Lehigh University
Lehigh Preserve

Theses and Dissertations

1989

Overall heat transfer coethcients, pressure losses,
and correlations for serrated finned tubes /

Robert W. McDonnell
Lehigh University

Follow this and additional works at: https://preservelehigh.edu/etd

Recommended Citation

McDonnell, Robert W, "Overall heat transfer coefficients, pressure losses, and correlations for serrated finned tubes /" (1989). Theses
and Dissertations. 4934.
https://preservelehigh.edu/etd/4934

This Thesis is brought to you for free and open access by Lehigh Preserve. It has been accepted for inclusion in Theses and Dissertations by an

authorized administrator of Lehigh Preserve. For more information, please contact preserve@lehigh.edu.


https://preserve.lehigh.edu?utm_source=preserve.lehigh.edu%2Fetd%2F4934&utm_medium=PDF&utm_campaign=PDFCoverPages
https://preserve.lehigh.edu/etd?utm_source=preserve.lehigh.edu%2Fetd%2F4934&utm_medium=PDF&utm_campaign=PDFCoverPages
https://preserve.lehigh.edu/etd?utm_source=preserve.lehigh.edu%2Fetd%2F4934&utm_medium=PDF&utm_campaign=PDFCoverPages
https://preserve.lehigh.edu/etd/4934?utm_source=preserve.lehigh.edu%2Fetd%2F4934&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:preserve@lehigh.edu

Overall Heat Transfer Coefficients,
Pressure Losses, and Correiations
For Serrated Finned Tubes

By

ROBERT W. McDONNELL




S,

OVERALL TEAT TRAUSFER COEFFICIENT

PRESSURE LOsSES, AlD COREIATICIHS

FOR SERRATID FILT

ED TUBIS.

by

Robert W. I'cDonnell

Lehizh University

Bethlehem, Pennsylvania

June, 1949




This thesis 1s presented to the faculty of
Lenigh University in partial fulfillment of thre
s requirements for the degree of laster of 3cience in

Cnemical Inglneering.,

vt S T Apxma%

r.obert W, lcDonnell




Acknowledgment

This project was sponsored by Davié &, Kennedy,
Inc,, manufacturers of "Tilco-Fin" tubing, and was
carried out under the supervision of Dr. Darrel =,
Wack, The author wishes to thank Dr, Yack for the
rnany inveluable suggestions which

The suthor also wishes to exoress 1is appreciation

ot

o ¥r. %eorre Lynn, for nls assistance in construc-
tion of the experimental apw»aratus, end to V'essrs,

“iedler, Yountsier, Voncersmith, Cullen, rarseghian,

Jeard and Brown for thelr aid in obtainine data and

in calculating results.,




Table of Contents

Surma.ry

introduct’ on
“rat Lrensfer "nit " omenclature

- Poe R T
‘L - ALY OITLiern

2 o o N
ion of < orroatus
AJ .

t
tion of Instruwents
o

yre blon ol Luootes
Troneriqnental Procedw
sarnle calevlationeg

sn of _.esults

o
1

[
Pl
ey

T - . N SN G o bt
oot rpngfor Toveelohioyw

off TheorT

ola)
sslcn :
caleuletton T

. .
. . .
ston of ‘egults

N
1%
o

bh

YOG

o~

L

RSt
NP )

-
_

=
N
e

1F

ory

[
e
L.
o0




Table 1o,

=~

TTT YT

Y

I

List of "Mables

f‘J-
3
e
pe
A
]
o=1
e
=3
,

Or1

OGoprectes Sata~-.om =3 '

-

(alculated Deta~~un =93

C 1 S DU . R . BIPN . 1.8 -
mnter-S fay Creagure Lo SJorreletion
SN | reoore - = e oo ot oy
it 107 /&)".L ST LT ut -,;O C

Prime Tube S1lze Prezgure _rop Torrelat’n

ot o~

ot 7V




e

Figure No.

1

1C
11

12

17

18

19

List of Figures

Diagram of Azparatus

Temperature vs. Time, un R=3

Relative tumidity vs. Tire, DRun 1-3

mn

Overall ideat Transfer Coe : ,
and Pressure Zrop, AP, vs. Time, Pun 3=3

U and AP vs. time, Run 2-1
noon oo u TS

WL
noo noon 1 noo_g

' LI i n

1t ! 1 Rab
noon noon 1 i D6
1 ft i " 1t tt iy
1 1 1t 1" i 4 "8

sketch of Test Aovunaratus
Sketch of Iefrigeration & paratus

Diarrem of Steam System

Overall Beat Transfer Coefficient, U, vs I'ass ‘ate
of air Flow, &, Tnit 107 7/8-1.875-5=

LN A
e

U vs. 3, A1l One=Tnch Tubin -

3 -~

U vs. 3, Aerofin Type Tnit {/8-7-1,5-3-43

Pressure Dron Thru Emoty Duct(¥o Unit), vs. Zate
of Air Flow, W

Q

Corrected Pressure Drop, AE, vs., Vass Rate of Ailr
Flow, G, Unit 107 7/8-1.875-3-35, Isothermal Air
Flow at 25°F,

