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The HYDROPAD

The Hydropad was developed to provide fluid control in process piping systems. The results are pro-
tection for piping systems from the destructive effects of water hammer produced by quick closing
valves, pulsations from reciprocating pumps, and absorption of thermal fluid expansion. They have
also found wide usage as accumulators in hydraufic sysfems.

The Hydropad acts as a shock absorber for fluid in motion. The cushion it provides absorbs kinetic
energy, which provides the neccessary control of fluid dynamics. This is essential lo many systems.

The use of all metal, alf welded construction with the almaost limitless range of belfows sizes provides
unequaled flexibility of capacity for any system, maximurm safety to personnel, no maintenance require-
ments and the widest possible range of lemperature and pressure limilts. The Hydropad provides the
best performance possible.

How fo Order

To insure proper design and sizing of Hydropads for your system, as complete information as possible
on the system design and flowing liquid is needed. To make preparation of this material as simple as
possible, forms F-801 (Surge Suppression Data Sheet), F-802 {(Pulsation Dampener Data Sheet) and
F-803 (Thermal Expansion Data Sheet) have been included with this catalog. They are useful in
requesting engineering recommendations and quotations from Flexicraft Industries engineers, and also
for submittal when purchase orders are issued.

If you prefer, you may use the calculations provided in this catalog to select Hydropads, or simply refer-
ence the calculations to better understand Hydropad applications and sizing.

Flexicraft has been supplying industry with quality piping products for over 40 years. Qur reputation
for superior products and technical support sets us apart from our competition.

In addition to Hydropads, Flexicraft is a supplier of metallic and non-metallic expansion joints, braided
hose, expansion loops, and other specialty piping products using bellows technologies. For more infor-
mation or to order,

Contact us at:

FLEXCRAFT> INDUSTRIES

800-533-1024
(312) 738-3588 » (312) 421-6327 Fax

www.flexicraft.com

or contact the representative in your area - see back cover.



Applications

Pulsation Dampening

Systems that include posilive displacement pumps must control the pulsations that result from pump's stroking
action. The Hydropad is normally used on process lines to reduce the normal pressure and flow fluctuations.

Benefits : ] i
« Provides steady flow in product |" 1{ 1;’ W '”‘ 1{ \'( \  BEFORE
and proportioning additives 1
* Provides steady application in spraying 4]
* Ensures full suction stroke of pump eylinders a-.';a.“-.
* Eliminates splashing and foaming - el

Protects system componanis
e | AFTER

iy

Surge Suppression

Pipeline surges are created by sudden changes in velocity of the liquid flowing in the system. This surging is
often called “water hammer”, and can result in pressures of six times normal operating pressure. It can be
caused by quick closing valves, pump start up or shut down, back surge, and other system effects. Normal
Hydropad selection is made to reduce this sudden pressure rise (o below one and one-half times the operating
pressure of the pipeline.

Benefits 1 =
= Protects piping and fittings B 1_/\/\ BEFORE
* Protecis valves 1
» Protects meters and instrumentation .'>L1 "'? !
Te
L AFTER
1

Thermal Expansion

Ly )

]

usually an order of magnitude (or more) less than the coefficient for most fluids, conduit expansion is insufficient
Benefits
* Pravenis total loss of system pressure [:I:] ?
relief devices 3 AFTER

When the fluid in a closed system experiences an increase in temperature, the thermal growth of the fluid mani-
to absorb all the expansion of the fluid. Unfortunately, use of devices such as burst disks or pressure relief valves
* Protects against ruptured piping
when using relief devices = rau
Protecis against contamination of the ] J

fests itsell as an increase in pressure. Since the coefficient of thermal expansion for conduit/piping materials is
may cause other problems.
///Al BEFORE
and fittings from thermal expansion
Prevents loss of process fluid when using ] l
surrounding area when using relief devices I Ep g

-




Construction Defails

The Hydropad is a pressure vessel containing an inner

expandable and collapsible bellows assembly. A suitable o) :
connection is provided to permit liquid displaced from the '1 -
system to enter the inside of the bellows assembly. Inside Fa— e j
the pressure vessel and surrounding the outside of the bel- A

lows assembly, a suitable gas, usually nitrogen, is sealed at
a pressure equal to line pressure so that under normal flow-
ing conditions the internal and extarnal pressures on the
bellows unit are equal. The housing is designed to allow for
the expansion of the bellows within the shell as it absorbs
surges from the main flow line, thus preventing excessive
pressure and line shock.

All metal, all welded construction, using various steel and

stainless steel alloys and other metals as needed o meet

system requirements avoids the faulls of units using rubber ~
and other compounds in the flexible member. Standard |
Hydropads are suitable for almost any fluid such as: water, Nt
hydraulic fluids, all hydrocarbons having viscosities below ; e

10,000 s.5.u., liquefied gases, and a large number of corro-
sive chemical solutions.

