FLUIDS/SOLIDS HANDLING

Winter's Coming - Use
Freeze Protection Valves
to Keep Lines Flowing

These valves save
piping, fittings, and
equipment from
freeze up and po-
tential damage.
Here are sdlection
guiddines and
calculation methods
for 9zng.

Nick Tallos,
Therm-Omega-Tech, Inc.

reeze protection valvesare effec-

tivein preventing freeze damage

in process lines. Unlike steam or

electric tracing, which require
power and can cause water to overhesat,
freeze protection valves operate by sim-
ply draining or bleeding water asthetem-
perature approaches freezing.

Thispreventstheformation of icethat
can clog lines, shut off flow, and cause
pressurewithinthelineto build, cracking
pipes, valves, and fittings, aswell asdam-
aging equipment (Figure 1). Damage due
to ice formation can incur costs for re-
placement partsand labor, and reduce pro-
ductivity dueto shutdowns.

Nonetheless, freeze protection valves
do not necessarily completely prevent the
formation of ice. In some cases, ice may
dtill form asalayer ontheinside of apipe.
This actudly acts asagood insulator, re-
ducing further heat lossto the cold outside
air. Also, if the ice does not completely
block the pipeor equipment flow area, no
damage will occur. Damage dueto freez-
ingiscaused when apipeor flow passage
inequipment iscompletely blocked. Then,
asadditiona iceforms, the expansion as-
sociated with theiceformation compresses
the water and causes a dramatic increase
intheinterna pressurein the line. When
the pressure exceeds the strength of the
pipeor housing, thesewill bresk.

Valves vs. tracing

When to use tracing - Tracing is re-
quired when the temperature to be main-
tained is above the resupply water tem-
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perature; that is, when additional hesat in-
put is required. Use tracing if the com-
plexity of the equipment layout makes it
difficult orimpossibleto properly bleed or
drain the system. Also, tracing should be
usedif thedischargefrom bleeder or drain
valves presents a handling problem. This
may be the case in plant areas where all
dischargesmust be controlled or reported,
or where discharge treatment problems
and expenses outweigh the benefits of
bleeder/drain valves.

When to use valves - Valves are gen-
erally more economical to instal and op-
erate than tracing. Use vaves in remote
plant areas where steam or electricity are
not availableand the cost to providethem
is high. Also, use valves when potentia
overheating from tracing isaproblem. In
critical applications, where power failures
will cut off electric or steam tracing, se-
lect self-operating valvesaseither thepri-
mary or backup freeze protection system.

When sdlecting the freeze protection
valvethat isappropriatefor your applica
tion, a variety of other factors must be
taken into account. Specify avalvethatis
not large enough, for example, and the
system may not be ableto eiminate cold
water quickly enoughto prevent freezing.
Specify too few valves, and your system
could be plagued with "dead legs," areas
that theinstalled valveswill not beableto
protect.

How these valves work

As dready noted, freeze protection
valvescaneither bleed or drainwater from



the system to be protected. The
method used depends on whether you
have aresupply or fixed volume type
of system.

Such protection aso can be pro-
vided with standard valves by having
an operator open a vave enough to
drain the equipment entirely, or crack
it opento prevent freezing, and closing
it once the danger has passed.
However, manua operation is
impractical whenthe cost of la-
bor and the potentia for human
error are taken into account.

Automatic freeze protection
valves eliminate this problem.
These valves contain a tem-
perature-sensitive material that
contracts when exposed to wa
ter temperatures between 40°F
and 35°F. This contraction al-
lowsthevalveto open so water
canflow. Asthewater tempera-
ture in the valve approaches
40°F the thermal materia ex-
pands and closes the valve. In
this way, cold water is eventu-
aly bled from the system and
replaced by warmer resupply
water, keeping the water in the
system at about 40°F or higher (Fig-
ure 2). If no warmer resupply water
enters the system, the freeze protec-
tionvavetypically staysopenuntil all
water in the system is drained.

Fixed volume systems

Fixed volume systems, such as
water storage tanks, water-cooled
engines, or cooling-tower pumps, con-
tainjust that - afixed volume of water.
To prevent freezing, these systems
must becompletely drained when tem-
peraturesarelow enoughto dlow ice
to form. This can be accomplished by
ingtalling freeze protection valves at
low pointsin the system.

The rate at which draining must
take place is determined by dividing
the volume of water by the required
draintime. Whilethe volume of water
isusually easy to determine, draintime
can be estimated based on experience
with the equipment in use, aswell as
onlooking at local wegther conditions.