AH vs. G, Units 107 7/8-1.875-3-35 and 107 1/8=-
2,125=3-32,

AH vs. G, Aerofin4Type Unit 5/8=7-1.5=5-43




22
23

24

28

h_

Heat Transfer Correlation, |CpG

Feat Transfer Correlati on,

eat Transfer Correlation,

Jeat Transfer C
mnter-Shaw Pre

Prime '"uhe Size

Prine Tube olze

0.927 Re”

0.826 eV

orrelation,

lb‘

0
0.234

1D K 0.4
K CH
437

sure —ron Correlatinon

12

Pressure ~roo vorrelation

Pressure

Lren

Sorrelastion




B i s

1.
Summary

This report is divided into four sections presenting
the following information: (1) overall heat transfer co-
efficient end pressure drop data for a three-row serrated-
type finned tube heat exchange unit (Tilco Unit 5875-1.5-
3-45) when used in alr refri-eration; (2) overall ".eat
transfer coefficient and pressure loss data for three-=row
units of 107 7/8 and 107 1/8 serrated tubin- end for an
Aerofin-tynoe, Helically-waund,'S/S inch=tubins unit, all
used for air heating; (3) a correlation for all heating
data; and (4) correlations for pressure loss date,

T™is project represents a continuation of the weor's

of t'oust, interleiter, and !‘eXinley, and the correlations

these investirators,

Part T - Air Zefrlreration

All experimental data presented are for unit 5375~
1,5-5-45, Tests were made in compliance with specifica=-
tions of the American Soclety of Hefrigeration Tnglneers
for testing tempering coils in the refrigeration range.
Since these specifications require that the air coming td
the coils be at a temperaturc of 38 degrées Fahrenhelt and
have a relative humldity of 85 ver cent, 1t is necessary
to recirculate completély the cold air through a return

duct, and to humidify the alr before it returns to the

coils. Runs were made by turning on air blower,
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refrigeration, and humidifier sprayef to cool down the
apparatus and to bring the air temperature and humidity
to the desired conditions; turnins tﬁe refrizeration off
for six minutes to defrost the coils; then turning the
refrigeration or a.ain to begin the run. 7The “ir velocity
was held constant t'rouchout the 50 minute duration of the
run. A Mook tage manometer was read to détermine the
ovressure drop., The temperature and “midi £ty before and
after passing over the colls, I'reon temperature and ori-
fice manometer were read to calculate the air flow rate
anci overell coefficient,

Plots of temperature and relative amicity of the ailr
before and after passin: throuh the colls weore made Tor

use in calculation. 2Points vmsed in csleulation were taken

s
e
6]

from snooth curves drawn throu W the ravw cata,
smoothing of the data was necerssary because vemporary Ifluc-
tuations of tne temnerature and humicity resultec 1in srra-
tic calculated values of the overall coefficient, Plots
of overall heat transfer coefficient and opressure droo
arainst time are shown.

it wes found that hoth tle overall heat ftransler

coefficient and pressure drop are functions of time.

The pressure drop increases with time, while the overall

coefficient increases for a short time while tle tubes

become filled with Freon, then drops off to some value

near six B.T.u./hr./sq. £t/9F. vwhere it remains constant

or néarly constant. After about 40 minutes the overall
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coefficient starts to decrease azain. The coefficient
of heat transfer i1s seen to be neerly independent of air

rate, of air inlet temperature, and alr inlet »»midity.

Part II - 4ir Heating Tests

Tieat transfer coefficient data in the air hreatin-

ranze are presented fors Tilco-Tin Tinits 107 7/8-1,375-
3-35 and 107 1/8-2,125-3-32, and ierofin-tvae "nit 5/5-
T=le0=3=43,

‘ans were made hy admifttin steam to thw ‘nsice of

the btubes and »Hasgi» - 2air seross the natside of e tubes

-

. 3 . rn K I T T . Y l S e
ot o measured rate, e guentity o heat cochoen en vns

ceterm’ne’ Dy measurine the chuon e iy olr bamerature.  An
overall coeflficlent wvas caleuleied frov ©ls curntlbe, the
heot teonefer aren, ano the lo o meon btemder-ature CLilar-
ence, Plots of the overall hest transer coefficlicent
versus the maevs rate of alr flov were ontalned Tor eofch
units

e overall heat transfer coefficlents Tor ong inch
tubes were fomd to be indeosencent of fin len-th, mvmber
of rows, onc totel nu-ber of tuhes, -nd o te cboni 50
ner cent less thon the coefflcients lor five-el hths Iinch
tubes. he overall heat transfer coefficients for five=
eigﬁths»lnch Aerofin-type tubes were founda to be about &5
ner cent less than for five-eichths inch Tilco-¥in tubes.