All Hydropads are designed and welded to meet ASME
unfired pressure vessel codes. ASME code stamping and
Canadian registration are available. The attention to design
and fabrication details, together with the use of inert gas as
the precharging medium, assures maximum safety, particu-
larly in systems handling inflammable or explosive fluids.

Screwed, flanged or welded connections are available,

MATERIALS OF CONSTRUCTION

ALL STAINLESS
PART HYDROPAD STEEL
HYDROPAD
Bellows Assembly Type 316L Stainless Type 316L Stainless
Housing Carbon Steel Type 304 Stainless
Entrance Connection Type 316L Stainless Type 316L Stainless
Temperature Range -20° F. to +650° F. -325° F. to +1200° F.

Individual parts can be supplied with any weldable metal, including monel, iconel and others.



Selection Charfs

STANDARD SERIES HYDROPADS

200 PsI
MODEL NOMINAL GAS FLUID DISPLAGEMENT HOUSING ENTRANCE CONNECTION® APPROX.
ND. CAPACITY, C cu-in €y (Max) cu-in DIA H SIZE, NPS WT (LBS)
T 100 60 i0-1/2° 8 2" Nipple 70
12 200 120 10-1/2" 10" 2" Nipple 80
13 500 200 16" 10-3/4" 2" Nipple 140
14 1,000 600 16" 14" 2" Nipple 150
15 2,000 1,200 za 8 37 Flange 300
16 5,000 3,000 24 22-3/4" 3* Flange 350
17 10,000 6,000 36" 25" 4" Flange 570
175 25,000 15,000 42n 40" " Flange 2200
18 50,000 30,000 48 47" " Flange 3000
500 PSI
MODEL NOMINAL GAS FLUID SPLACEMENT HOUSING ENTRANCE CONNECTION® APPROX.
HO. CAPACTIY, Gouln =C'd (Mex)cu-in oA | H SIZE, NPS WI(es) |
21 100 B0 10-3/4" & ¥ Nipple 75
22 200 120 10-3/4" 10 2" Nipple 85
22 500 300 15" 10-3/4" 2" Nipple 175
24 1,000 600 16 14" 2" Nipple 185
Z5 2.000 1.200 24" 8 3" Flange 450
26 5,000 3,000 24" z2-3/4" 3" Flange 500
27 10,000 6,000 36" 25¢ 4" Flange 200
275 25,000 15,000 42" 40" &" Flange 2500
28 50,000 30,000 48" ar &" Flange 6000
1000 PSI
MODEL HOMINAL GAS FLUID DISPLACEMENT HOUSING ENTRANCE CONNECTION® APPROX,
NO. CAPACITY, C cu-in € 4 (Max) cu-in DIA. | H SEZE NPS WT (LES)
Y 100 &0 10-1/2" 9= 1* Flange 100
32 200 120 10-1/2" 10" 1" Flange 125
33 500 300 16" 12 1* Flange 250
34 1,000 600 167 14" 1* Flange 300
35 2,000 1,200 24" 18 1" Flange 600
36 50,000 30,000 24" 20 1" Flange 675
3000 PSI
MODEL NOMINAL GAS FLUID DISPLACEMENT HOUSING ENTRANCE CONNECTION® APPROX,
NO. CAPACITY, C cu-in C 4 {Max) cu-in DIA, H SIZE, NPS WT (LBS)
FT 100 B0 10-3/4" 13" 1" Flange 200
az 200 120 10-3/4* 17" 1" Flange 275
43 500 300 5" 14-3/4" 1" Flange 700

* Other connection sizes and types (nipples, welding ends, flanges) available on request.

Lilting Handles

2 Spaced 180" Aparl

Charging Valve

Carbon Steal -
Exlomal Housing
Linless Oribvrwise
Specified

All Matenal In Conact
With Lires Fluld 1s Stamndess
Steel Uniess Oiherwize
Specified
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Selection

