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Vapor lock in refrigeration
systems
Vapor lock in refrigerantliquid lines is oneof
the most common causesof malfunction in
refrigerationsystemsusedfor comfort cool
ing. Design manuals,such as the ASHRAE
Handbookof Fundamentalsand most rele
vanttextbooks,give little information for the
systemdesignerto follow regardingtheliquid
line design.

As part of an integratedtwo-phasesystem,
thedesignprocedurefor the liquid line cannot
be segregatedfrom the physicaldesignof the
condenser,receiver, subcooler, and general
geometryregarding the relative location of
thesecomponents.

The vaporlock phenomenonis similar to
vapor locking or air binding in a hydronic
system. It occurs when the liquid line rises,
possibly runs horizontally, and then drops
again to the throttling device expansion
valve. In addressingthis problem, the first
characteristicthat must be recognizedis that
the receivercontainsa mixture of liquid and
vapor.Thus,thefluid in thereceiveris always
saturated.Neglectingvelocity conversion
lossespv2/2 and friction losses,if the liquid
line leavesthe receiver and rises upward,a
pressureloss equal to the product of the
specific weight w and height h results.
Thus, as the refrigerant rises, evaporation
occurs. This phenomenonresults in vapor
bubbles forming in the higher section of
piping.

Pressure differential needed
With the relatively low velocities existent in
most liquid lines, the vaporwill not continue
down the subsequentdrop to the expansion
valve but will collect in the higherhorizontal
piping until the line has essentiallybecome

totally vapor bound.Subsequently,a signifi
cantpressuredifferential is requiredto freethe
line of vaporandreestablishliquid flow to the
expansionvalve and evaporator.

As anexample,againdisregardingvelocity
conversionand friction losses,if Refrigerant
22 at 110 F 43.3 C condensingtemperature
leavesa receiverandrises 13 ft 4 m vertically,
at the top of the riser approximately 13
percent of the availablepiping volume will
initially be occupiedby vapor,andto remove
this vaporthrougha subsequent13-ft vertical
drop will require a pressuremotivation of
approximately6 psi 41,368.56N/rn2. But
sincethevertical column representsa gain of
approximately6 psi wh, the net motivating
forcemustequal12 psi82,737.1N/rn2.With
the net loss of 6 psi, the vapor cannot be
recondensed,andthus, thefluid enteringthe
expansionvalve will be a liquid/vapor mix
ture.

Manifestationsof this phenomenonin re
frigerationsystemsinclude:

* Unstable operation of ther,nostaticex
pansion valve-Thevalve, sensingexcessive
superheatresulting from lack of adequate
refrigerant, opens full. Following sufficient
pressuredifferentialbuildupto purgetheline,
the high-liquid content mixture reachesthe
valve and the evaporator,subsequentlyde
creasingthe superheatand closingthe valve.
Thiscyclical actioncausessurgingor instabil
ity in the valve operation.

* Extreme headpressure sensitivity-
Often, with the sight glass properlyplaced
immediatelyaheadof theexpansionvalve,the
only waytheglasscanbe"cleared"of vaporis
by overchargingthesystemuntil thereceiveris

222



VAPOR LOCK IN REFRIGERATION SYSTEMS 223

completelyflooded,andsomeof thecondenser
surfaceis usedas a subcooler.This "correc
tion" resultsin decreasingthecondenserheat
transfersurface.In additionto limiting thefull
load capacity, this makes the system head
pressureoverly sensitiveto changesin ambi
ent temperaturefor air-cooledunits or water
temperaturefor water-cooledunits.

* Signflcant reductionsin systemcapac
ity-A furthercapacityreductionoccursif the
sight glass is located at the receiver outlet
ratherthan immediatelyaheadof the expan
sion valve; it will not reveal the liquid vapor
mixture existing at the valve location. Thus,
although theremay be a clear liquid at that
point, the fluid enteringthe expansionvalve,
being a mixture of liquid and vapor, will
significantly reducethe full load capacityof
the system.

* Occasionalliquid sluggingof compres
sor-Generally,the mostcostly result of liq
uid line vaporlock is the lossof a compressor
due to liquid sluggingat reduced-loadcondi
tions. With low load on the evaporator,the
superheatsensor, as explained previously,
positions the valve full open,and following
the ensuingvaporpurgeof the liquid line, the
low-quality mixture moves liquid refrigerant
throughtheevaporatorandto thecompressor
beforethe thermalelementcan respond.

Useful designguidelines
The mostbasicapproachto follow to prevent
vaporlock in liquid line designis to performa

pressure!temperature/quality analysisof the
system being designed. Short of this, the
following may proveusefuldesignguidelines:

* Remember,if a receiveris employed,the
fluid in the receiveris at saturatedcondition.

* Any useful subcoolingmust be accom
plishedafterthe fluid leavesthereceiver.

* Subcoolingmustbeadequateto offsetall
pressuredecreasesin all segmentsof the liquid
system not just, for example, a net head
differencebetweenreceiver liquid level and
expansionvalve inlet.

* Avoid highpointsriseandensuingdrop
in theliquid line wheneverpossible.Withouta
high point, flashingcanoccur, butvaporlock
will not result.

* If thereare necessaryrises in the liquid
line, all devicesthat causedynamic pressure
drop filter/ dryer,solenoidvalve,etc.should
be locatedimmediatelyaheadof the expan
sion valve.

* Locatea liquid line sight glass immedi
ately aheadof theexpansionvalve.

o Do not overlookpressurelossesresulting
from conversion of static pressurein the
receiverto flow velocity pv2/2 in the liquid
piping.

In summary, this often overlookedphe
nomenonof the designof the liquid systemin
a vaporcompressionrefrigerationcycle can
either plague designersor be an interesting
challenge.