Pressﬁre drop data are presented for Tilco-Fin Tnits

107 7/8-1.875-3=35 and 107 1/8-2.126-3-32 and for the

Aerofin-type Unit 5/8-7-1.5-3-43, The pressure drop
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4.
through duct and unit was measured by means of the hook
zare menometer, and the corrected pressure drop was ob-
tained by subtracting from tYe measured pressure droo, the
pressure loss throuzh the empty Cuct at a corresponding
alr rate. Tests were made isotmermolly at 25 desrees
Centlzrade, and also with the alr Dein: heated as it
vassed throu-h the unit,

The ilsothnermal oressure <roo was founs to be lower
than when tve air was “eing ™sated. Pressurc éronvs for
107 7/3 and 107 1/8 tubing were neerly the same. e

aresaure Groos for the aAerofin-tyne Tmit F/8a7-1,5-0-45

-

are less than those for the similar Tilco-"in Tntt Ho'Ti-
1.5-0-45 at volues of G lovar **an ohout 3500 nounds ver

b - . . ol o . O N - o~ e e
wour per sg. Ct. oof net Tree area, and ore  percter at

velues of Y slLove 3000,

r

Pert 17T - Yeat Transfer (orrelstions
1t was found thet all heet transfer data wev he

correlated by the exnressions:

) feate ) B -0.t5
(o3& i = 0,927 Re
e =) & o = 0.826 ne ©r437

X cCHp
These correlations hold for one, two, and three row units
of 587% tubin: in air heating and air cooling, for 587 3/4
tubing on 1.5 inch centers (fins overlapping) in air

heating, and for one inch wnits 107 3/8-2.375-1-9,

107 7/8-1}875-5-55 and 107 1/8-2,125-3-32 in air heating.



Part IV = Pressure Drop Correlations

The Gunter-Shaw pressure drop correlstion,

£ _ .AP 9 DV f _)i_ D.14 Dv ~0.4 S, -0.6
27 Terr ) () (5
was found to be unsatisfactory, and the correlation,
oP 9 D
N V?
1s »nro»osed instead, '"™ile neot wholly s<tisfercorr, the

v X

]
8

latter correlation brings to~ether oll »ressure dros deta

(excent those for Tnit 107 3/4

- .2 R IR r i ) Ea T . SN - N e E R T SN s
cevietion ol ab- bt 17 =er rent, The D0 7Iepliroin o oormras
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Introduction . \\
The nurposes of this renort are rmltifold., It was

Falal]

desired to deternine the overall heat transter coei®!-

jav]

ted-twoe finnmed

cient sné pres=sure 1ossé3~0f 5/8 inch serr
tube heat éxchangers when nsegd in refriyseration ap- llce-
tions, previous nvestiretors havine deferm nec the ner=
formence of 5/8 inch units in tre alr heatlng and olr con-

ditioning ranges. I%;ros desirad Lo fceternine

on of tuhe/ stze and fir lenst™ on e oversll

j—le

of wariat

heat transfer coefficient ~nc wessure dron: oatho

PR S

desired to corpare serrctoc-tyne fine with "olleplly-

vound fins; ond Mest transfer ond oresours Groed

4

tions for cll fin and tube sizas ere “eglrol,

CI e o o
0N ¢ haracty l"m"}‘uJ.CS,

o
3
Jv]
ot
e

In order

.- - - - -

L I TAaA ma et ot e s LT ERCTIE RN S
tegts vere carried out on Tileo-Tin it DOTyeliOmom=o

il

The sneclfications of the Americon woclefy of .efrirera

3

tion Encsineers for teatin: refrieration coil
<

Y

as clogelwy =s nozsible, Tt wos found thet unlike tho ~ase

iy

] .

for air heatins or coolin,;, esuilibrium coniltionsg are

P

never attained, snd the overall hest transfer coefficient

is a fnction of time as well as of the mass rate of air

flow,

In order to determine the effect of fin size on heat

transfer characteristics, tests were nerformed on Unit

107 7/8-1.875-3-35 and Unit 107 1/8-2/125-3-32. These two

units are similar except for the dif ference in fin length,
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the fin length of the first being seven-sixteenths inches,
and of the second, nine-gixteenth inches.

Test on the one-inch units also serve to prOVide
data for comparison with t-ose previoﬁsly obteainec
éiWchs ine* orime tube size, '3 rownarison shiows thc
effect of varving nrime tube 4

Teats were made on an erofir-tuoe celicol lyerount

P n=tube un’t in order Lo conora thlz ool it oa Jllen-

tae serratec £iv o unit hevin s the aneo sive, rrier oo
. . B T DO, W
eonet: of tmhes,
Tt owas desired bo covrolote all Clech tranclon Coia b

