =
D
f =0.024
L v? Bar
Ap, =f — p—=0.059
Pr D7 100m
Bar

Table :Ap =0.05-0.1

100m
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