Tocalculatethedraintimerequiredto
prevent freezing, heat loss from the
system must be determined. A calcu-
lation may aso be employed to esti-
mate the rate at which the water will
cool, based on exposed surface aress,
and air and water temperatures. Also,
thedigtribution of thewater inthesys-
tem affects the pressure head avail-

able for draining. Since pressure is
importantindeterminingthedraintime,
uneven distribution of water at vari-
ouselevationsfurther complicatesca-
culations. In many cases, aconserva
tive, safeedtimateof therequired drain
time or an estimate based on experi-
ence or tests gives more-reliable re-
sults. Tests can use thermocouplesto
determine a cooldown temperature
profile, aswell as measure the actua

M Figurel.
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draintimefor areal system. Together,
such datawill show how to safely pro-
tect a system.

A smple, but ssfemethod of freeze
protection is to wait until the water
approaches the freezing temperature,
andthendrainitasquickly aspossible.
Applying the correct freeze protection
valves is then a matter of sizing the
valves to achieve the desired
flow rate. Divide the desired
flow rate by the square root of
the average pressure head in b/
intogiveC,, therequiredvave
flow coefficient, and then choose
afreeze protection valve with a
Cv, of at least the calculated
vaue.

Resupply calculations
Most water piping systems and
some types of equipment are
connected to a continuous
source of supply water. Ex-
amples of resupply systems are
process, utility, potable, and
safety shower water, as well as
some fire protection sprinkler
piping. The source of resupply
is typically underground water
systems that are insulated from cold
ambient temperatures. The tempera-
ture in underground mains is usually
well above that in the exposed piping
parts of the system, typically above
40°F in even the coldest weather.
Freeze protecting these systems in-
volves bleeding off the near-freezing
water from the exposed piping and al-
lowing the system to refill with the
warmer resupply water.
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Designing the correct freeze protec-
tion on a resupply system considers
two factors: determining the heat loss
of theexposed piping and establishing
bleed flow through al sections of the
system to eliminate dead legs. The
warmer resupply water must then be
bled through the exposed piping fast
enough to provide heat to offset the
heat lossto the cold ambient tempera-
ture and keep the system above freez-
ing. Thefactorsthat determinetheflow
needed to prevent freezing and cor-
rectly sizethefreeze protectionvaves
required for thisflow rate are:

 Exposed pipe surface areg;

» Minimumambient temperature;

* Resupply water temperature;

* Pipeflow areg

* Efficiency of insulation, if any,
onpiping; and

» Water pressure.

A smplified formulathat combines
the piping heat lossequations, the heat
gained from the incoming warmer

W Figure2.
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water, and theflow required to achieve
the desired heat gain is given below.
This formula determines the flow re-
quiredto prevent freezing:

GPM = [A1A2(05tw -t
16)]1401cE(t, - 32)] (1)

where:

GPM =water flow, gal/min
A = pipeflow areq, ft?
A= exposed pipe surface area, ft2
t, = minimum temperature

of resupply water, °F
t,=minimum air temperature, °F
d=1D of pipe, ft.

Thismethod yieldsaconservative
answer giving more flow to prevent
freezing than is actually necessary. A
contributing factor is that, even after
water reaches 32°F, it will not freeze
until thehest of fusonisreleased, 144
Btu/lb. Another assumption is that
enough wind wipeispresent such that
the boundary layer at the outside sur-
face of the pipe or equipment is dis-
rupted, which gives the highest heat
loss figures. Equation 1 was derived
based on heat loss and flow calcula
tions.

Size and number of valves
Oncetheflow required to prevent
freezing is established, the size and
number of valvesmust be determined.
Inasinglerunof piping, theautomatic
bleeder valvescan besmply installed
at thefar end of thepiping. If multiple
valves are needed to achieve the re-
quiredflow rate, al of thevavesshould
be installed at the far end to assure
required flow through the entire pipe
length. Onamoretypical systemwith
many branches, a bleeder valve must
be installed at the far end of each
branch. Tests indicate that dead legs
as short asacouple of pipe diameters
can freeze even if water is flowing
through atee at the junction with the
main line. This may result in sizing
valves that handle more than the cal-
culated flow, but it isimportant to sat-
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ify both criteria handling therequired
flow and eliminating dead legs.

The formula for determining the
number and size of the freeze protec-
tion valvesneeded isbased on theflow
rate requirement and system water
pressure, from which the flow coeffi-

cient C, can be caculated:
Cv = GPM/(AP)Y2 2
where:

GPM =isfromEq. 1
AP = pressure drop, ps.

Since, in most applications, the
freeze protection vaves discharge to
atmospheric pressure, the pressure
drop isthetotal water pressure. From
thecalculated required C, chooseany
combination of freeze protection
valves that will equal or exceed that
value. The C,'s of freeze protection
vavesarepublishedinthevavemanu-
facturers product bulletin sheets.