Fal - [ 1o r e £ e oo P ILPN
L one o oo atanaery Doran ol ocenn Lrhrgrer Chel

. LN H 1
LS cCNoonaens

sure crop cor-elation for 1o cate, ono 17 Yhlp covrelos
tion folled to correlate W7o dote, Lo dincover sone 07 0T
. Fal o - .,

means of corrslation,

In order to prevent tris reovort Irow assuming

A~

marmoth pronortions, the dats oresented are rrofiricted

' tel aota and

to semnle date lor sach tyme ol sroeriwent

PR . o

each correlation., O

slete deta o»c presentec in S
author's three nrevious pro-ress re»orts (2, 10, 11).
All data obhta.ned are represented :raphicelly in this

renort.
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‘Heat Trensfer Tnit

Nomenclature

In the reports of Woust, Hinterleiter anc .:.cKinley,

various heat exchange units were

unit mmbers by each investizato

”

fro: dilferent investi ators call

¢t fferent nurrbers or lefhars an

aeme numbors or lerters, o cll

gvster of wnit desionatlon was de

RPN - P
thig renort.,

.

d- R L - LN B
a gvaten hog the Jepirable ~ualitics o

arbitrerily azsirned
v, Confusion resulted

Lin~ the came wnit o

T'\ Fa)

event unlts by t-e

. 4o 5 S PR BN R4 T
vinate suceh ot lmity, a

exclisive desi netion for each wn'lht, comnlete descrintion

serics of numpers. Me sarticular fin ed tubes of »ich

*

tme unit is comnosed 1s cesimnat

of the tended rarface Avision

mamufeacturers of £ e tute (13).

indicate the ountside dinmeter of e nrime tuhe, g T

nroer desirnates the fin ni

q

the fins. 'mg 5875 tube indico

vy

wer tg nged fo indicate thie overall outs

ed accordinr to the syster

of Tavid 7. Jenredy Inc.,

4 . ;
ot Two raisers

),

- K N -7 el R o ey
per inet, e Tonrethy e

Ce imaeter ov.r

.

tes 2 tube nving & o/0

inch 0.D., wit: fine soaced seven to twe "nch, and with

LR N )

the overall diameter over the i

ns one and one-~half Inches,

In order to designate the arrangement of the tubes Iin

the units, another series of numbers is employed. The

firat number indica tes the distance between tube centers,
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‘The tubes are spaced with their centers on equilateral

triangles. “The second number designates the number of

rows of tubes, ant the. third number desimmates the total

number of tubes in the unit.

4

All the units have a»nroxinmately the same overall

face dimensions, The tubes ere always two feet long anc

L7

the number of tubes per row 1s ensuch so that the row s

e Ly

aroroximately two feet. em, then, ol1l units

3

wm
Ty
[as]

re desirmated unebnmi;uouslv, for there will te only one
v AR | P

o

sy A SR AT e

: arrengement of the tubes oonsible,
i

L3 an examnle consider the un’t BA7 1/0-1,5-5-4d,

"he tubes are as describecd above, spaced on centers one

D

and one-=half inces apart. There are three rows of tubes,

fortv-four tubes in all. Tt is obvious that *he arrene-

R R it

@
[63]
ct
-
]

=ent of te tubes must he: fifteen in te Tir

te
93]

fourtsen in the second, fifteen in the third, since "

is the ounlv nossible arrangement of forty-four tules

spaced on equilateral triancles In %wee rows,
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Description of Apparatus

The test unit, constructed by Foust and modified by

Hinterleiter an? !cKinley is described in Pert IT of this

report as it was used In the air heating snd air cooling

n

tests mede »reviously. Consicerable modification of tre

unit was required for the alr —efrigeration

In order that the alr coming to tha cnils he at 2

temne rature of 38 deirrees shrenhieit, in accordance with

the sovecifications of the ‘mericar Soclety of “efriceration

“n:ineers for testinr refrigeration coils, it Is necessary

2 T e e S X 7 T 4 1

to recirculste the cooled air., 7o accomnlish this recir-

culetion, & return duvct wes constructed, This duct Is

made of palvenized iron, ten inches scurre, and 1s loceted

[

above the ori~inal wnit. ‘The return duct returns the air

fro= the blower to the cooling coils., Three campers are

e s NS YA

nrovided in the return duct fto vary the amount of recircu-

lation, and thus to control the termerature snd humicdlty

L RS T T R et L T

of the recirculated air. The first danper ovens to the

vt

:
i etmosohere directly above the hlover. The second 1s

5

| located in fthe duct itself, five and one-»alf feet from
5

s

the first daner and one=nalf foot before the third damper,

ATy

which, like the first, ovens to the atmosphere. With this

s

arrangement, air from the room may be bled into the system,

and the degree of recirculation may be varied from 0 to
100 per cent. Throughout this series of experiments com-

plete recirculation was used.
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At'a point midwey between the ends of the return duct,

o humidifier sprayer is provided. This hunmidifier serves

to increase the reletive humidity and to decrease the
temperature of the air as it is returned to the coils.,
The humidifier consists of an atomizer-tyne sprayer. Com=
pressed air at anproximately five pounds gage pressure 1s

used to spray ice water into tie alr stream. 4 larze

reservoir above the sorayer Adrits water into the sprayer

chamber as the water from it is sprayed into the eir strear.

