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quently sniiabk for defrost relief from' evaporator to suction

ity relief from a p vessel to the
low mde, or as a lnqmd -refrigerant pump rehef from .pump
to the -to p PumP pres-

mwbmwmevapom&ommv&!vedc!amd

refngemhng um'a mquue a pressumreducmg dev'lce to
meher the flow of refrigerant to the low side in‘accordance with
placed on the system? Wlt.h the advent of the
mpressor atid the halocarbon refngenmts thé capil-
lary tube became practicable and rapidly achieved popularity,
especially with the smaller unitary hermetic equipment, such

umidifiers, and

<88 householdrefrigerators and freegers, . deh

room ; air “conditioners. More recently, it has beén exiendsd to
hl‘gerumtssuchasummrymoondluoncmmm upw 10
tons capacity. . -

The capillary operates on the prmmple that lxqmd passa
thmughxtmuchmoremd.\lythmm Iteonmstsofasmall
diameter line, which, when used for the purpose of controlling
the flow. of refrigerant in a system, connects the outlet of the
condenser {o the inlet of the evaporator, It is_sometimes
soldered to the outer surface of the sucuon lme for hest ex-

change purposes.
s Ah.v.ghﬂdehqmdreeuver unotnormallyusuiwhha
eapillary, and a corresponding reduction in refrigerant charge
could result. In a few msta.nca, such as with household re-
frigerators and fxeezem, n is customary to employ a. smxll
low, side teristic
of a capillary makes po&nble the use of a-low starting torque
motor compréssor: Inherently, a capillary.does not operate as
efficiently over a wide range of conditions as does a thermo-
mhc expaunsion valve, but. ‘due to counterba!ancmg factors in
lications, its perf ly very good. The
sunphmty of the uspxllary gves 1t the advnntage of gmat\y
leduwd cosk.-

'Iheory .
As has been indicated, it is the ch istic of the capil-

lary o pass liquid much more readily than gas that makes it
a practical metering device. Let it be assumed that & con-
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dmse:-to-evnpommr capillary has been sized to permit the
desired flow of refrigerant with a liquid-sealat its inlet. [f
a system unbalance occurs so that some gas (uncondensed
refrigerant) enters the capillary, this gas will tend to consider-
ably reduce the mass flow of refrigerant with little or ng
change in the eystem pressures. If thé opposite type of un”
balance occurs, liquid refrigerant will back up in the conden-
ser. This condition will tend to cause subcooling and increase
the mass flow of refrigerant. If properly sized for the applica-
tion, the capillary thus tends to automahca.lly compensate for
loM and system variations and will give acceptable- per:
formance over a wide range of opemtmg conditions. 5

A fow led liquid at the
entrance to the mpx]hry Bolstad! demonstm'a the flow be-
havior from p and p ts along
the tube:

“With subeooled Y enterin tbe il
distribution along thzm'the 4 enp lary:!llx:;,nth‘: “:ms?
At the entrance to the tube, section 0-1 “there is slight

Ppressure
drop whi chwuusuaﬂyunmdableonthom: From point 1 to

point 2, the prmsure drop is linear. In the portion of the tube
0-1-2, the refr genn is entirely in the liquid state, and at point
2, the £irst bubl le of vapor forma, I"rompomtztothaendafﬂu
tubo, the pressure drop is not linear, the pressure droj g‘er
length increasing as the end of the tube is approach: ‘or Q:ns
portion of the b&w the n:unf:d lllqllld &o.}d saturated vapor

ba.seempresmt, e percent and volume of vapor, increasing
Pm the direction of flow.

Inmuxzoft.bemnstbemwuobwrvednmgmﬁmtpm
dro‘e from the end of the tube into the mpomtm
l

sul posed along the vertical 'brem-
e superim; ug Vi uulf.xspom

plottheobserved es in & more n way than if
a uniform temperature scale were used. The u:mpcmmralsoom
stant for the first portion of the tube 0-1-2. Atpomt2 the pres-
sure haa d d to the to this

temperature. Further pressure drop beyond 'point 2 is accom-
l:i bya P drop in , the
Peizg tho saiuras ding 10 the b
the p lines
fmmpomtﬁht.hcmdoft.hembe

The rate of. refrigerant ﬂow thmugh a capxl]nry nlways
with an It

mthadecreasemextema.louﬂetpmuedownwaech
tain critical value, below which the flow does not change.
Fig. 32 illustrates a case where the outlet.pressure inside
the capillary has reached the critical value, which happeas to
be higher than the external prassuxe,fPoint 2 in'Fig. 32, where
the ﬁrBtgn.s bubble appears, is called the bubble point. The
ding portion of capillary is called the hqmd lengthy and
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Fig. 32.... Pressure and Temperature Dsmbuhon Along
Typical Capillary Tube - - -

thatfoﬂomnglscal]edthem-‘phaulengﬂi.

