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All of us are familiar with terns such as energy
conservation, high fuel costs, inflation, recession and many
others, and their inplication of know edge and experience in
regard to a plant's overall profitability. However, these
sane terns are often disregarded when considering the snaller,
yet equally inportant aspect of proper equipnment utilization
in a system In particular, the anount of steam energy | ost
froma system which uses steamto performa w de range of
functions is overlooked. This preventable waste is somewhat
under st andabl e as nost mai ntenance crews control the operation
of an established steam system and consequently order steam
traps according to price and ease of installation rather than
technical qualifications and performance. This type of
situation is nost often true in tracer line use. These lines
and their related products, such as valves, traps, and strainers,
are often regarded as necessary, but not very significant pieces
of equipnent. Tracer lines do not have a direct relationship
with the final product, however they still play a very vita
role in getting the final product on the narket. Carefully
chosen equi pment and a wel | -nanaged mai ntenance program for
tracer lines can save nmany barrels of oil every day. At the

relatively high cost of a kilogram of steam these additiona
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savings will inmrediately [ower the total overhead of the

plant and raise the profit level. Maintenance al one cannot

do the job; the product selected must be suitable for the
application. Ineverytracer line there is an automatic unit
controlling the discharge of condensate at changes of elevation
predetermned |engths or at the end of each tracer line. This
automatic device, the steamtrap, is often the vital link which
controls whether or not the tracing systemis brought up to
tenperature as quickly as possible wthout backing up the
condensate or passing live steam Since the steamtrap does
not directly inprove the end product, it is often ignored. W
shoul d not forget that this automatic device helps the tracer
line obtain maxinum thernmal efficiency. The tracer line

havi ng maxi num thermal efficiency output, nmaintains the product
at a tenperature which keeps the process fluid flowing. Taking
this into consideration, it becones veryreasonable to be nore
attentive to this device which, with its conparatively |ow

cost, enables the systemto operate at naxi mum efficiency.

Many types of traps have been tried in this industry.
Several criteria have been set to establish what a good
trappi ng device should do. However, one criterion on which

no one has ever put much enphasis concerns heat |loss. The
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heat |oss can be related to either the subcooling of the
condensate ahead of the steamtrap or the loss of live steam
through the orifice. Mst of the time this automatic device
is purchased on physical size and price only which often
results in high profit losses. Until recently, not very much
was known about the heat loss or the kilocalorie inefficiency
of a steamtrap. Before studying this question further, |et

us ook at what to expect froma steamtrap

A steam trap nust discharge the formed condensate and
hold back the live steam It should retain the kilocalories
of latent heat, but pass on the few kilocalories which are in
the sensible heat. It should discharge the condensate forned
at the line pressure with its equivalent tenperature and not
l et this condensate back up in the tracer line. If this
occurs, the thernmal efficiency fromthe tracer line to the
product is lost in the area where the condensate is backed up,
and the tracer line does not performits job. It should also
be renenbered that it is the condensing of live steam not the
condensate, which contains the large amount of kilocalories.
You will note fromthe steamtables that only one kilocalorie
is transferred for every ©c the condensate tenperature drops.

However, 500 kecal of energy are released in the change of
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phase when steamis converted froma gas into a |iquid.

A second inportant part in the total thermal efficiency
of a tracer line and the heat loss of a trap is that a trap
shoul d not discharge any live steam It is just as detrinmenta
when the trap discharges a certain anount of live steam with
the condensate as it is when it backs up the condensate before
discharging, allowing it to subcool. This discharged steam
still contains the latent heat which failed to performits
work in the tracer line. In other words, the return lines
becone hot instead of the equipment. CQher aspects could be
mentioned in steam trap selection such as materials, easy
installation, capacities, etc., but basically the nost inpor-
tant point is how much work does the trap perform at the |owest

cost?

Heat | oss can be summed up by these two factors: the waste
of live steam and the degree of subcooling which the unit allows
before performng its function. For these reasons it can be
stated that the final cost of a trap is determned by either
the number of kilocalories it discharges or consumes in its
operation, or the kilocalories of sensible heat it gives off

before discharging. Taking all of this into consideration, it
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beconmes readily apparent that a trap should not be purchased

on price and ease of installation alone.

