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Velocity, Pressure Drop, Pine Wall Stress and Wall Thickness
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Codes - ANSI B-31l.1 Power Piping Code
= ASME - Boiler & Pressure Vessel Code Section I
~ ANSI B-31i,7 Nuclear Power Piping

References - Crane Technical Paper 410

Properties of Fluids, ASME Steam Tables, 1967
1 - Velocity =~ Use for prcliimlnary‘ or approximate size only.
... Available pressure drop to be used for final sizing,
! v 3,056
dZ
V = Velocity, ft;/min
W = Flow,-1b per hour

"W
60 A

V=

d = Average inside diameter of pipe, in.

v = Specific volume, cu £t/1b, at estinzted average operating conditions

A = Cross-sectional arca based on 2verace inside diamater, sq £t

See Sheet 2
Rane2 of Velocities for Numbered
Item Fossil Fuel Nuclear dotec Balew |
Main Steam 10,000 to 20,000 ft/min 5,000 to 10,900 £t/=in 2&3
- Hot Reheat 6,000 to 20,000 ft/min * 2& 3
’ Cold Reheat 5,000 to 15,000 ft/min * 2&3
Boiler Fecd Discharge 10 to 25 ft/scc * 3 .
Boiler Fecd Sucticn = 4 to 7 £t/sec ! * oy 1
! Deaeration Installation
f “*Condensate Pump 8 to 15 ft/sec *
it J Discharge
- H Condensate Pump St.ction 2 to &4 £t/scc * 1&4
QO Heater Drain - Upstrecan 4 to 7 £t/scc - (No *
;28?_ of Control Valve Flashing)
g‘g Heater Drain - Down- 4,000 to 20,000 ft/min . * . 4
no streau of Control (Flashing)
o B} Valve -
fg || .Heater Drain Pump Dis- 8 to 15 ft/sec *
e, charge = : °
‘88 }1 Heater Drain Pump 2 to 4 ft/sec * 1
T Suction . .
;E’.m f{ * Same Range of Velocities as for Fossil Fuel
a8 ** Also for Boiler Fead Sucticn in a Deaaracring Condenser Installaticn
! These Stondsrd Lesicn Criterés shal! gpoly to sublect eanipent of syster as @ generc! quite. On specific
projects spaciol critene may by recuirsd or specilied by the controct. In Ohou coses omyluo uhuh
t‘b "« sholl be opproved cnd reco da..' a0 Non-Standard Crdaria s hosts, * . .
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1 - Velocity (Cont'd)

Range of Velocity See Numbered
Item . _Fossil Fuel Nuclear Notes Below
Extraction Steam - Superheated 7,000 to 15,000 ft/min * 5
Extraction Steam - Saturated 4,000 to 10,000 ft/min * 5&8
Extraction Steam - Wet 4,000 to 7,000 ft/min * 5
Misc Steam Service - 7,000 to 20,000 £t/min *
Superheated
Misc Steam Service - Saturated 4,000 to 10,000 ft/min *
isc Steam Service - Wet 4,000 to 7,000 ft/min *
Misc Water Service - Normal 4 to 10 ft/sec (depend- *
. ’ fng on material selected; ™ - -
use 4 to 5 ft/sec for
brass, and 7 to 10 ftlsec
» for steel)
Heavy 04l ) (not applicable due to viscosity variation) 6&9 R2
Light 011 4 to 10 ft/sec * 7
Fuel Gas - Nominal 100 Psig 7,000 to 16,000 ft/min *
Fuel Gas 250 Psig 3,000 to 8,000 ft/min * R2

otes: 1 - Use this velocity range unless the velocity or resultant pressure drop, is
limited by‘the NPSH requirements of the pump,

2 - For main systems, the pipe line sizes shall be based on an economic balance
of pipe costs versus pumping costs, For computer program use Pipeline Sizing
Program No, 059,

3 - For minor systems and miscellaneous small lines, the pipe 1line sizes ghall
be the smallest pipe that can be used with a pressure drop less than 2 psi
per 100 equivalent £t,

4 - Drains to condenser and/or drains going to lower pressure heatet will be &
£flashing mixture with velocities not to exceed 20,000 ft/minute,

5 - The maximum pressure drop in each system should be approximately 5 percent
of extraction steam inlet pressure corresponding to the Maximum Calculated
* (or Expected) capability (or Valves Wide Open Capability),

6 - The pressure at the pump suction must be at least 1 psi above atmospheric
pressure,

« The pressure at the pump suction must be .above atmospheric pressure,

7
8 = The velocities in large diameter low pressure stage extraction steam lines
may be as high as 20,000 £t/min,

=~ Refer to Hydraulic Institute Standards curves for pressure drop charts at
various viscosities, .

