Carefully evaluating your
process and its operating
parameters will help you spec-
ify a vacuum condenser that
maintains a satisfactory vacu-
um level. Failing to take these
10 tips into account may
result in improper vacuum
levels, compromising product
quality and production rate.

BY JAMES LINES,
GRAHAM CORP.

acuum  condensers are
unlike conventional heat
exchangers. There are sev-
eral important factors you
must bear in mind as a
specifier or user of vacuum condensers.
A vacuum condenser, whether a pre-
condenser ahead of a vacuum system or
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KEY BENEFIT

If your vacuum condenser is not
performing properly, the perform-
ance of the entire vacuum system
can be compromised. Follow these
tips to select the right system in
the right way.
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TIPS TO ENSURE

an intercondenser within the vacuum
system, is an integral part of the vacuum
system. If the vacuum condenser is not
performing properly, then performance
of the entire vacuum system will be com-
promised. That leads to improper vacu-
um levels in your process, which can
affect product quality and production
rate. Consider the following 10 tips
when evaluating an application involving
vacuum condensers.

EQUIPMENT COVERED

Vacuum condensers

INDUSTRIES SERVED
Chemicals/petrochemicals, elec-
tronics, finishing, food, packaging,
pulp/paper, pharmaceuticals, plas-
tics, textiles

TIP 1: Conservatively Estimate
Noncondensible Loading

This is probably one of the most
important design considerations. It is
advisable to error conservatively to
ensure the vacu- 4
um system will
operate

satisfactorily. The Heat
Exchange Institute’s
Standards for Steam Jet
Ejector Systems (called
Figure 42 by the institute) is
a useful guide for establishing air in-
leakage of commercially tight systems
operating under vacuum. Even though
your process model may not indicate the
presence of air or other noncondensi-
bles, your process will operate under
vacuum and will have air in-leakage. The
amount of noncondensible gases,
whether they are air, nitrogen or some
other noncondensible, will affect the
performance of and the amount of con-




densation in your vacuum condenser.
The greater the amount of nonconden-
sibles, the less efficient a vacuum con-
denser is and greater is the amount of
vapors that are carried out of the vacu-
um condenser with the noncondensible
gases.

TIP 2: Understand Vapor-Liquid
Equilibrium of the Vapor Components
in Your Process

Not all combinations of vapor com-
ponents behave ideally. As a mixture of
vapor is condensed and the condensates
commingle vapor-liquid equilibrium
calculations depend upon the conden-
sate behavior. Most often, shell-side
condensation is employed because that
permits effective management of high
volumetric vapor flow associated with
vacuum operation. Shell-side condensa-
tion is satisfactory when vapor-liquid
equilibrium is ideal and the condensates
are immiscible. By contrast, if the con-
densates are miscible, then it may be
necessary to specify tube-side conden-
sation. Tube-side condensation also is
necessary if solubility of gases in the
condensate should be considered.
Normal applications where tube-side
condensing might be the best choice
could be an alcohol, like methanol, and
steam, or if the process vapors are
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ammonia and steam. Tube-side con-
densation keeps the vapors and con-
densate in close contact and at the same
temperature, which is necessary for
accurate estimation of vapor-liquid
equilibrium at a given pressure and
temperature.

TIP 3: Properly Elevate a Vapor
Condenser

A typical installation will have con-
densate from a vacuum condenser
draining by gravity to a receiver. The
condenser is under vacuum and con-
densate receiver is normally at some
pressure above local atmospheric pres-
sure, for example 2 psig. The conden-
sate drain leg from the condenser to the
receiver will have a liquid level that
varies depending upon the operating
pressure of the condenser. If the eleva-
tion between the receiver and vacuum
condenser is insufficient, then liquid in
the drain leg is drawn into the con-
denser. That will reduce the operating
efficiency of the condenser.

The required height is a function of
the pressure differential between the
operating pressure of the vacuum con-
denser and the condensate receiver,
along with the density of the conden-
sate. The operating pressure of the con-
denser will vary for a number of rea-
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Recommended practice to conservatively
determine minimum elevation above
condensate receiver is to assume full
vacuum or 0 psia for condenser pressure.

Receiver Pressure 16.7 psia
Condenser Pressure 0 psia
Condensate Density 55 Ib/ft3

Liquid Level = 16.7x 144 _ 437t

v
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Figure 1. The required elevation of a vacuum condenser is a function of the
pressure differential between the operating pressure of the vacuum condenser
and the condensate receiver, along with the density of the condensate.

sons. Safe practice is to assume the
worst case, which is complete vacuum
in the vacuum condenser. Figure 1 may
be used to determine minimum eleva-
tion above the condensate receiver.

TIP 4: Define the Range of Cooling
Water Temperature and Flow Rate

Be certain to specify the most
extreme cooling water condition for
design considerations. Also, accurately
define the cooling water flow rate avail-
able to the condenser. If the cooling
water temperature or flow rate is more
extreme in actual practice than the
design basis, then that will negatively
affect the operation of the vacuum con-
denser.

What is extreme? It depends on the
parameters of your application. It could
mean that the actual temperature of the
cooling water to the vacuum condenser
is above design. For example, the
design could call for cooling water at
88°F (31°C), but the actual supply
temperature to the condenser is 95°F
(35°C). It also could be a flow rate
below design. For instance, the design
could call for a cooling water flow rate
of 500 gal/min, but all that that is
available is 350 gal/min.

In either instance, the condenser effi-
clency is negatively impacted, which
could compromise the vacuum level of
your process. If either or both of these
extreme conditions occur, the operat-
ing pressure of the vacuum condenser
will rise. That may not become a prob-
lem unless it causes one of the compo-
nents in the vacuum system to become
compromised because it cannot operate
against pressure established in the con-
denser.

