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« Boilifig ‘film coefficients 'in evaporators when “the re-
fngenmt ﬂoun mndc plam or finned: tubes are- mﬂue.noed bv

wn.hn

{direct or reci: d)
3. Refrigerant dxsmbuhon_ T
4. Presence of oil - - : L
5. ‘Liquid subeoolmg prior to expanmom
6. Buperheat of leaving refri
7. Evaporator tempemum. e
. 8. Refrigerant pressure drop. . -

Attempts to correlate the film coefficient with the mass ve-

. locity of the refrigerant have been generally unsatisfactory.

Whether the refrigerant is evapombed on the inside or outzide
of t.ubu, the film ‘coefficients increase as the loadmg (ur beat
ﬂux) is increased. An nppmnmahon of ﬂus e.ﬂect is:e

weara(d) @
WweC;de,meonstnnts Lo
‘This above straight line relationst to be bl

accurate for halocarbon xefngemnts within the range
1000 <g/A <5000, in Btuh/(sq ft). .

The nature of t.he tube surface has a pronounced effect upon
the temperature difference required to promote boiling or,
conversely, the amount of heat that can be transferred per
degree of temperature difference across the refrigerant film.
A roughened surface provides more points on which nucleate.
boiling can form and promotes the formation of smaller gas
bubbles which are readily swept away to be repl.wed by quwd
refrigerant. -
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Fig. 7 .. .. Typical Wikson Plat

The term (u/u)** in Equation 5 of Table 6 in Chapter-4
can be eomndered as umty for most npphm&ons using water
or brme.

For liquid water'st tempemtum up w 23) F Fqunhon 14
of Table 6 in Chapter 4 isused. -

- For turbulent’ flow of liquids or gases across rows of tubea,
Equ&tmns 25 and 26.of Table 6, Chaptm— 4, dre genemlly
used to determine the film eoeﬁicmn

. The method formerly used to pmdlct va!um of the ﬂuxd
film coefficient A, when the fluid is on the outside of the tubes
was to predict values for cross-flow and apply a factor to ac-
count for bypasandleakngeam thebsﬁlesmdwbe
bu.ndle B

1341 have produced a meﬂ:od for accu-
mtely determmmg the fluid ﬁ!m coefficient h. when t.he ﬂmd
ison t.he outsxde of the tube surfaoe.

Refrigerant velocities mﬂnn the tubes of‘dry i
coolers must be kept above certain minimum values to obtain
good refngerant distribittion and usually to obtain satisfactory
oil return. A-minimum pressure drop for good performmee
is the result.

It is common practice to rate the performance of an evapo-

employ ‘the mult:—

" tube, counter-flow pnncxp]e. The fluid being cooled flowson t.he

outside of the tube and parallel to the axis of the tube or
tubes. The flow is considered as similir to flow through tubés:
It-is customary to consider d to be four ‘times the hydmul.lc
radius based” upon the total wef.ted perimeter when pressuré
drop calcul. T a.nddwbefourhmuthehy-

rator in terms of the saturated refrigerant
based upon the exit refngerant pressure. Pressure drop w‘ltlun
an evaporator results in an average refrigerant’ temperature’
higher than that of the rating basis. Within the pressure’
drop ranges given prevmusly, a decrmse in’ the triie valie of
the AT due to an increase in pressure drop is usunl]y oﬁ'set‘

draulic radius bm upon the poruon of the wetted perimetér
through which heat flows for calculitions mvulvmg the value
of ho Film coefficients for flow of fluids either inside or outside
tubes are greater with turbulent flow, low viscosity, “high'
themml conductnnty, small or ‘closely packed tubes, and
bypass and leakage in tmnsveme—baﬂie heat ex-

Sepuruhon of Coeffic:enfs—Analysls of Tesf

bya.nxmprovedﬁlmeoeﬂicmntor pr d fefri ¢ dis-"

tribution. © - - changers.
The overall boiling mfngenmt ﬁlm ooeﬂicmnth.vanesman

inverse manner with h A change.in:sup ‘. from:

8Fdegto14 Fdeginadry ansi coolermn 2 t.he

value of A, by as much as 12 percént. °

Dimensionless correlations have been developed"“ whemby
the boiling film ‘coefficienta can be mathematically. determined
when " the phymml properties’ of the fluid and the surface
characteristics are known. Despite this work1 expenmenuL
determination of the boiling film coefficients for each refnger-
ant in each style of evapomfar and with each met.hod of re-
frigerant flow’ conhul s (’.he safest method, -

Chilled hqmd Film Coefﬁcnenl

The Reynolds numbet and other diménsionless gmupsm—
volving physical constants of the liquid and the surface
characteristics can often be »-44-‘ nppl.ledm dicti
liquid film coéfficienta.s1213.u .

For turbulent flow of liquids orgasu inside of stn.lghtclm
mundwbm,Equahonsaor5ofTable6mChspta4 Heat
Transfer are generally used as the basic equation for the liquid
film coefficient.

One of the most uset‘ul malyhml plots at the d]sposal of f.he
engineer is the Wilson Plot. An outline of a Wilson Plot is
shown in Fig. 7. The reciprocal of. U .is plotted against the
reciproca.l of the velocity or of the fluid flow rate of the fluid
being “cooled. The value of the exponent n depends upon
whether, the ﬂtud being cooled is inside tubes, flowing parallel
to the axis of the tube, or is flowing across tubes by means of
transverse baffles. For flow through tubes and paralle] to the
axis of tubes n = 0.8. Various investigators have reported val-
ues of n from 0.55 to_0.65 for flow of fluids across tubes in
transverse baﬂied heat exchangers. A mmnnb]y safe value is
n = 0.6. .