Charts

MINIATURE SERIES HYDROPADS

500 PSI
NOMINAL GAS FLUID HOUSING
“f:gF" CAPACITY, C DISPLACEMENT, C mggi
cu-in {Max) cu-in DiA. H
160500 16 9.5 4-1/2" 2-7/8" 8
320500 32 19.0 4-1/2" 5" 13
1000 PSI
NOMINAL GAS FLUID
"ﬁgﬂ‘ CAPACITY, C DISPLACEMENT, C , HOUSHG :;P{fg;i
X cu-in (Max) cu-in | DiA. H
161000 16 95 4-1/2" 2-7/8" 9
321000 | 32 19.0 a-1/2" 5 14
2000 PSI
NOMINAL GAS FLUID
e CAPACITY, C DISPLACEMENT, C , HOUSING :'JPTTg;i
- cu-in (Max) cu-in DIA. H
162000 16 9.5 | 59716 | 4-1/4" 18
322000 32 19.0 | 59/16" | 7" 75
3000 PSI
NOMINAL GAS FLUID T =
"{’NEEL CAPACITY, C DISPLACEMENT, C , il f:r"m'
. cu=in {Max) cu-in DIA. H { )
163000 16 _ 9.5 5-9/16" 5" 16
323000 32 19.0 5-9/16" A 2
Charnging Prossurs
Valve \ == A Gouge
|
Slninless
Sipal
Balimes
T-316L 55
]
]
1
| \_ 1/2° NPT
T=316 57'S Indat
16 CLLIM. 32 CULIN.
MINIATURE MINIATURE




Installation

Important features of the Hydropad are its ease of initial
installation and lack of maintenance requirements, Once
the means of connection 1o the systems have been pro-
vided, it is only necessary lo connect the Hydropad by the
screwed, langed or wald end connection furnished, using
accepled procedures,

The housing should be located above the point of connec-
fion and installed vertically. Il horizontal or inverted verti-
cal instaliation is necessary, additional instructions can be
obtained from the factory.

Unless instructed otherwise, the Hydropad is pre-charged
with nitrogen at the factory to the pressure specified by
the customer, or as calculated from given system data. If
the customer wishes to pre-charge after installation, the
nitrogen gas pressure should be held o avalueof 310 5
psi below flow pressure as measured at the point of instal-
lation for surge suppression, or between B0 and 90% of
the mean pressure for pump pulsation dampening.

For assurance that the Hydropad has been properly
precharged at the lime of system start-up, follow these
simple steps:

Surge Suppressor Applications

a.  With Hydropad isolated from line pressure, note
reading on Hydropad pressure gauge. Pressure
should be 3-5 psi below line pressure.

b. Start up system.

¢, Again note pressure on gauge. Indicated pressure
shauld be 3 to 5 psi above that noted in (a).

d. If pressure does not increase, excessive precharge
pressure is indicated. Charging valve should be
apened and gas bled from the Hydropad housing.
When precharge pressure equals flow pressure,
gauge pressura will stop falling and charging valve
should be closed. (This should be done with syslem
on and valve(s) open).

e. Reseal charging valve and repeat steps (a) through
(c) to assure that precharge pressure (a)is 310 5
psi below reading oblained in step (c).

MNole: Under no circumstances should the bellows be
exposed to pressure more than 5 psi greater than the
precharge pressure at time of installation.

Note: If environmental tlemperature will be higher than
installation temperature, initial precharge pressure must
be adjusted to allow for the eflec! of increased lempera-
ture on the gas charge.

To precharge the Hydropad after installation, follow this
procedure:
a. Shut off line pressure (isolate Hydropad from line
pressure).
b. Attach gas charging chuck cc300 to charging valve.
e, Turn 3/4" hex swivel nut counter-clockwise a maxi-
murm of 3/d4 turn after resistance is lell to open.
d. Charge with nitrogen gas to pressure shown on
name plate or lo system pressure (flowing) as

measured at the point of installation. Use the latter
pressure when system flow pressure has changed.

e. Turn 3/4" hex swivel nut clockwise and apply 50 to
70in. Ib. lorgue to close.

Nete: Charging gas pressure should be adjusted to allow
lor eflect of a change in environmental temperature.

Pulsation Dampener Applications

Waming: Read all instructions carefully. Exposing the
inlet side of an undercharged Hydropad to line pressure
may damage unit. NEVER exceed the maximum operat-
ing pressure stamped on the nameplate of the vessel.

To ensure correct precharge, the Hydropad must be iso-
lated from line pressure. The normal precharge pressure
far pulsation dampeners is 80 to 90% of the mean pump
outpul pressure. For a pump with a mean output pres-
sure @ of 100 psi, the precharge should be between 80
and 80 psi,

With correct precharge pressure, the unit may be exposed
to line pressure. With the pump operating, the Hydropad
pressure gauge should read the mean output pressure

+ [ = the allowable variation in output pressure.

If the Hydropad is overcharged:

a. |solate the unit from line pressure.

b. Slowly turn the 3/4" hex swivel nul counter-
clockwise until nitrogen can be heard escaping
and the gauge pressure begins to drop.

c. When the correct precharge pressure has been
reached, turn the 34" hex swivel nul clockwise 1o
close and apply 50-70 in. Ib. torque.