Note that while self-operating
freeze protection bleeder valves can
be undersized, they cannot be over-
sized. For example, if two valves are
ingtalled onapiping sysemwhereone
has an adequate flow rate, the total
amount of water discharged will bethe
same. Thisis because the amount of
water discharged from a specific sys-
tem under the same atmospheric con-
ditionsdependsonthewater tempera
ture, not the number of valves. This
can be appreciated by examining Eq.
1. For agiven piping system size and
air temperature, the flow required is
proportional to thewater temperature,
not thevalve size.

Example

A fire-protection water supply line
in a plant consists of 1,200 ft of
uninsulated 2-in. Sch. 80 piping. The
systemwater pressureis100psig. The
minimum ambient air temperatureis-
10°F. Theresupply water comesfrom
underground piping and its minimum
temperatureis42°F. Referring to pip-
ing datatablesand using Eq. 1:



A;=0.0205 ft?
A,=0.622 ft¥ft x 1,200 ft
= 7464 ft?

=42°F

-10°F

Ly
t,
d =0.1616ft

GPM =1[(0.0205)(746.4)[0.5(42)
- (-10) + 16))]/
40.1(0.1616)? (42 - 32)]

=68.7ga/min

Since, in most freeze protection
applications, the automatic bleeder
vavesdischargedirectly totheat-
mosphere, the pressure drop
across the valve is 100 psig dis-
charging to 0 psig. Using the re-
quired flow rateand pressuredrop
inEq. 2:

C, = 68.7/(100)"? = 6.87

Select a freeze protection
valve with aC, of at least 6.87,
or multiplesof smaller valvescan
be installed with their total C,'s
adding up to at least 6.87. An ad-
vantage of usng multiplesmaller
valvesisthat therisk of al of the
valvesfailingismuchlessthantherisk
of onefailing. If one valvefalsin a
multiplevaveingdlation, you can ill
achieve adequatefreeze protectionfor
all but themost severeconditions. And
sincemilder freezing conditionsare of -
ten experienced prior to the most se-
vere weather, maintenance personnel
will have achanceto noticethefailed
valve and repair or replaceit.

The automatic freeze protection
valvesshould aso beingtaled so that
whenthevalveopens, bleed water can
flow throughthe entirerun of pipe. As
already noted, this usualy meansin-
galingthevalvesat theend of theline
farthest fromthemain supply. For any
side branches, additional freeze pro-
tection valves should be installed to
prevent deadlegs.

Other factors in selection
Despitetheimportance of heat loss

and pressure in valve selection, there
areanumber of other factorsthat must
asobeconsidered:

Corrosion resistance - Corrosion
can considerably shorten valve life.
Because of this, it's a good idea to
choose avave made of corrosion-re-
sstant materias, such asstainlesssted
or brass. This will aso provide the
strength that's needed to withstand
years of use. In some specia cases,
such aswith deionized systemsor salt-
water Systems, pay particular atten-
tion to the materials of construction.

Type 316 stainless steel or specia
bronze alloys may berequired.

Dirt handling ability - The valve
you choose should be able to operate
and afford atight sedl without leaking,
despitethe presence of dirtinthe sys-
tem. Vavesthat aretoo easily blocked
by dirt will not perform effectively.
The valve manufacturer should have
conducted dirt-handlingteststodevelop
adesgntha will givegood servicelife.

Easy indtallation - A valve that is
too time-consuming or codtly toingtall
may never beused. To keeplabor costs
and downtime to aminimum, be sure
to chooseavalvethat requiresamini-
mum of toals, labor, and downtime.

Actuators - The actuator is the
heart of avalve. Some manufacturers
specificaly design actuators for each
application, and can produce them to
your specific requirements. For ex-
ample, many actuators operate over a
10°F range from 35°F fully open to

45°Ffully closed. An optimized actua
tor for freeze protection valves can
offer a 5°F operating temperature
range. Thisisimportant, particularly
given the effect on water consump-
tion. During a winter season in most
parts of the U.S., a freeze protection
vavethat closesat 45°F will typicaly
waste more than twice as much wa-
ter as one that closes at 40°F.

Different valve configurations
available - A variety of valve con-
figurationsisavailable. Examineyour
needsto get the most convenient con-
figuraionfor youringalation. The
most commonly used protection
vavesareinlinemodulating syles.
Typica modelsare¥z2and %in.,
ganlesssted. Theseareingtalled
onpipetessinthemanpiping sys-
tem or at the end of pipelines.
Modulating valvesgradudly start
to open at a pre-set temperature
and progressively openfurther as
the water temperature drops.
When temperature rises, these
vavesgradually closefurther and
further.

An interchangeable cartridge
typea so hasamodulating action,
but alowsinsertioninto threeded open-
ingsin pipes, pumps, larger valves, and
other equipment. Snap-on styles stay
completely closed until aspecificlow
temperature is reached and then sud-

denly openfully.
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