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H GH CAPACI TY STEAM TRAPPING
Armstrong
Any trap nust be sized correctly, large or small, but going to
an L or M or nultiples of M with the resulting costs can be a difficult
selling (or convincing) experience. W have safety factors we
recommend, but often the custoner or consulting engineer thinks
we are gold-plating the job. How can we convince him otherw se?

Perhaps sonme of you renenber the article, The Right Trapping
Saves These Coils on Mdulating Steam Supply in TRAP nagazine
No. 1 for 1979. W'd like to go one step further.

Consider the heat transfer equation: @ = UA (AT)y. "O0" represents
the heat transferred in an hour: Btu/hr. "U" is the heat transfer
co-efficient which varies with the mterials of construction,

the nedia from which the energy flows, and the nedia to which it

fl ows: Btu/hr. - sq. ft. - °F). "A" represents the area of the
heat transfer surface: sq. ft. Delta T represents the tenperature
differential across the heat transfer surface: Fahrenheit degrees.

In a given heat transfer apparatus, the area of heat transfer
surface does not vary, so "A' is a constant. Since the nedia

and materials of construction do not change "U" is also pretgy nmnuch
a constant. (It varies sonme with the velocity of liquid.) The
only variables then are "¢o" and "AT", and that neans that the

heat transferred is directly proportional to the tenperature
differential.

In order to sinplify the analysis, we wll consider the arithnetic
tenmperature difference instead of the log nean tenperature diff-

erence which would be npbre accurate. (The resulting error is
on the conservative side.) >

Let's consider an air heater selected to function on full |oad
at 40 psig (287°F. saturated). Let's say further, that the air
is being heated from -10°F. to 70°F. at design conditions. The

air flow is 42,500 cfm According to M101, page 22, we can
determ ne the design condensate load by the follow ng:

42,500 cfm x 1.08 x 80°F./(919 Btu/#) = 4000#/hr.

Again acording to page 22, the trap for this job should have a
capacity of 12,000#/hr. (3 x 4000) at 20 psi differential (40/2).
This would dictate a 7578.

Every heating coil has a pressure drop from inlet to outlet.

Let's assume ours has a drop of 5 psi. This neans | would have

a pressure at the steam trap of about 35 psi at design conditions.
(Since the pressure goes down but the specific volune of the
steam goes up as the load falls off, we assune the 5 psi pressure
drop is the sane for all steam pressures down to O psig.)

Let's consider what we know so far: At full capacity, we are
heating 42,500 cfm air from -10°F, to.70°F. (30° average air
tenperature through <coil), and the condensate load is 4000#/hr.
Let's plot this information on the acconpanying graph.
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Draw in the 40 psi steam pressugre line, } . Draw in the 30
averae al I temperature line, . From the intersection of
and g@ draw a line horizontally to the left scale, @, an
read 257°F. average heat transfer differential. It's-at this

257°rF, differential that the maxinmum |load of 4000#/hr. occurs.

Now let's explore what happens at gquarter-load. At quarter-

| oad, the average heat transfer differential (AT) wll be one-
fourth that at maxi mum | oad. One-fourth of 257 is 64. So locate
this on the left scale and draw a horizontal line to the right,
@. Further, at one-fourth l|oad, the air tenperature rise wll
be 20°F. instead of 80°F. at maxinmum | oad. The rise will be
from 50° to 70° for an average air tenperature of 60°F. So

let's intersect line @ with the average air line of 60°, .
Dropping down with |[|ine @, we read a steam tenperature of 124°
whi ch has an'acconpanying pressure just above -13 psi. That's
all very interesting, but so what? Well, we'll show you "so
what ?" . Draw a line through the two points.we have | ocated.

This lineisthe curve for the air heating system we just de-
scri bed. If we rise from O psi on the bottom scale, we intersect
the "system curve" at the level of 168° average heat transfer

di fferential. The maximum load of 4000#/hr. occured at a dif-
ferential of 257°, so 168° represents a l|load of 2600#/hr. ([168/257] x
4000) or 65% of full I oad. This neans 2600#/hr. is the maxi num | oad
that nmust be handled by the trap with no steam pressure, only
whatever hydraulic head is availabe, to push the condensate
through the trap. Checking our selection, the 7578, we see it
has a capacity of 3100#/hr. with a % psi differential. So if
there is a 15" drop from the coil to the level of the float and
thernostatic trap orifice, there is sufficient hydraulic head

to keep the coil free of condensate under all conditions. Thirty
inches of 212°F. condensate exert apressure of 1 psi. (Don't
forget though there nmust be a low differential vacuum breaker at
the coil outlet to assure this drainage. See previously referenced
magazine article.) Conplete drainage is necessary to prevent

coil dammge by freezing, corrosion and/or water hanmer.