A bend of two feet radius at tle end of the return

=
=

‘ duct, followed by an expansion section, delivers the al
to tHe ¢oTTes A system of screens 1ls provided in “ne ex-

pension section to distribute the alr uniformly across the

ST S TN

fsce of the goil. Data for face alr velocitles are pre-

sented in e Chemistry 99 report of ¥iecler, Mountsier onc

e T T

g

H
I :
; ; Vondersmith (1).
.
) : With opﬁxjide of the unit no lonzer oven to the atmo-
' : sphere, 1t wasnecessary to add a second niezometer ring

to the unit in order to measure the pressure dron across
the coils. The piezometer rincs are connected to the

R

legs of a hook zaze manometer. The hook is raised and
lovered by means of a threaded wheel, calibrated to read

directly in thousandths of inches of water pressure dif-

ference.

mwo thermometers and two humldlty meters are provided

" to measure the temperature and humidity of the air before

and after passing over the coils. A window immediately
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in front of the coil allows observation of the’icing of

the calls and reading of the inlet thermometer and humi-
dity meter. ‘A similar window, located after the mixing

section, enables reading of te outlet temperature and

humidity.

In order to attain the desired low temperature, the
apparatus was covered with two layers of asbestos vaver.
As this did rot provide sufficient insulation, a layer of
one-querter inch thick cork was added, and all exposed
cold metal surfaces were covered with o black olastic ’n-
sulating compound to revent conCensation of moisture on
these surfaces.

A Gisgream of te apparatus is to te found In I'i«ire 1.
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Calibfation of Instruments

The thermometers were all calibrated against a
Bureau of Standards Thermometer. Calibration data for
the thermometersha&e reen vresented in a previous
rebort (12).

.The hmidi tv meters were calibrated by plecin: them
in a dessicator along with various solutions which main-
tain known, constaht humidities. Séturated agueous solu~-
tions of various substances in contact with an excess of
a definite Solid phase at civen temperatures maintain
constant humidity in an enclosed svace, Solublons of
five different salts were employed ~ivinz readin=s over

a range of values of relative mmidities from 31 to 92

per cent. ™he results are -iven in a previous renort (10).

Since the humidity meters gave such close aireement with

the true rmidity, especially through the ranve of reletive

mnnidities involved in this experiment, the meter readings
were accepted as read.

™e effect of the air stream on the meters was found
to be neglisible. *eter readings are ndependent of
direction of air flow at the air velocities employed in
the runs. It was discovered that sudden changes in humi-
dity or temperature cause the various meters to give
widely divergent readings, but in the experiments the
humidity end temperature both changed slowly, and little

difficulty was experienced from that source.

e e e e S,




Teat Procedure

It was'desired to follow, insofar as possible, the
specifications of the hmerlcan Societﬁ of Hefrigeration
Engineers for testing refrigeration units. "™ese sneci-
fications require thet the alr coming to the coils be ¢t

a termperature of 33 derrees Tanrennelt and nave o relative

'mmidity of 85 wer cent, and thet the unit be run with re-

[%

friceration on for forty minutes followed by a Gefrosting

L5

period of 20 minntes. Tt wes impossible to maintain the

i
i 2ir ot 08 de-rees “atrenheit for & 20-minute defrosting

s

'
&
; han six minutes with the temperature ollowed Lo vise as

A

S T A R R R

the colls were defrosted, Therefore, runs vere nade oy
turning the refriceretion on to cool the alr SnC 8000ratusd

helow 38 decrees “ahwennelt, turning te ref»ireration o

for six minutes to cefrost the coils, and makin a run of

50 mimtes duration with refri-eration on,

5 To make a run, a4 zero readinz of the hook rave mano-

meter vias obtained with the blower off, and the alr blower

end refrigeration compressor were turned on. Ihe alr rate

o
e

was set at the desired value by wervins the setfing ol

e

=

_txe sliding demper above the blowér. The reserveoir of

R N T

9

the humidifier sorayer was filled wit» ice water, anc the

air compressor was turned on to spray water into the alr
stream. “hen the temperature of the alr coming to the

coils dropped to 38 degzrees Fahrenheit end the relative




humidity increased to 85 per cent, the refrigeration was

turned off while the alr blower was kept on to defrost

the coils. The humidifier was turned off, since defrosting

} ;
' : the coils increased the relntive humidity of the reclrcula-
: i ted air to some value :;reater than 85 per cent.

At te end of six minutes time the colls were no
longer covered with frost and nad stopped drivpinT mois-

ration vas turned on and te run vemMn.

]

D

rig

-

ture; the re:

oo

Te humidifier wes bturned on a ain to maintalinp the rel

tive mmidity et 305 wer cent, woha were taken at two-

minute intervals for ths

minute intervals Tor £he next 12 w'nutes, and at four-

Lo

‘ntervals unt' 1l the ena of e i,

minute

g following cuantlties vere recordec: Al tennoeras

T

1)

{2
+
4]
&
-

ture hefore me-sin ' over t'e coolin: coll

(@]
o]
-
ol

Telekive mvaillty before nassine over the coolin:

(l.el, um. In): &Lir temperature after nassin_ over the

1

o

cooline coils (Temp, Omt); lelative Mwvaidity after nassing

3\

over the cooline coils (Rel. ™wm. Out); Freon femverounre

Pal

(T): %Hook a-~e mreassure droni. and Orifice monometer

differentisl head (h).