* Same Range of Velocities as for Fossil Fuel

(V. I

These Standord Design Criteria sholl apply to subject equipment or sysiem et @ gene ol guide. On .p“mg
sholl be opproved and ucodcd on Non-Stondord Criteria sheats.

projects speciol criterie moy be tequired or specified by the controct. In those coses appropricte criteria
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CQUIPMENT AND/ON sv8TEM
2 - Pressure Drop - The first calculation for pressure drop should be based on a reason-
able velocity in the pipe line, If the calculated pressure drop
in the system is more than 107 of the outlet pressure, then recal-
culate the pressure drop in the system in sections. Each section
should be approximately 100 equivalent feet,

The pressure drop in the system can be changed by selecting a dif-
ferent velocity, line size and using more than one pipe for the
total flow or any combination thereof.

2

Use the Darcy equation H = £
; ‘ 8
. drop for the pipe run:

<

in the following form to give psi of pressure - ..

oir
Nl

3.36 x 108wl v L

S

. . = ‘
- d
’ H = Pressure drop, ési

f = Friction factor - See Crane (Technical Paper 410
{ Copyright 1957) pp A-23, A-24 and A-25

L = Pipe Run in equivalent lineal feet - See Crane pp - A-27,
A-30 and A-31 for determining equivalent length of bends,
valves and fittings

v = Specific volume, cu £ft/1lb, at estimated average operating
conditions .

W = Operating flow rate at cperacing conditions, 1lb/hr
d = Average inside diameter of pipe, inches

w

Average value for £ for commercial steel pipe for turbulent {low may be obtained by
using the following formula developed from the curve shown on Crane page A-23:

) : £ = 20,92 x 10~ x ¢"0-1901

£ » Friction factor
d = Average inside diameter of pipe, iiches

Combining these equations, the equation for calculating pressure drop 18.

-8 2
H= 2.029 xslgg W vk (for fully turbulent flow only)
.ac
Thase Stondard Daugn Criterio shall apply to subject equipment or systemes @ .omf':ahh On lncm.c
projects speciel criteria may be required or speciliad by the contract. In those coses sppropricte crierle
i G shall be opproved end tecorded on Non-Stondard Criterio shests. .
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EQUIPMENT AND/OR BYSTEM

2 - Pressure Drop (Cont'd)
The average inside pipe diameter ‘for any specified pressure drop in the system can be
calculated directly by transforming this equation to:

1
4 [7.029 x10°2 Wy L] 5.19
- - m

Note: For determining the pressure drop in standard weight (Schedule 40) pipe for cold
water and compressed air systems, use the tables as shown in Crane pp B-14 and

be calculated in accordance with the above.

sure drop to cowmpensate for compressibility of the fluid.

Compensation is not normally required for boiler feed pump discharge systems.

ditional Notes

& - Maximum pressure drop

»

(1) Main Steam - 90 percent of allowable pressure drop at Maximum Calculated (or
Expected) Throttle Flow between superheater outlet and high pressure turbine
inlet. :

(2) Hot Reheat and Cold Reheat - 100 percent of.allowable pressure drop at flow
corresponding to Maximum Cglculated (or Exp;ctgd) Throttle Flow between high
pressure turbine outlet and low pressure turbine inlet minus pressﬁre drop
through reheater,

Approximate ratios - pressuée drop in the hot reheat piping is between 2 and

from economic evaluations.

1 PSI pressure drop plus or minus static head. From control valve outlet to

its downstream receiver use 3 PSI pressure drop plus or minus static head.

These Stondord Dessgn Criteria shall apply’te subject aquipment or"s¥ites a5 e ganeral guide. On specific
(Projects spaciol critetio moy be tequired or speciliod by the contrect. In those coses opprepriote critaria
I\oll be opproved onducodcd on NomStondard Criterio abeets. .

£V: (General) (,‘/22/71) . /,_ £8AICO THERMAL ACCOUNT NO. 8.1~

B-15 respectively. For other than standard weight p!pé, the pressure drop tmust ~ --

For highly pressurized systems, it may be necessary to adjust the calculated pre-

4 times the pressure drop in the cold reheat piping, based on typical results

(3) Heater Drains - Preliminary Line sizing at flow corresponding to Maximum Calcu-
lated (or Expected) Throttle Flow « From receiver to control valve inlet, use

e o —
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CQUIPMENT AND.OR SYSTEM
2 - Pressure Drop (Cont'd)

3 -

®

&4

2 - Maximum pressure drop (Cont'd)
(3) (Cont'd)
For heater drain piping from the outlet of the control valve, the suggested
pipe schedule shall be one schedule heavier than the standard weight 7
schedule. The suggested'materkal shall be chrome molybdenum in accordance
with ASTM A-~335 Gr P 11. The pipe run of the heater drain piping from the
control valve outlet shall be ds short as possible.