Let's consider one size smaller trap for this application, the
75A8. It's capacity at % psi differential is about 1175#/hr.

It requires about 5 psi steam pressure to handle the 2600#/hr.,
"no steam pressure | oad". This would require a hydraulic head
of 12% fe.

Let's consider another possibility, at 5 psi back pressure due to

an overhead return line or sinply back pressure due to flash.

Now a safety drain is in order. Draw in the 5 psi steam |ine

and deternmine the system load at 5 psi. Here the average heat
transfer differential is 186°. This neans 72% of the maxi mum

| oad (186-247) or 2880#/hr. The safety drain nust handle this

at 5 psi differential as well as the previously calculated 2600#/hr.
at % psi differential. A 1588 would do nicely. Qur rule of thunb

whi ch by-passes these calculations, says use the sane nodel trap
as the primary trap, but with the suitable low pressure orifice.
This holds true, a 2" F & T trap in both cases.

Please bear in mnd that the foregoing deals with a nore or |ess
i deal situation. Any safety factors applied to heat exchange
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equi pnment will increase the pressure drop and aggravate the
condensate drainage problem The coil's actual capacity nust
be considered in drawing the curve, not the anticipated | oad.
W have had sone of these grids printed up for you. W hope
you can put them to good use with your "analytical custoners".

Functionally, there are no mninum load requirenments for the "L”
series trap. Since the "M" cannot be counted on for tight closure
its load should never be less than about 200#/hr. Visualize the
constructi on. The trap is assenbled cold and that's when the
valves are adjusted to be shut. Expansion wth steam tenperature
results in unsealing one or the other valve resulting in sone

| eakage when the float goes down to the closed position.

We have not experienced wire drawing or valves or seats in "L"'s

or "M"'s because the traps are used where |loads are relatively

large and just cracking the valve does not occur. Shoul d very

low | oads be encountered, the trap tends to intermt. The wire
drawi ng experienced with inverted bucket traps wusually happens

on high pressure, 600 psi and above, and where there is super

heat . Neither of these conditions is encountered by an "L" or "Mm",

W have had sone wire drawing of cap extensions due to corrosive
condensate, where a thernostatic element failed open and also on
condensate controllers. These occurred in cast iron. The problem
was corrected by going to the stainless steel cap extensions.

Some cap erosion has occurred where the cap extension was not
bolted tightly and evenly to the cap, resulting in a |eaking
gasket .

The thernostatic element in the "L"'s and "M"'s has a 3/16"
orifice which is satisfactory for running | oads. If extra fast
start-up is wanted, an external thernostatic vent can be used such
as a TTF-1.

In sone cases, the condensate controller configuration wth its
purging ability is superior. These cases would include:

1) header type heat exchangers (as conpared to serpentine

coils);
2) heat exchangers with large cavities filled with steam
3) where syphon Ilifts occur resulting in flash steam being

produced ahead of the trap.

In 1) and 2) above, air pockets can exist undisturbed if drainage
is sluggish, and there is no positive flow of vapor. The purging
of the condensate controller helps to elimnate this air. In 3)
above, the flash steam is purged which would otherw se prevent

the float nechanism from efficiently evacuating the condensate.

In nost cases 1), 2) and 3), the 1/8" orifice of the factory-
built condensate controller is inadequate to produce the desired
pur ge. The preferred approach is to order an "r" or "M" liquid
drainer and then pipe a by-pass from the top of the body to the
return line with a 1%" plug valve in it.
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Arnstrong |arge capacity traps conpare favorably with the Sarco
and the Fisher large capacity traps. Qur tests have shown that
the traps of the conpetition have insufficient buoyant force in
their nechanisnms to hold them steadily open on |arge | oads.
There is a strong pull to close the'valves of these traps due
to the high velocity between the val ves and seats. Ar nst rong
is the only one we know of whose traps can function satisfac-
torily on these heavy 'l oads.