-t
-') i
LW RN
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Sample Calculations

Air Tlow

FPor the orifice emvloved (2):

20200 k Vp

¥

-

nounds of eir

=
1
QO

. dimensionless orifice coefficient deooandent
on the eynold's | i

Lo

Lo, ounds ser cublce foot,

air cdensil

ASOIUTS 0N ACTross Oord

nlob

terperature

the

temnerature of

sng from e olev of K oazalnet i., i

teroeratore ©f Lha value of oy

Jor Lom =G
= 20200

I 20200 (0,729) (C.2218) 2,18

VoZ 8120 hounds oer o

.....

vhere T Z pass rate of olr Tlow, oounds of s£ir ver our
ver square Toot ol net free ares,

A = net free area for alr nasseze through the
neat exchange unit

R=33



e s

o~ //‘ \j_\\

J\

G = 6120 g .3135 pounds per hour ver sa. £t. net
1.952 free area

Overall Heat Transfer Coerfficient:

Tn calculating the overall heat transfer coefficient
hy usin-~ the deta as re
ovsrall coefficients a alast tilwe, while showins e defind

FRNTEN

trend of the coefficient te frod of &7 slishtly with time,

ie of smoot mess In

ratlic end bumy,

the curve 1s canced hv 2li Mt ercors ‘n reacdin. thrrmorcters

LA, -
Lemnero -

J . Fel Semm o 2 . s ..
coary Tluckustions in
,

7 meters o by momen

ey | R N A O T TT O e
ALt Ol LETHOoraTty AL A=

'

Tsvam Yo b ~Aamad e
' ' (_l,;.., N /O.‘:_) L J__',/

tion I "wmidlfier e e omeons of Tm-

fa) L
S0 T Es

@

arovin © tho results, the raw dats s ere corrected

e At e vioys A b A
Vg (et e TIere cOorranten

el

.
e

Fonray e s

~ne ontlet

relatlive mapiditiaa, A amonth cvvrvs e dravmnm

outler

thron h “e soints. foints ~here the %emaﬁﬁ}ture momer-

——————
\ g

tarily inereased -re-tly aid wints where the Tunldity

5

€»
-te

l’l

momentarily decreaser jreasily were Afavwecarded since ther
vere csused by occasional short-lived malfunctionin~ oI

ths haumidifier sorayer. Plots of temperature and um

7

ties a.ainct time for Nun R-3 are shown

3 Y - NS By
In M1ures oenn S,

From nlots of temmerature and humidities arainst
time, new data were taken, anc these data were emnloyed

in calculating the overall heat transfer coefficient.




18.

‘

All Centigrade temperature readin-s were converted to

Fahrenheit,

Ps .

In order to calculete tre amount of moisture condensed

out of the air, it is necezssnry to cesermine the

mmidity of the air before and after -nssin - over 70 colls,

NSRS

Since

¢

,,',\1”,,1. S

i

P RO pop =y w e

AT T

£}

i

[
uf:‘tt-

Al

#

EPERSEY

SRR

2

L 2

T_:‘OI'A

E;

RN

s

Ti
h:S
8!

r\;;A
.

“hbs,

(0.79)

3\

I

i
pound of dry air.

1t

Abs.,

B~
[

TR N
-
-3

he absolute humidity of
particular temperature ma “c obtained from zenerally

available tables of saturatédvmoisture contents of alr at




Tyt

= e

varions temveratures. The teble in Jenninszs and Lewls,

"Air Conditioninw end “efrireration", was wsed In trese

L.

calculations (7). It s necezsary to Internolate Trom

ot

| Sdd
-
LN
ol
0
5
o

the tahle since munidi

£ . gy ™1 N R N R
Ol Temdierature, e dGlrioeranece s oo ’J.’?-S‘:?”ALLT‘.;.'_}' COManing,

encd linenr ‘nbternolation veg emnlored to dotermra Rhe

<t

N .
2 IO
100 Cee

.
.
‘-
"
]
e
+
i
3

EoOoUM s GL 0Lz
\ae v,

(€120) (0.2575) (£.40) = 2830 Lt cor

O .