TIP 5: Properly Instrument the
Process and Cooling Water Sides of a
Vacuum Condenser

Include pressure and temperature
gauges in the piping to and from a vac-
uum condenser. Do the same for the
cooling water connections as well. If it
is not possible or desirable to include
instrumentation at the time of installa-
tion, be certain to include connections.
If a vacuum condenser is performing
poorly, it may become necessary to col-
lect pressure and temperature data
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while the condenser is in operation
e diagnose the cause of poor per-
formance. Presure ganges muse be
absolute pressure idicators; any
standard temperature gauge will be
satisfactory,

TIF &: Remembar That Vatuum
Condensers are Fart of the Vacuum
Lystem

Vacuum condensers are integral to
the vacuum svstem and should be
ncluded as part of the vacuom sys-
tem (figure 2. This tp applics for a
precondenser that may be berween
your process vessel and a typreal vac-
wum system. By including the vacu-
um condensers as part of a vacuoom
svstem, you are assured of a single
source of supply and goarantee. [F
the condensers are broken apart
frem the vacium system, there = a
possibility thar the condensers wall
not be compatble with the other
vacuum-prodocing equipment.
Inelude the vacuum condensers n
the vacuum equipment supplices’
soope of supphy,
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FIGURE 2. VACULUM CONDEMNSERS PART OF A SYSTEM

Circle 32 on the Faader dction Cand



FIGURE 3. EFFECT OF PRESSURE DROP ON CONDENSER PERFORMANCE

Figura 3, Prassura drop affects the amomnt of condenaation that cccurs in a

wacuum condanser,

TIF 7: Beware of Commerncially
fusallable Heat Transfer Softwane

Mg the operating pressure for a vacu-
um conwlenszr becomes beaver, for exam-
ple below 50 wer, commercally avail-
able ssfware may not scurtely model
vacuom  condenser pedormance.
Beluble deagns are not ahvays generat-
el by software you might s for tpical
heat exchange applicatons, Conumercial
software may undercstimate pressure
drop across the condenser and, there-
fore, predt more condensation than

actually oceurs, Alss, the commercial
software may specify surface area that &
i ewess of what actually = requared.
software to design a vacuum condemser,
e may be a much larger and more costh
vacuinm  condemser than yoi actualk
need. Worse yer, i may not work prop-
crly.

TIF &: Understand the Degree of
Fouling

Yo must make a deciaon about the
foulmg tendency of the process and

cooling water. Knowing the fouling
behavior of the proces or cooling
water will guide you o specifi appro-
priate geometry for the vacuum con-
denser IF, for example, process vapors
arc on the shell gde and the vapors
have 2 high fouling rendency, then o
i advisble o specify 2 removable-
bundle-eype hear cxchanger.
Femovable-bundle designs are more
costhe than fAxed tubesheer designs,
but i pernodic deaning of the shell
sde is 2 possibality, then a removable-
bundle design is preferable.

If thie cooding water is dirty or basa
high degree of fouling, then a
gtraight-tobe dedgn is preferred, and
voil sheubd avedd the wse of 3 U-tbe
condenser. The wpe of condenser
desgn, whether it is a removalile bun-
dle or U-tube, alss will depend upon
the eype of cleaning requared o
remove Fouling deposins. Is ot possible
e clean in place either the wbe sde
or shell side? Is u required o water
bince the outer surfaces of the tubang
e remowe shell-side deposiee? Is w
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necesary o rod out the tabes o
remove fonbng deposits nsxle the
mbes?

TIP 9: Understand How Vaouum
Slele Prassure Drop Affects
Performande

Pressure deop s amportant when
operating under vacuum (fAgore 35
The vacuum condenser that operates at

REMOVABLE-BUNDLE

TUBESHEET DESIGNS,
BUT IF PERIODIC CLEAN-
ING OF THE SHELL SIDE 15

A POSSIBILITY, THEN A
REMOVABLE-BUNDLE
DESIGN IS PREFERABLE.
S0 vorr 15 mpacted significanthe by a 5

torr prosune deoep; 5 o & onby 001
peae B comtrast, a 5 o pressiere drop
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wall have a minamal mapact for a vacou-
um condemser that & operating at 200
tonr. Pressace drog affects the amount
ol comdenstien that oecurs i a vaco-
um condenser. The greaver the pros-
sire drogr, the less condensation that
oecurs and the greater the vapor load s
that exits the condenser. Vacuuwm con-
densers often have speciabized designs
to mmimize presare drop. High pres-
sire drop across a vacuum condenser s
an efficieney drain on the cverall vacu-
i syetem.

TIP 10: Consult With a Vacwum
Eguipment Supglier

1§ yorn are designing a vacuum aom-
denser or having e designed by a
heat exchanger company that i nat a
vacum syxtem specialst, then myvalve
the vacuum equipment supplicr vou

mitcnd o ns o review the deagn of

the vacuum condenser. The vacuum
couipment supplicr must integrate the
vacunm condenser nto i deagn 1o
crnsare the ovenll setem operates sat-
whctorly, If you do net iovolve the
vacumm equipment vemdor, then thers

15 a high probabilary thae the vacoom
condenser will net be properdy inge-
grated inte the vacuum svdtens and
vour process objectives will not be
met.

Vacuum condensers are reliable
hivwever, they must not be considered
a general hear exchanger. Specaal
reqpuIrenents are asaciated with vae-
uim eomdensers that you must keap
in mmad when spealfving, installmg
and operating them. [F vou factor
these 1 taps ineo the design basis for
your nexl vacuum condenser, you are
off B a good sart specilfving and
eventually mstalling a proper vaciam
comdenser. PH
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