If the Hydropad is undercharged:

a. Altach gas charging chuck cc300 to charging valve.

b. Autach nitrogan supply to charging chuck (1/8°
lubing comprassion fitting).

€. Turn 34" hex swivel nut on charging valve 3/4 turn
counter-clockwise to open valve.

d. Open valve on nitrogen bottle and increase
Hydropad precharge pressure lo required level.

&, Tum the 3/4” hex swivel nut clockwise lo close and
apply 50-70 in. Ib. torque.

. Disconnect nitrogen supply line and charging

chuck.
a—
RIGHT | |
Hydropad L"a__,____ff’r
Orientation — —
WRONG WRONG
7 N —h¥ l
i e - -
—rﬂf.:u—\'—
Y .-Rl -, -
A, —




Typical Specifications

Surge Suppression

Surge dampeners shall be installed upstream of all

quick closing or solenoid operated valves as noted on
drawings. Surge suppressors shall be Hydropads as
manufactured by FLEXICRAFT or equal, and shall consist
of a diaphragm-type stainless steel bellows unit enclosed
by an outer steel shell. Bellows shall be of mutiple-type
diaphragms, and heli-arc welded at the inner and outer
paripheries. Bellows shall be exposed intermnally to line
pressure and all material in contact with line fluid shall be
stainless steal.

Unit shall have sufficient volume between bellows and
auter steel shell to limit maximum surge pressure to 1-1/2
times normal ling pressure or (o vaiue noted, whichever is
lower. Unit shall be filled with nitrogen gas between bal-
lows and steel shell. Nitrogen gas pressure shall be 3 o
5 P5IG below the normal line pressure al point of installa-
fion under normal flowing conditions. Hydropads should
be as close to the valve as possible, and in no case fur-
ther than & feet from the valve.

Pulsation Dampening

Pulsation dampeners shall be installed at outlet of pump
or manifold as noted on drawing.

Pulsation dampeners shall be Hydropads as manufac-
tured by FLEXICRAFT or equal, and shall consist of a
diaphragm-type stainless steel bellows unit enclosed by
an outer steel shall.

Bellows shall be exposed internally to line pressure and
all material in contact with line fluid shall be stainless
steal.

Unit shall have sufficient volume between bellows and
ouler steel shell to limit pulsation 1o values noted on draw-
ings. Unit shall be precharged with nitrogen gas.

Thermal Expansion

Thermal Expansion Units shall be Hydropads as manu-
factured by FLEXICRAFT or equal, and shall consist of a
diaphragm-type stainless steel bellows unit enclosed by
an ouler steel shell,

Bellows shall be exposed internally to line pressure and
all material in contact with line fluid shall be stainless
steel,

Unit shall have sufficient volume between bellows and
ocuter sleel shall to limit pulsaticn to values noted on draw-
ings. Unit shall be precharged with nitrogen gas.



HYDROPAD
SURGE SUPPRESSOR FORM

Customer Date
Street Address
City State Zip

Hydropad Surge Suppressors are designed to reduce the pressure rise or water hammer in a piping system
caused by quick-closing valves. A value of one and one-half times the normal operating pressure of the system is
used for design purposes unless a closer value is specified by the user.

I ;

| =

Fi

1. Type of fluid in line:
2. Pipe size in. NPT; Type {Schedule 40, Standard, etc.)
Length ___ ft.

MOTE: If there is more than one pipe size in piping run, show pipe size and length of each section
from valve 1o point of origin.

3 Discharge rate in gal./min. or velocity in ft./sec. at valve: gpm
ft./sec.
4, Flow pressure at point of installation of Hydropad: psi.
B, MNormal line pressure or static pressure at point of origin: psi.
"B, Maximum allowable surge pressure: psi.
7. Style of entrance connection: (Flanged ) (Threaded __ )} (Weld Nipple ____);
Size: _in. NPT.

If this not known, furnish a drawing showing length and size of pipe, indicating all changes in direction
and rise and/for fall of piping, plus discharge pressure at point of origin.
If not answered, a value of one and one-half times normal line pressure will be assumed.

Submitted by

FLEYJCRAFT P> INDUSTRIES

2315 W. HUEBARD ST. « CHICAGO, IL 60612 « 312-738-3588 » FAX 312-421-6327



HYDROPAD
PULSATION DAMPENER FORM

Customer Date
Sireet Address
City State Zip

Pulsation dampeners are normally used in processing lines to reduce the normal pressure and flow fluctuations
associated with positive displacement pumps (piston types). Such fluctuations in many cases can be regulated to
1/2% above and below the mean operating pressure of the pump by installing properly sized Hydropads. More
frequently a variation of £10% is considered adequate, thus permitting the use of smaller Hydropads.