Lines A and B rep: t tly diti of
operation other than the velocxty of (.ha ﬂmd being cooled.
For example line B might represent the operation of the
evaporator at half of the load reprwenwd by line A. Line B
tight also represent the performance of a brine cooler whose
brine viscosity is greater than that of the brine represented

< Fouling factors erv in (F deg ) (be) (aq 14) per Bt

Evaporators for Liquid Codling

Table 4 ... Recommended Fouling . Factors’ for Use m

.Calevlating Heul Transfer ‘Ratest.
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« Water and brine coolers' opa-atmg at'normsl-conditions do

mt Tequire the addition of a fouling resistancé to the reﬁ'lger-‘ .

ant gide. Caution should be exercised when esigning évapot
rators for service below. — 20 F becatise the oil. thilt;is cireu;
cireuit may. eongeal on the hnbe

_surfaee and ndd a0 appmcmble ‘mstsnee w heet flow. This

Appfndmﬂ
i L Tobes : lating & ugh the refri
Brine Coolam(BnncS:de) . i
Tnhibited salt brinea 0.0005 0.001 ‘
Non-inhibited salt brines 0.001 0.002 |
Solvent brines (methylene chlo. | .. -
ride, fluorinated - bydrocarbon’| - * -
refrigerants ¢, . None . None
Water Coolers (water side) .~ - N
Recirculated water, closed systems|  0.0005° ' ° 02001 .
Recirculated water, opensyatmm . 0.00L | 0.002
Non-recirculated water: . . | Use 3§ of that allotved for
L st . ..%.+ .]'condenser service but in
0o case less than 0.0005.

by line A and which is at a lower t

- gesies Ioadmy,
eonmpondmgfan(AT_)ofledegormom attheln,ghet
velocities The lower -values of: U’ apply to. Inadmgs éore-
% ég and le:

Thephymmlpmperhmofsﬁmqumredmurderwml-

than that used to determine line A. The scale 1/v* must start
at zero to make the plot of value. When 1/v= equals rero or
infinite velocity the resistance on the fluid side theoretically
equals zero. The intercepts of lines A and B on the 1/U scale,
therefore, represent the sum of all other resistances. The fluid
side coefficients can be determined from the alope of lines A
and B.

Fouling Factors

Resistance due to fouling depends upon the material of
which the tube is made, nature of the fluid, and fluid velocity.
Copper tubes usually become fouled at a slower rate and to a_
lesser degree than steel tubes. Fhid velocities less than'ap-
proximately 3 fps promohe add.\t.xonal fou!mg by permitting
static of di fuid velocities
for, copper a.nd steel tubes are from 5 to 10 fps providing
ions are not ded. Table 4 lists
ist: The values are expressed

p |
ded fouling

85 1/hu,.

Table 5....

d heat transfer film coefficients k and pressure
dmp are: (l) densxty or gpecific gmv:ty, (2) specific heat, (3)
4)

Yy B
The properties of water are given m Reference 12. The
properties of calcium and sodium chloride brine are given in
Chaptex 21. Some properties of ethylene and propylene brine
are given in Chapter 21. Additional information may be ob-
tained from Reference 7 of Chapter 21. Properties of tbe
aloohol brines are given in Reference 17.

REFERENCES
_ ! Standards of Tubular Exchanger Mmufadunn (Tubular
<t York, 1852, 3rd
'Joseph : Design heat hangem more e:ncuy

{Chemical E ng, April 1956, p. 181).

3 Townsend Tinker: Shell gide hamcmztiuofshellmdmbc
heat exchangers (ASME No. 56-A-123, 1856).

40.P. , K. J. nndMDLughton Heat Trans-
fer and Flui FrwtmnDunngFlowAcrosBanksqu‘uha
(University of Delaware Engineering iment Station Bulletin
No. 4, 1952, Revised April 1958).

Overall Heat Transfer Coefficients for Liquid Coolers
Type of Evaporior ’ Misimom | Maxizom
Flooded shell-and-plain-tube (water to Refrig and 717) 130 190
Flooded shell-and-finned-tube (water to Refrigerant 12 021-2' 22) 90 140
Flooded shell-and-plain-tube (brine to Refrigerant 717) 45 100
Flooded shell-and-plain-tube (brine to Refrigerant 12 or ﬂ) 20
Dry expansion, shell-and hmhxbe(waurmkdngemntmﬂmﬂnmd t in tubes) 80 160'
gg expansion, iell—am:gzwnd—ﬁn(bed -tubes (water to Y ?’)or ﬂ)mnguwt in mbes) lg 2?3
expansion, shell-and-plain-tube (brine to Refrigerant or71 1

Dry expansion, Shell—e.nc—-ﬁkaal finned-tubes (non-salt brines to tngu:ﬂ) 100 170
Shell-and-plain-tube coil (water in shell) ) (Refrigerant 1 or 717 in coil) 10 25
ﬁauddoteoo!u flooded (Refrigerant 12 or 22 to water) >3 100 200
‘3&ud:h'. oooler, dry expansion (Refrigerant 717 to water) 60 150

cooler, dry (Refri; or 22 to water) 60 120
Double-pipe cooler (Refrigerant 717 to water) 50 150
Double-pipe cooler ngemn'. 717 to bnnc) 50 125
8pray type shell-an water coolers (Refrigerants 11, 12, 22, 113, or 717) 150 250
Tonk-and-agitator, coil type water onoler (Sooded, Refrigerant 717) 80 125
%:;ﬂdwuw(ré;oﬂ f.ypet I;:_t,e)r cogl:r (ﬂood&, l;f!: t 12 or 22) iﬁg 1%

ammonia rigeran: to brine cooling, tween can in ice tank

Teak, high velocity raceway type (Refrigernnt 717 to brine) - & - 110

—