. {4) Extraction Steam -~ 100 percent of allowable pressure drop between turbine
‘nozzle and extraction feedwater inlet nozzle at flow corresponding to
Maximum Calculated (or Expected) Throttle Flow.

Pipe Wall Stress ]

See the applicable codes for the allowable pipe wall stresses.

Use straight liae interpolation for stress values falling between various temperature
f{ntervals indicated in the Codes. ' |

- Minfimum Wall Thickness - See Note (a) on Sheet 6

Use the following equations:
Based on OD Based on ID - See Note (b) on Sheet 6

XD __ . . ¢ o PX 1D+ 2 SEC 4+ 2yPC
" 2(SE + Fy) m 2 (SE+ Py - P)

t + B

ID = Maximum inside diameter of pipe, in. . .t

D = Maximum outside diameter of pipe, in. ik

P = Design pressure, psi
tn = Calculated minimum ?ipe wall thickness, in. - See Note {c) on Sheet 7 .

SE = Allowable stress in material due to internal pressure at the design
temperature, psi.

C = Allowance for minimum structural scability
= 0,065" for 1/2 to 3-1/2 in. nominal pipe size
= 0.000" for 4 in. nominal pipe size and larger
>

These Stondord Design Criterso shall opply to subject aquivrent or system os o general guide. On specilic
projects spaciel ctitetio moy be required or specilisd by the contract, In sthose cases cpprepun. criterio
sholl be opproved ond tecorded on Non-Stondord Criterio sheets.
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LQUIPMENT AND/OR SYSTEM

4 - Minimum Wall Thickness (COnt'd)

B = 038" for pipeh ordered to specified machined 1D with tapered backing ring and
extruded pipe specified by ID with tapered backing ring.

= ,000" for the above pipe with flat backing ring or other types of pipe with

. any design guide M-4 backing ring.
y = a coefficient having values-as follows:
Tem F 900 and Below 950 1000 1050 1100 1150 and Above
*Ferritic Stecls 0.4 0.5 0.7 0.7 0.7 0.7
*tAustenitic Steels 0.4 0.4 0.4 0.4 0.5 0.7

Notes: (a) - For atmospheric or open ended discharge the internal and thrust forces "’
shall be factored into the determination of the inlet nozzle pipe size
and its corresponding minimum wall thickness. See Design Guide M4-23
for specific design of Nozzles for Safety and Relief Valves.

(b) -~ Use maximum possible inside diameter allowable under the ASTH specifica-
tion with all its tolerances on wall thickness and outside diameters,
except for the following:

For Pipe Ordered to Specified Machined ID
For tapered backing ring use maximum machined ID = ID + .086"
For flat backing ring use maximum ID = ID + .O1"

[vS
L]

i1

- Por Extruded Pipe Specified by ID

For tapered backing ring use maximum machined ID = ID + Mfr ID Tol
' + 076"

For flat backing ring use maximum ID = ID + Mfr ID Tol
. . 1y

[ g
]

it

Cameron Extruded Pipe Mfr ID Tol

6" to 22% ' 4 1/8" - O% .
Over 22" to 30" + 5/32" - O% )
Over 30" to 42" 4 3/16 - O"

(c) - (Sce page 7)

* Carbon steel and intermediate, Croloys (Chrome Holy)
%k Stainless Steel

‘>

>

These Stondoed Design C'lf;cio sholl apply to subject aquipment or system as o generel guide. On specific
projects special criterio may be required or specilied by the controct. In those coses approgriote criteria
sholl be opproved and recorded on NonStondard Criteric sheets.
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EQUIPMENT AND, OR SYSTEM

(c) - Select nominal wall thickness of pipe by adding mill tolerance to
calculated minimum wall, and choosing the next highest standard wall
thickness available from Manufacturer.
pipe is 12-1/2 percent of nominal wall thickness, and for plate pipe is

-

These Stondord Design Cdnne shall opply to subject equipment or system as @ genecal guide. On specific
projects speciol criteria moy be required or speciliad by the contract. In those coses oppropriste critetio
shall be opproud ond recordad on Non-Stondard Crnterio sheets.
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