1. Type of pump (check one)
Simplex single-acting i
Duplex single-acting {
Triplex single-acting {
Quadruplex single-acting |

Simplex double-acting (
Duplex double-acting {
Triplex double-acting (
Quadruplex double-acting  (

e e
T o e S

2. Type of fluid:
3. Fluid operating temperature I
4, Bore of cylinder: in.
"B. Stroke of piston: in.
6. Design operating pump pressure psi.
T Pressure fluctuation permissible: % operating pressure or
(Maximum allowable pressure psi). (Minimum allowable pressure psi).
8. Style of entrance connection: (Flanged ) (Threaded ) (Weld Nipple ),
Size: _ in.NPT.
* If bore and stroke are not available, show discharge at pump gpm at rpm,

** If not answered, we will design for + 10% variation in operating pressure.

Submitted by

FLEXGRAFT P> INDUSTRIES

2315 W. HUBBARD ST. » CHICAGO, IL 60612 » 312-738-3588 » FAX 312-421-6327



HYDROPAD
THERMAL EXPANSION FORM

Customer Date

Street Address
City __ State Zip

Please provide the following information for accurate sizing of HYDROPADS as thermal expansion compensa-
tion chambers. MNote that although the English system of units is specified, any convenient system may be used
provided the units of measure are specified.

1. Initial pressure when system is blocked off at initial temperature psig.
2. Initial (lowest) temperature e

3 Maximum anticipated system temperature _®F,

4. Maximum allowable system pressure psig.

5. The net excess valume due to thermal expansion of the fluid cu-in.**

** If not known, then provide the following information:

5a. Coefficient of cubical expansion of the fluid between the lowest and highest temperatures
{°F.
5b. Coefficient of linear expansion of the conduil material (if not known, then specify the type of
conduit material) {°F.
5c. Line size in.
5d. Wall thickness of conduit or schedule number in.
Se. Line length ft.
6. If known, what is the bulk modulus of the liguid {for more accurate calculation) psi.

FLEXGFIAFT P> iNDUSTRIES

2315 W. HUBBARD ST. = CHICAGO, IL 80612 « 312-738-3588 » FAX 312-421-6327
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Calculations

2. SURGE SUPPRESSION

Exact calculations for pressure rise for any condition of
fiuid velocity, pipe length and time of closure are very
complex. A conservative ligure lor such pressure rise
may be obtained from this equalion:

FORMULA (1)
p, = B0V G

Where:

p, = Rise above inilial flowing pressure, psi.

V., = Initial fluid velocity, Ips

G = Specilic gravity of flowing liquid (See Table 1)

TABLE Il
PROPERTIES OF LIQUIDS
{at Base Temperature of 60°F.)
Specific

Liguid Er';:fm =
Ammonia {Saturated) at -2B°F. 67
Ethyl Alchohol {(100%) i)
Hydrazene (100%) 1.
Nitric Acid (Red or White Fumming) 1.54
Nitrogen (Liguid) at -321° F. .80
Oxygen (Liquid) at -298° F. 1.14
Sea Water 1.03
Fresh Water 1.00
Butane .60
Gasoline, Grade (115-145) .69
Gasoline i -]
Kerosene B2
Fuel Chl 90
JP-4 .80

The Hydropad provides a cushion of gas near the valve.
The greater the velocity of the fluid, the larger the gas val-
ume required to dissipate a sufflicient amount of kinatic
energy so thal pressure rise is reduced to a safe value.
From various gas laws we know that the gas volume
required is a direct function of the energy absorbed.

The total kinetic energy to be absorbed due to a change
in the velocity of the fluid from valve o origin may be
found:

FORMULA (2)

K = '3___2-“23_M'-‘~"'. = .97 GALV;

Where:

K = Kinelic enargy, f. Ibs.

g = Gravilational constant = 32.2 fl.'sec’

A = Transverse area of pipe, sq. fit.

L = Length of pipe, ft.

¥V, = Initial Fluid velocity, fps.

G = Specilic gravity of flowing liquid (see Table Il)

Mote: Where there are combinations of diterent pipe
sizes in a system, kinetic energy for each diamealter must
be calculated. Total energy to be absorbed is the sum of
these. Knowing initial fluid velocity for line size at the
valve, the velocity for other sizes of lines can be calculat-
ed as follows:

vy =(Rayv
! {AL Ve
Where!
A, = Transverse area of pipe (sqg. ft.) with velocity of
fluid WV,
Ay = Transverse area of new line, sq. fi.

Vi Velocity of fuid (fps) through line with area A,.

Note: Transverse areas for pipe diameters can be found
in Table VI, page 18.