Testing the heat loss of a trap on every piece of steam
usi ng equi prent would be quite an involved and |engthy
experinent. Therefore, a test was set up using two types of
commonly used traps, thernodynamc and inverted bucket. Since
it was difficult to test these two types of traps on process
equi pnent, it was decided to conduct all tests on one parti-
cular application. Tracer lines were chosen because of the
| arge number of traps used in this application. A marketing
study revealed that nost tracer |ines were designed for use
between 7 - 12 kg/cm7 Capacities of the units were between
10 - 100 kg/hr. The average outside tenperature was difficult
to establish, but was set at -45° C which is equal to 0° C
with a wind chill factor of 15 km/hr. Wth these standards
established, the follow ng experinment was set up in our |ab-
oratory to performa heat |oss test on the steamtrap. Steam
Is supplied via a separator through a calorineter into the
shel | of the heat exchanger. The heat exchanger, containing
four cooling water tubes, is so designed that it wll operate
with one or nmore tubes in an open position. Cosing all the

tubes will give us a near no-load condition. The cooling
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water is collected in a tank. The steam and condensate from
the shell of the heat exchanger is then supplied to the testing
chanber. The testing chanber is which the to-be-tested trap

is installed is kept at a constant tenperature. The condensate
di scharged by the trap is fed into a second tank. Two three-
way valves are installed on the cooling water outlet and the
trap discharge outlet and are used to stabilize the total system
on start-up. Tenperatures are taken at six different points;
namely, the incomng cooling water, the incomng steam the

out going cooling water, the steam and condensate supply |ine

to the testing chamber, the condensate collection tank and

the testing chanber. A vacuum breaker is installed on the
condensate return so that no vacuum can pull the condensate

out of the tank and into the supply line when the steam supply
is shut down at the conpletion of the test. Also, a stirring
device is installed in the condensate tank to avoid stratifi-
cation and to assure an accurate tenperature reading. The

follow ng procedure was used to test each type of trap.

First, the tenperature in the testing chanber is set.
Then the cooling water flow rate and the nunber of open tubes
are set to generate a specific load fromthe heat exchanger.

The initial weight of the partially filled condensate collection
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tank is established. This tank is kept partially filled with
water so that any flash steamentering the tank will be con-
densed. At the same time, the initial weight of the cooling
water collection tank is established. The systemis then
allowed to stabilize with the trap discharging to drain and
the cooling water flowing to drain. The steam pressure, the
anbient tenperature and the initial tenperature of the water
in the condensate collection tank are then recorded. The
test is started by sinultaneously diverting the trap dis-
charge and the cooling water into each specific tank. The
timer is started at that point. A nulti-point tenperature
recorder continually nmonitors the steam tenperature, cooling
water inlet and outlet tenperatures across the heat exchanger
and the tenperature in the testing chanber. The tenperature
in the collection tank is also monitored. The test is ended
when the condensate collection tank tenperature is the sane
amount above room tenperature as it was bel ow room tenperature
at the start of the test. This is to mnimze any radiation
heat transfer between the tank and the room At the end of
the test, the trap discharge and cooling water are again
diverted to drain and the tinmer is stopped. Final weight and
tenperature of the collection tanks are then recorded. The

tenperature plots fromthe nulti-point recorder are averaged
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for each of the points nmonitored and recorded. The steam

trap evaluation test setup is pictured bel ow

TEST TO ESTABLI SH THE ENERGY CONSUMPTI ON OF A STEAM TRAP

Figure No. 1
? Item Description
1 Heat Exchanger
2 Trap to be Tested
3 Temperature Controlled Chamber
4 Trap Discharge Collection Tank
STEAM S PRV-Water
— 1 6 Cooling H0 Collection Tank
7 Vacuum Breaker
8 Scale
Y 9 Stirring Device
10 Alr vent
A thermocouple Lecstion
3
Y ¢ 7
...... 4
Y romn- 9
[

The test data is then converted to neaningful results by
performng a nunber eof cal cul ations.

Figure No. 2

‘n*KT*

The basis for the calculation of the total steam | oss of
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the trap is a mass bal ance across the trap. The condensate
| oad generated in the heat exchanger plus a quantity of steam
(total steam loss of the trap) flow to the trap. This equals

the |oad discharged by the trap into the collection tank

Ky K e ¥

or (Law of Conservation of Mass)
=% Ke

Wer e

KT = Total steam loss of trap (kg/hr)

K, = Load discharged by trap (kg/hr)

K _ = Condensate | oad generated in heat exchanger (kg/hr)

The | oad discharged is calculated as foll ows:

K = (WE - WS) (60/t) (kg/hr)