In single orifice traps, if we can overcone .the force hol di ng
the valve on the seat, we usually can hold the' val ve open agai nst
the "flow forces" which tend to close it. -with a dual orifice
trap , it's different. A dual orifice trap is designed so that.
the internal pressure seeks to hold the valve shut as well as

to open it. Since both valves are of the sane area, the force
to hold closed is equal to the force to open. On the surface,

it seens that a relatively small float on a relatively short

| ever would be adequate to open these dual orifices. However
the high velocity of the discharge flow between val ve and seat
results in a significant pressure drop here which tends to close
t he val ves. These forces nmust be overconme by'the float and its
lever arm Arnstrong's "s" and "M5" series are the only dua
orifice drainers we know of that can do this.' When dual orifice
drainers are assenbled, the mechanismis adjusted so that both
val ves close tight sinultanelusly. On cold service, this adjust-
nment hol ds. However, on steam service because of unequal expan-
sion of the various parts, this "tight adjustnment” is not nmain-
tained. A leak rate of 50 to 100 pounds per hour is to be anti-
ci pat ed.

VACUUM BREAKERS

As with other steam traps, anytine a product, be it water, air

or chemcal, is heated to a tenperature below 212°F., there is

probably a need for a vacuum breaker. Large traps indicate |arge

heat exchange equi pnent which indicate the need for vacuum relief
in larger than usual capacities. To date, our integral vacuum

breaker on an "r" or "M trap has proven adequate.

PRESSURE LI M TATI ONS

The cast iron "r” and "M" bodies are limted to use on 250 psi

maxi mum pressure whether it's at 100°F. or 450°F. The steel

"LS" and "mMs" traps are limted to 450 psi regardless if the
tenperature is 100°F. or 650°F. |In addition to the above lim -
tations, those of accessories mnmust be consi dered. The gauge

glass is limted to 250 psi at 425°r. The vacuum breaker is
[imted to 150 psi, and the thernostatic elenent to 250 psi

If any of these accessories are incorporated in an assenbly, their
l[imtations wll prevail over those of the vessel itself or

its mechani sm

TRAPS & DRAI NERS vs. LEVER CONTROL DEVICES

Very few instrunment people are concerned wth the use of steam traps
for non-critical applications: |ow |oads, space heating, nmain drips,
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tracer drips, etc.; and therefore, don't think of them for
condensate drai nage on production reboilers and digester
heaters, etc. They use |evel sensing instrunentation feeding
a signal to a controller which in turn positions a control

val ve. (Perhaps this is partly due to erratic behavior of

our conpetition's nmechanisns.) At any rate, Arnstrong high
capacity traps should be considered because they are reliable,
durabl e, sinple and conpetitive in price.

Consi der the acconpanying schematic and see what is required

to drain condensate by instrunentation. There is a differential
pressure transmtter at about $700, a pheumatic controller at
about $900 and a valve with operator (2") at $650. This totals
$2,250 Net and does not include pressure taps and their instal-

| ation. Sophi sticated instrunentati on personnel are required to
service it. Conpare this with an "mM" series drainer at $1,432
Li st. (The above instrument prices reflect those of Tayl or,

Fi scher & Porter, Honeywell, Foxboro, etc.) If a load dictated
3 or 4 "M"'s in parallel, we mght not be conpetitive, but we're
still reliable, durable and sinple.

H gh capacity traps are used in chem cal plants on evaporators,
reboilers, reactors and towers. They are al so used on process

air heaters. Paper mlls use them on digester heaters and nake-up
air heaters. Large office buildings, school buildings and hospitals
use them on absorption chillers, water heaters (donestic 6 radi-

ation) and air heaters. Power plants use them on condensers.
Sugar m Il evaporators and juice heaters also require high capacity
steamtraps, but condensate controllers are alnost always used. So
I will defer sugar mll trapping to the condensate controller

sem nar of this school.

Long runs, vertical or horizontal or neandering should be avoi ded
ahead of these traps. They shoul d be coupled as close as possible
to the heating coil. If the coil is up in the air and the trap is
wanted at ground level for service accessibility, a back-vent may
be necessary.

John Kreners
Sept enber 1980
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