System Design Factors
Tl:eb:ghs:demustbemfullydmgned l‘orusewnthn
capillary. If liquid backs up in the condenser, enough re-
frigerant may be d from the to cause an
undercharged condition. This can be improved by decreasing
the }ugh—snde volume so that less liquid refrigerant will be
the to achieve bal-
anced condxhons The total volume ol‘ the high side usually
represents a compromise, since it' may be necessary to also
provide sufficient refrigerant storage volume to protect
against excessive discharge pressures during high load con-
ditions. The high-side volume should ‘be sufficient to contain
the entire refrigerant charge to prevent hydrostatic rupture
{ailure in case of capillary stoppage.
Another consideration in highside design, where cyclic
operation is involved, is that of unloading during the off
period. When unit operation ceases, the capillary continues to

Refrigerdint Control Devices

wmmmtfmthehngbmdeto&helowmdzunhlpm—
sures are equalized. Cnremustbet.&kentopmv:degooddmm—
,geoftbehqmd into the capxllx.ryd this
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interval. If liquid is trapped in the high side, it will evaporate
there during the off cycle. It will then pass to the low side as
a warm g83, where it condenses and adds latent heat to the
. Liquid trapping may also i the time re:

quu-ed {orthe to lize after the stops
opersting. If this interval is too long, the compressor may not
be suﬂimendy unloaded at cut-in to permit easy starting.

The important design parameters in low-gide design are
total refrigerant charge and charge tolerance. For many
reasons the total refrigerant charge should be held to a mini-
mum consistent with satisfactory performanee However, a
high tol may be y to imi theeﬂ’ectofa
varying distribution of refrigerant in the system
operation. A good low-side deszgn will achieve both objectives.

The amount of refrigerant in the evapommr is at its maxi-
mum dunng the off cycle and at its minimum vahie during
the running cyele. The suction piping should be armnged to
reduce to a minimum the adverse effects of the vamble clmrge
distributi A euitable liquid

EVAPORATOR

UIQuiD SEAL
STRAINER ~CAPILLARY

* Caplllury sefected for capaciy bafonce conditions. Liquid seal ot copllary
inlat but o0 excess liquid in condenser. Compressor discharge and suction
pressures norml. Evoporator properly churged.

CONDENSER

C
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DECESSary.
When a suction line heat exchanger is used, the excess capil-
lary may be coiled and located at either end of the exch

'Tm-ué:wﬂuqnim—l@ddnﬁombodxupnm
and

Although more efficient heat exch may be obtained if the

caues
may be ab “Nghsm:eapnmbelwwrnd.blbnulm

excess capillary.is coiled at the evaporator, experience has
shown that system stability is enhanced if a portion of the
capillary is located at the condenser, Care should, of course,
beexemsedmfarmmgthebendsandemlstoavmdlocal
restrictions.

In general, one should not locate all of the capillary at the
evaporator and precede it with a conventional large bore
liquid fine in heat.exchange with the suction life. With this
particular arrangement, an overcharge into the suction line—
plam the low side and high side in heat excha.nge relationship
in the heat exchanger and will result in serious instability. The
increased coolmg of the refrigerant entcnng the capillary, due
to the liquid in the euction line, increases the capillary o
pacity and reduces the liquid stored in the oondanser

Capacity Balance Characteristic

The selection of e eaplllx.ry tube will depend on f-he ‘appli-
cation and the 5"of ting One
approach to the pmblem involves the concept of capacwy
balance. A refrigerating system may be caid to be operating
at the condition of capacity balance when the resistance of
the capillary is sufficient to maintain 8 bq\ud seal at its en-
trance without excess liquid accumulating in the high side of
the system. (See Fig. 33)0n1yonesuchwpacwybalmu
point exists for any given A
curve through the capacity balance points for a: range of com-
pressor discharge pressures is called the capacity balance
chaadmatuufthesymm Such a curve is shown in Fig, 34.
Ambient temperatures are drawn on the chart for s typical

. sircooled system. A given set of compressor discharge and

Buction pressures are associated with fixed condenser and
: ! ..drops; therefore they blish the
mpxl!x.ry mlet and outlet presuxm.

'y balance istie curve for any combl-
mhag of a. eompmssor and capillary may be determined
e!De!'um!nhxlly by means of the arrangement shown in Fig.

dwhu:h makes it possible to mdependenuy vmy the suchon

until
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Fig 34....The Capocity Balance .Charas

Fig. 33 ...: Effect of Capillary Tube Selection _
on Refrigerant Distribution®.® .

Thedesxredmchon y be obtai "b )

the heat input to the low gide, usunlly by means of electric
heaters; the desired disch may be obtained by
means of a suitable controlled water-cooled condenser. A
liquid indicator is located at the entrance to the capillary, The
usual test procedure i3 to hold the high-side pressure constant
and, with gas bubbling through the sight glass, slowly increase
the suchon pressure until a liquid seal forms at-the capillary
cedure at various discharge pres-
sures will readily d the ity balance charact

tic curve similar to that shown in Flg MThmeqmpmentmny

COMPRESSOR nlscmnat PREBSURE

- ‘Ombdwﬁmndﬁbomdwuﬂm
enlering the copilary. Omﬁoaabenlhwbdmpmm
thmhhmﬂ*mﬂlm
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