D
Wer e
KD = Load discharged (kg/hr)
W = Initial weight H,0 & cont ai ner (kg)

m% = Fi nal wei ght H20 & contai ner (kg)

t = Length of test (min)
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The condensate |oad generated in the heat exchanger is

cal cul ated using the equations that follow

K._ = q./r (kg/hr) (Saturated Steam supplied to
HE H Heat Exchanger)
al so
g =K*c¢c . AT (kcal/hr)
H P
and
K= OW (60/t) (kg/hr)
Ther ef or e:
Kyp 60 VAN cp - AT (kg/hr)
r. t
Wher e:

KHE _ Load generated in heat exchanger (kg/hr)

qQ = Heat transferred in heat exchanger (kcal/hr)

K = Mass flow rate cooling HZO (kg/hr)

CP = Specific heat cooling HZO at tenp. average (kcal/kg/°cC)
AT = Tenp. H,0 out - tenp H,0 in (°c) (tenp. out <€ 100° C)

AW = Cooling Hzo collected (kqg)

t = Length of test (min)

r = Latent heat at steamtenp. (kcal/kg)

The condensate load to the trap equals the |oad generated in
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the heat exchanger plus the |oad generated by piping |osses
between the heat exchanger and the trap. The magnitude of
this loss is extrenely smal|l because this pipe is short in
length and is well insulated. Since this loss is nearly
identical for every trap tested, it cancels when conparing

the results.

After the total trap steam | oss has been determ ned,
the total trap heat loss is calculated as follows:

Q. = KT. i" (kcal/hr)

Wher e:

Total heat loss of trap (kcal/hr)

~
n

Total steam|oss of trap (kg/hr)

»
]

Specific enthal py of saturated steam (kcal/hr)

The total trap |losses which have been determned, represent
the quantity of steam that passed through the heat exchanger

wi thout performng any useful work. These total |osses are
conposed of two parts. The first part is attributed to the
condensate generated within the trap as a result ofconvection
and radiation losses fromthe trap body. The second part is

|ive steam which has passed through the trap*s orifice. To
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further evaluate the performance of the trap, the magnitude
of this live steamloss is determned. The basis for this
calculation is a heat balance between the trap and the trap
di scharge collection tank.

Figure No. 3

) 4 « 3 « 4n s
HE i‘K'l‘ 1

— x *i' + K er Fald
D sL } t

—

(Assuming the trap discharges saturated condensate plus
possi bly sonme live steam)

Aq = K " i' 4+ K__.r (kcal/hr) (Law of Conservation of
t D SL Ener gy)
Wer e:
pa, = Heat collected in trap discharge tank (kcal/hr)
Kgp = Live steam|loss of the trap (kg/hr)
Ky = Load discharged by trap (kg/hr)
it = Enthal py of condensate at steam tenperature (kcal/kg)

Latent heat saturated steam (kcal/kg)

-
]
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The heat collected in the tank equals the change in tota

enthal py of the tank and water during the tine period of
the test.

Ba, = (il - i) (60/1)

\Wher e:
; Total enthalpy at the end of test (kcal)

[N
L

’-‘.
]

| Total enthalpy at the beginning of test (kcal)

—
]

Length of test (mn)

To calculate the total enthal py or heat of the tank-water
system the water equivalent weight of the tank is first
calculated. This is necessary because it obviously requires
fewer kilocalories to raise the tenperature of the netal tank
1° ¢ than to raise the tenperature of the water 1° C

We = W, . o /cpw (kg)

\Wher e;

=
]

VWater equivalent weight of tank (kg

X
1

Wei ght oftank (kg)

(@)
n

Specific heat container (kcal/kg/°C)

@)
H

Specific heat water (kcal/kg/°C)
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=
"

<117 w
c

(Container is stainless steel; water in 10 -~ 60° C range:
cont ai ner temp.?kjﬂzo tenp.)

And:

= - +
WI WS Wc We

=W, -W_ + .117 W
c c

]
=
|

S , 883 w, T (kg)

W, =W_~-~W + W

F E c e
= m& - .883 Wé (kg)
Wiere
V% = Initial weight HZO + Hzo equi v. container (kg)

Final weight H,0 + H,0 equiv. container (kg)

=

=
1

Initial weight H,0 + container (kg)

2

=

Fi nal wei ght H20 + contai ner (kg)

The initial total enthalpy and the final total enthalpy of
the tank-water system are as follows:

i:'[ = wl (kcal)

s ¢
- 11sp
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Wer e:

iisp = Specific enthal py of H,0 at initial tenp. (kcal/kg)
iE" =Wk . j‘l:"SP (kcal)