EORMULA (3)

Calculations for Hydropad capacities involve pressure
ratio factor ¥ which is read from Chart |, page 16. This
ratio is determinad as follows:

P

Y = flgh

Where;

Pa = The flow pressure at valve (no surge) with valve
open and fluid flowing, psig.

P, = The absolute pressure = p, + 14.7, psia

Pm = The maximum surge pressure at valve. This will
always be higher than normal line pressure.
Unless a definite value is specified by the
customer, a value of 1.5 fimes normal line

pressure will be used, psig.
Pm = The absolute pressure = p, + 14,7 psia

Mote: Read Y from chart on page 16.
Alternataly;

=1 1 Py - q91-(1-(Poy’
Y M{ﬁ[{ﬁl 1-11 '[P—m.'r 1

n = 1.015 for nitrogen when calculating for surge
SUPPressors.
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Calculations

2. SURGE SUPPRESSION (continued)
FORMULA (4)

The required capacity, C. of the Hydropad may be found
as follows:

c=1728 %, cu.in.
PyY

The actual volume, C;, of liquid entering the Hydropad
must be less than the displacement capacity Cy noled for
the Hydropad chosen, as listed in column 3, pages 4 and
5.

FORMULA (5)

The actual volume, C,, of liquid entering the Hydropad
may be computed as follows:

Ca=C (1-{Pa) 'I TR
Pm

Exampla
Given: Assume instantaneous valve closure, atmospheric
pressure = 14,7 psia.

Gasoline (G = 0.7) is being pumped at 7.7 feet per sec-
ond through 8° standard weight steel pipe for a total of
1200 ft. If the initial pressure, pe, is 100 psig at the valve,
determing (1) maximum water hammer pressure, p, with-
oul a surge suppressor, (2) Hydropad capacity required (o
limit the maximum surge pressure, pm, 10 150 psig; and
(3) the displaced liquid volume, C,.

Solution:

From Formula (1)

P, = B0V,G=60x7.7 x0.7 =323 psig
p P + Py = 100 + 323 = 423 psig

From Formula (2)
K= .87 G.I“'-L"ul':_:= A7 x .7 x 347 x 1200 (7.7F

= 16,763 1. |bs.

From Formula (3)

Pm_150+15_ 165 _ 1 43
P, 100+15 115

Read ¥ = 8 (from page 16).

From Formula (4)

C=1728 K =1728 x 16763 _ 31485 cu. in.
P.Y 115x 8

From Formula (5)

5 1
C.=C [1-{Po) " 1.cu. in.=31485[1-( 115) 1.015
% [1-(Fe) " 1.cu. in (-5 ]

Recommandation:

Lise 200 psi Series, Model 18 (p,, = 150 psi)
Capagcily 50,000 cu. in. (C = 31485 cu. in.)
Displacement 30,000 cu. in. (C, = 9424 cu. in.)

3. THERMAL EXPANSION

COMPENSATION

FORMULA (1)
CD = AV cLL, i,

1. (P’

o )

Where.
AV = The excess fiuid volume which must be absorbed

cu, in,

P, = Tha initial system prassure psig
P," = P, + 14.7 psia

P; = The maximum allowable system pressure psig
Py = Py +14.7 psia
n = Polytropic exponent ol gas expansion

= 1.4 lor nitrogen

It the actual increase In fluld volume (AV) is unknown, it
can be determined as follows:

AV = V. - Vpouwin,

Where:

Ve = The net excess volume of fluid which takes into
account the expansion of the Huid and the conduit
due to an increase in lemperature.

Ve = The amount of volume increase of the conduit due
to the pressure increase from Py o Py.

In most cases, Ve <=V, and Vp can be neglacted without
significant loss is accuracy.



Calculations

3. THERMAL EXPANSION
COMPENSATION (continued)

FORMULA (3)
Ve = V, (Ty - To) (e, - 3e.) cu.in.

Where:

V, = The initial fluid volume at temperature T, and
pressure P cu. in.

Ty = The initial fluid temperature “F

Ty = The mazimum expected fluid temperature °F

e, = The efiective coeflicient of cubical expansion
of the fluid / °F

e, = The coefficient of linear expansion of the conduit
matarial / °F

If the increase in volume of the conduit due o the pres-
sure rise is 1o be considered, the following relation can be
used:

FORMULA (4)

Vo = ﬂanw:JE N _%}{P, =Pl - &(Ty - To)l cu. in.
=3

Where:

L = The conduit length Ft

d = The inside diameter of the conduit Ft

k = The bulk (volume) modulus of the liquid psi

e = The thickness of the conduit wall Ft

E = The elastic modulus of the conduit matenial psi

Example

Consider an 8" sch 20 type 304 stainless steel line 500 Fi
long, which is holding gasoline at 75 psig and 60°F. Itis
expected thal the line, when isolated, may experience
temperatures up to 120°F and it is desired to limit the sys-
tem pressure to 135 psig.

Py = 75psig P," = B8.7 psia
Py = 135 psig P; = 148.7 psia
Ts = 60°F
Ty = 120°F
L = 500 FT
d = B.126M2 = 0.677 R
e = 0.26M12 =0.021 Ft
= = 9.6 x 10°°F (For T-304 S/5)
e = 0.0006/°F (For gasoling)
k = 96000, psi
= (For gasoline al temperature T1)
E = 30x10° psi (For T-304 5/S)

Using Formula 4:

Vp = 432r(500)(0.677)(—1— + — 0.677

98000 {0.021)(30x10%)

{135-75)(1-0.0006( 120-60)]
Vp = 207 cu, in,

(This is the valume that the pipe has expanded due to the
pressure change.)

Using Formula 3:

Vo

Al=n T Lou, ft.
4
V. = = 0677 ¥ spo(120-60)
4

x {0.0006-3x9.6x10%) x 1728,

Ve = 10659 cu. in. (This is the excess volume of
liquid which is not accounted for by the thermal

expansion of the conduit.)
Using Formula 2:

AV
AV

10659-207
10452 cu. in.

Using Farmula 1:

Ce = _‘5452 cil. in.
1-(B8.7, 0
149.7

C, = 3414 cu. in,
Use a model 18 Hydropad precharged to 75 psig.

Mote that the volume stored in the expanded pipe due to
the pressure increase {‘u'p: is only 2% of the total excess
volume. Thus, if ‘u’rJ is neglected, the required Hydropad
capacity would increase by only 2% for this application.
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CHART | - PRESSURE RATIC FACTOR

¥ |h-ulu%:'a-uwm|:|
Ll 15 20 an an 50 60 T B0 &0 100
5 1 1T ]
Useful Equivalents ! :
4 : f 5
1 Imperial Gallon = 1.2 U.S. Gallon CACHR ! (I | [P 1 o lI LA
1U.S. Gallon of Water = 8.34 Pounds il o
1U.S. Gallon = 231 Cubic Inches 3 == i PR R
1liler = 2641 U.S. Gallon | | o]
1 Cubic Fool of Water = 62.4 Pounds =0l H T
1 Cubic Meter = 35.31 Cubic Feet = IS T T |
1 Pound per Square Inch = 27.7 Inches of Waler v 2 I I T
1 Pound per Square Inch = 2,042 Inches of Mercury LT |
1 Cubic Foot of Air = .076 Pounds ________...--"""
‘-Std‘ PFESEMTE‘I'I'HJ}I -
1 Pound of Air = 13.1 Cubic Fesl
(Std. Pres. and Temp.)
1 Cubic F. of Matural Gas = 1000 BTU (Approx.) : |
1 Cubic Fool = 7.48 U.5. Gallons 1 2 1 4 5 & 7 B 910
Y |ru»u.-q.:|.;_'.1—|1—.p-1';|

TABLE Ill - CONVERSION TABLE OF PRESSURE
Multiply known pressure units by factors given Below to obtain ihe required pressure unit

KHOWN REQUIRED PRESSURE UNIT
UNIT FOUNDS OUNCES MILLIMETERS KILDGRAMS INCHES IHCHES FEET CENTIMETERS
PER 50, IN. PER 50, IN. OF HG. PER 50. CM OF WATER OF HG OF WATER OF WATER
Centamatars Head of Water 0.014209 D.22734 L3631 0.00059302 0.39370 0.029012 C.32808 1
Feet Head of Water 043310 6.0296 22.461 O.030451 12,000 0.88430 1 30,480
inches Head af Mercury Q48977 T.B364 25.400 0034434 13.570 1 1.1308 34.468
Inchis Haod of Watar 0.0360%92 057747 1.8718 D.00Z5375 1 0.073692 0.083333 25400
Kilpgrams per 5q. Centimator 14223 | 227.57 737.63 1 394.08 29.041 32840 1001.0 |
Milmaters Hesd of Hy. 0.019282 030852 I 00013557 0,53425 0,039370 | 0044521 1.3570 |
| Ounces par Sa. nch |_0.062500 1 3.2414 00043842 1.7317 0.1 2761 0.14431 4.3985
Pounds per 5o, Inch ! 16.000 51.862 0070308 | 27707 20418 23089 70376