Wer e:

iﬁSP = Specific enthal py of H20 at final tenp. (kcal/kg)

Again, the heat added to the trap discharge collection tank
is as follows:

pa, = W - i) (60/t)

= (W W

) - « i
F . *Fsp 1~ irgp) (60/t)

But it was previously stated that:

= K .i' + K . r
Aqt D SL

Therefore, the live steam|loss is determ ned as foll ows:

- K . it
Zﬁqt p 1!

r

Ksp =

Sone traps back up condensate allowing it to cool bel ow
saturation tenperature before it is discharged. \Wen this
condition exists, the assunption that the trap discharges

saturated condensate plus possibly some |ive steam (which
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was made in the previous calculation of |live steam | oss),

is invalid. As aresult, the calculated live steam | oss

wi || appear negative. (Cbviously, the magnitude of the trap's
live steam|oss cannot be less than 0. \Wen a trap discharges
subcool ed condensate only, the total trap heat |oss can be

eval uated as foll ows:

Figure No. 4

K N S G
Hi? T —

V4 HEAT = QTL@

* K <1

D Subcooled —; Oqt

K [ J_t+KT o i_@1=0

HE t.®* *p. subcoolea
But :

KD ' lSubcooled = Aqt
So:

K « i' ¢+ K_ -i" =0 R

T3 n@® %
O..

= ® ' .oim -
U ® “ve A o4,
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= i k
QTL® Total trap heat |oss (subcooling) (kcal/hr)

K = Condensate |oad generated in heat exchanger

HE as previously calculated (kg/hr)
K = Total steam loss of trap as previously

T cal cul ated (kg/hr)
K = Load discharged by trap as previously

D cal cul ated (kg/hr)

éSqt = Heat collected in trap discharge tank (kcal/hr)

it = Specific enthal py of subcool ed condensate
Subcooled (kcal/hr)

i = Specific enthal py of saturated condensate (kcal/hr)

1 = Specific enthal py of saturated steam (kcal/kg)

The length of the test (60/t) can make a big difference in
the results of the test. Therefore, it was established that
a test should be a mnimumlength of 15 mnutes to |essen
the margin of error in the total calculations. Each trap
was tested at least four tinmes and the results, if not the
same, were averaged. Al the traps, no matter which manu-
facturer or nake, were tested under the sane |oad conditions
from 10 - 100 kg/hr With a constant pressure at the inlet of
11 bar and an outlet pressure of 1 bar. The testing chanber
was kept at -45° C which was conputed at 0° Cwith a wind

chill factor of 15 km hr. Simlar tests were conducted under
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in the steam loss could be seen. The follow ng curves repre-

sent the average line of the test results.

Ther nodynam ¢ Type Traps

(40)

80

(30)
/

” /

STEAM (20) /
L0SS
{kg/hr) 40
1/hr

(10) 7
20 /

———4—/

-

0 05 10 .3 20

TIME I N SERVICE (YEARS)

For the first six nonths, the energy characteristics of these
traps can be terned acceptable, however any trap that was in

service for nmore than six months was cycling faster than a
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new trap ofthe sane type fromthe same nmanufacturer

Because of this increased cycling, the wear of this unit
increased quite rapidly producing the results as seen on

the curve. sythe end of the first year, it may be |osing

5 kg/hr whi ch could nean a nonthly average of about 2,5 kg/hr.
However, during the remainder of the trap's life, it wll very
likely be losing 30 kg/hr which would mean a nonthly average
of 10 kg/ hr.

I nverted Bucket Type Trap

(5.0
{o]
TE g
(kg/hr)
lb./hr
o] 1.0 20 3,0 4.0 5,0

TIME IN SERVICE (YEARS)

The total steam or kilocalorie loss of this type of trap
remains the same for a life cycle of about five years. By
subtracting the live steamloss fromthe total steam |oss,
it is concluded that nmost of the trap |osses were due to

radi ation and convection and not to loss through the orifice,
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whi ch was typical of the thernmodynamic type trap after its

initial six month period of operation.

Looking at these two curves and relating themto the
profitability of a plant, it's apparent that greater efficiency
in your tracing system can be obtained by using a type of trap
whi ch does not lose live steam through the orifice and which
does not subcool the condensate before discharging. By

mul tiplying the average steam | oss tines steam cost for

1.000 kil ograns of steam and then by the nunber of total

units, it beconmes obvious this |ow cost unit is of vita

importance to the total profitability of your plant.

1.8.11/76
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