Table based on  (Waler of 80°F. - 52,367 lbs.fou. i)
(HG b $0°F. - 844.32 Ibs.fcu. ft.)
Al Sea Lovel, Absolule Pressure = (Gauge Prassure psig) + 14.696
Temperature 1. Toconverd femperatune in degrees Cenfigrode ('C) to degrees Fahrenhad (*F), use the iolowing fomuion *F = "Cx 1.8+ 32
2. Foi stoam. 1he deghee of suparheat i tho alference bahween fhe ochueal lempenature and the sohutafion seom iempeatus

TABLE IV - FLOW CONVERSION
Mulfiply the known flow in the tabulation batow by the factors listed to obiain flow In desired flow unils

KO DESIRED FLOW UNITE
FLOW aPm GALLONS GALLONS CU. FT. CL. FT. BARRELS BARRELS BARRELS
PER HOUR PER DAY PER MIN. PER HOUR PER MiN. PER HOUR PER DAY

GPM 1.00 ED 1440 01337 8021 D238 1.429 34.29
Gallans/ Hour 01 GEF 1 24 D0z228 01337 L0297 O23E L5714
Gallens, Day 00634 a7 ! | .0oo0szs LOSST | 00001653 D0Cna2 L238
Ci. Fr./Min 748 448.8 107712 1 &0 o178 10,69 2565 |
Cu. Ft/Hour 0.1247 748 1ra.s L1667 1 L2968 01781 4274
Barreis Min 42.00 2520 GO4BD 5.615 136.9 1 1] 1440

| Barrels/Hour 0.7 42 1008 0936 5,615 01667 1 24

BarrelsDay L2any 1.75 42 003890 0.234 000654 0417 1

HKate: The bamel In the chove fobulotion s equivalent to 42 U.5. gallons, which is stondand for petroleum procucts
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TABLE VI - TRANSVERSE AREA IN S&UARE FEET FOR STEEL & STAIMLESS STEEL PIPE
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GRAPH 1
SIMPLEX SINGLE-ACTING PUMPS
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GRAPH 2 GRAPH 3
SIMPLEX DOUBLE-ACTING & DUPLEX DOUBLE-ACTING PUMPS

DUPLEX SINGLE-ACTING PUMPS
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Terms and Conditions

1. All quotations are subject to approval,
acceptance and correction at the home office
Any errors in quotations resulting in orders will be
corrected and re-submitted to the customer for
their acceptance or refusal.

Mo prices may be made up from information other
than that shown in the tables.

2. All prices are F.O.B. factory, Chicago, lllinois,
are are quoted exclusive of any taxes,

Shipments boxed for trans-ocean export add
10% to total trade price.

Terms: MNet 30 days from date of invoice.

3. Cancellation or alteration of an order or return
of any product by Buyer may not be made without
advance written consent of manufacturer and
shall be subjected to a cancellation charge.

A 35% minimum restocking charge shall be
placed on any returned goods,

4. We will not be responsible for delays in
shipping due to conditions beyond our control
such as strikes, fires, or accidents.

5. Any claims for shortages or damaged
products must be made in writing within 10 days
after receipt of shipment.

6. Prices subject to change without notice.

Design and Dimensional Specifications

The producis illustrated reflect the design
characteristics at time of printing.

Flexicraft reserves the right to change
dimensions, materials, or methods of construction
without notice. Please contact the factory for
certified prints (exact dimensions) when
necessary.

Limited Warranty

All products are warranted to be free of defects in
material and workmanship for a period of one
year from the date of shipment, subject to the
limitations below.

If the purchaser believes a product is defective
the purchaser shall: (a) Notify the manufaciurer,
state the alleged defect and request permission lo
return the product. (b) If permission given, return
the product with transportation prepaid. [f the
product is accepted for return and found o be
defective, the manufacturer will, at its discration,
either repair or replace the product F.O.B. factory,
within 80 days of receipt, or refund the purchase
price. Other than to repair, replace or refund as
described above, purchaser agrees that
manufacturer shall not be liable for any loss,

cosis, expenses or damages of any kind arising
out of the praduct, its use, installation or
replacement, labeling, instructions, information or
technical data of any kind, description of product
or use, sample or model, wamings or lack of any
of the foregoing. NO OTHER WARRANTIES,
WRITTEN OR ORAL, EXPRESS OR IMPLIED,
INCLUDING THE WARRANTIES OF FITNESS
FOR A PARTICULAR PURPOSE AND
MERCHANTABILITY, ARE MADE OR
AUTHORIZED. NO AFFIRMATION OF FACT,
PROMISE, DESCRIPTION OF PRODUCT OF
USE OR SAMPLE OR MODEL SHALL CREATE
ANY WARRANTY FROM THE MANUFACTURER,
UMNLESS SIGNED BY THE PRESIDENT OF
MANUFACTURER. These products are not
manufactured, sold or intended for personal,
family or household purposes.