L

Tt is assumed th-t all the water condensed ont re-

I

mains on the fins, is frozen and cooled to the temperature

4

of the ¥Freon inside the tubes,




B The heat transferred from the Freon to the water is
- the sun of the heats ’‘nvolved in: 1. coolin, water venor
‘ ' : from the inlet temnerature to the temnerature of wiich 1T
i ‘ ) L. .
or to the ternersture at whic: 1t lesves the
] coils: 2, Condensing watsr vanor; o. Conlin
Pror the temmeraturce at voieh 1t vas condenser Lo e
- temnersture of which 1% “ecracr: &, Freezin: 1l-m7'a
vater: C. Joolin solld Llce Ffrom tho Tomne pivrs oo leh
r"Tw [ ~Ye 1= [ER oY e SR k) = v o
rosnen Lno oo TEON LeTHera U e
ape ot Per e gt iooynprhant onl e ol UL oo P
E sanGo
: i
kel
i

L7 PR P - e
ties 1., 3., snd 5. rre o e orcoer U less poon U0

PRI SRR B

~ At R
SR AR RV

Tun, vornced ol to toe norrest

ARG

PR

RSN

-
concergsesn

He 1t freezes. Tus :

quantity 3. is elirineted in e calculetionsg. uvantifn

1. becormes:

— — Min - 32)

Qg 0 vanor :.Hﬁbs. in. m
2 T(C) (
7000 P

where QW'O vapor = the heat involved in cooling water
4 .
R vapor from the inlet temperature to




, B . N L the temperature at which it condenses
J ) out or to the temerature at which it
. y leaves the coil, B.t.u. ner “our,
' ' b n "= auantitv of moisture in the inlet =2ir,
: 000 pouncs ner nour.
_i .
n = mean snecific weat of water vanor
over tre temvereture intcrval, E.t.u.
oer nound oer Carree canrer elt,
the if'Terence hctraen the ternera-
~ture o the water wanop in an, fhe
temmerature ot which 11 condenses,
for that v~igh cordengeg: ma T8 a9
' orox.nately eourl tn toe temoerature
dirfTerence between water vevor n ono
Tetor vepor out, Jor thinn ovilc Goes
not condense,
‘ Jor nn 3=8 at

n.as (9120

7000

'2:'3’30 V‘g';rn or

W g VOOOT = 64 otum, oo o0
.

g

mont ity L. ola lven b

) an1 YO o -7 r -~ P e N
L0 SOL1E T LA T ny (he oo
< 7000 :
TTer e i solid = the avount »f ™eat involven 1»

)

20 cool’n solid 1 ro» the “empere-

c
ture at i~ Lt freezes to the
termerature of the 1iamid “reon
ingice the coils,

AT = Ty e Ty ognp = TIOTLLEY of »ir cone
Sl e Ll Lol e U

cengec, relng ner onr,

mean soecific Meat of ~elld ice ~ver the

temperatire intervel.

2 S e I I,

ireon temperature.

t = 14 mintes:

£.49 (6120) (0.43) (32 - 15.3
=550 (6120) (0.43) ( 9)

35 BeLosus per nour.

O
Pl
N
o
¢
O
S
O
!

Qg vepor + Qo solid = 64 4 35 = 100 Bebols
” per hour,




Quantities 2. and 4. are given Dby:

Quoo conds = (8H) (W)  (Iy)
0 7000 v

t o , Q freez. = (AH) (W) (Lp)
| ik 0" 7000

where LV and Lf are the latent heats of vaporization enc

§ fusion respectively, both at 32 degrees ahrenielt, 3.tou.

ner pound.

TR

e totsl neat exchen ed, rreon to wrier, Lhen

BT

becomes:

14

0 conG, + QE@O freez., + 100

(8) A7) 7 ey 4 e
R E L'fdofo’““‘ (T+) + 100

Yo = L8 0) 1) (14 4+ Te) 4+ 100

Toyr Jun R=3 at t = 14 minutes:

e = 4000 Tuhu. oer hour,
[

i

The total smount of “eat exchanmed i the = of

the hests nvolved fn tie watsr and in the eir:

i

=

Ytotal ® Tatp T R0

Tor «wn 3-9 ot © = 14 minutes:

1

B = 9560 4 4880 = 148240 3, t,m, ver honr

ttotal

T.0o mesn Lermoereture dl "Terence:

IeYsy oA 2 o
P RO O § o s + Lol - A

A Trmean = (Tyy - Tp) (Tout-‘TF)‘

In Tin “ATF

Tout -TF
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For Run R=3 at t = 14 minutess

AT = (38,12 = 15.3) = (31.69 - 15.3)
resn o, 38.12-13,3
‘ \ A1.69-13.3

The overall heat transfer coe”ficient is then cal-

culated from:

U= 9tota¥";
1’-\\_ ( ATmSﬂJ’W)

the overall heat transfer coefiicient,
nor our ner sguare Toot ver Cesree 'ahrenng

heat tranzfer area, souvave feet,

prg
n

at £ - le minuntes:

14240
(11%,€) (21.40)

mere foot oer

5,87

Pressure ron:

The wressure loss data arve re c

manometer as tic oressurc Gron across the colls I:

tiousandths of inches of water

time without further calculat:




Original Tata

“uan R-3

Cut “"reon

Itel. Fume. Temn. Tempe
- . -
% °C °C
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-10.0
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(spravyer
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L
F~

s >
i Table IT
i
1 Corrected Data Run- R-3 )
| IN ouT : | =
e Time Temp. Rel. Hum. Sat. Hum. Abs. Hum. Temp. Rel.Fum. Sat. Tum. Abs. Hum. Freon-hw Hook -
. -in o , Grains fGrains _ Grains Grains Temp. ins. Gage
f ' Min. CE. % H>0 L?. do0 Lb. OF. o HoO Lb. HoO Ib. ow, HZO. Ins.
-,',":f”"v _ ary air dry air dry air Iry air . 'HZOA ‘
1 2 46.40 81l.5 46.59 38 .00 39.38 92.20 35.51 32.72 34,70 2.18[64x107§"
$: 4 43.97 75.5 42.43 351.90 35.60 88.40 30.57 27 .00 14 .36 % _78Xl0:“5f"
2 6 42.08 74.2 59.44 29 .25 35.80 85,60 28 .43 24.35 14.00 784x10%3¢
1 8 40.55 74.7 57 .15 27 .75 32.31 83.90 27 .51 22. 91 13.54 " 90x107%
i : 10 39.37 76.1 35.40 27 .70 LORe25 835.60 26.68 22430 13.46 " 98XlQ‘5".
i 12 38.66 77.6 34.51 26.75 31.91 84.10 26.29 22.10 13.46 " - 114%10-2 .
1 14 38.12 79.0 33.78 . 26.65 31.69 85.20 26,03 22.16 13.30 " 119x1079
{18 37.61 81.9 33.12 . 27.10 31.59 86.80 25.91 22.48 % 150x1073
?.7‘ 22 D7 67 B3.4 33.19 27 « 62 51 .73 87.90 26.08 22.92 1 " 188x10- N
1 - 26 38.07 84.0 33.73 28.532 32.00 88.00 26.40 25.22 W 1 '228Xlo-5:?;.

30 38.48 84.0 34 .27 28,80 32.45 88.00 26,90 23,65 S W oysx1Q-d

- B4 - 38.85 84.0 34,77 29.20 33.01 88.00 27 .53 24 .20 w " 324%10-3

- 38 - 59.29 84.0 5537 29.65 33.71 88,00 28.33 24.92 " " 288%1079

42 39.65 84.0 35.87 30.15 34.34 88.00 29,06 25.55 r ¥ 452x10"3

46 40.10 84.0 36.50 30.62 35.01 88.00 29.84 26 . 26 v " 518%31079

1 40.46 84.0 37.02 31.05 35.69 88.00 30.569 27.00 i * 534x10*5_,g
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R
i - . -
i : .
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i
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o
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4
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e
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- Table ITT

-Oct. 18, 1948 | | Calculat ed Data Run - R-3
. Ave. Temp. In = 39.20F.
. --Ave. Rel. Fum. In = 82%

7@ = 3135 1b/hr/sq.ft.

- H- . T A G AR
OF. (Grains Hs0 Qair QHz0 Qtotal mean -

Tb. dry sir Btu/Hr Btu/Fr Rtu/Hr ¥ Btu/Hr (sq.

L 7.02 5.8 10200 5660 15860 29 .70 . 113.6 - 3135 L4
8.37 4.90 12170 5270 17440 26,02 . u ' " . B.95
~;8r281 4,90 12080 5270 17350 - 24.60 t 1  £ Q6:29
774 4.84 11240 5210 16450 22.10 t ' n C 6463
7412 5.40 10340 - 5800 16140 22, 62 t ; un S BeB3 -
- 6.5 4.65 9800 5010 14810 22.20 " " : 5495 .
L 6.43 4.49 9360 4880 14240 21.20 t e 5.87 7

. 6,07 5.10 8820 5490 14310 21.62. w W S B.90..

5.84 5.00 8420 5380 13850 22.45 " w . BeB50

D e S A R S e L A AL W I N T S K I R T S A P A T I R L e T O S e e e o T e e g S P P PPy S e £ = FECT Ve AT
e s A T e S e o e A e 7 Sy o Y e B 80 T e T e 355 P e i RS RS ind R e - : o P 1 R B s A -
= ~ - o, S = ST ek St i e i bt s 2 i e
R e === = > = = =

93

6,02 4.62 8750 4980 13730 21.10 n 0 . L Rles i
- 5e94  4.70 8620 5060 13680 21.15 w “ Bl

sg.ft. Lb/Hr (sg.ft. net free,areg)jimgF)fau

6,03 - 5.15. 8750 5540 14290 22,00 0 3 5,78

5.58 4,73 8100 5100 13200 23.10 u " 510 .
5.31 4 .60 7710 4960 12670 23 .55 w u ©4.80
5.09 4.36 7390 4710 12100 24,10 “ woo- R e O
4.77 4.05 6940 4380 11320 24.70 w i B T R
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. Dié@ussion of Results

A comparison of the eight curves of overall heat

transfer coefficient apainst time reveals that for all

values of the mass rate of air flow used, the curves are

of the same veneral shape, The effective overall coeffi-

cient is low at first because the tubes are not filled with

lignid Freon, but as soon as the tubes becore filled with

lignid Freon the coefficient reaches a nisher value, but

immediately begins to drop of 7 as the fins frost uwo. The

coefficient droos of £ to some wvalue between 5 and 7 3.t.u./

hr./sq.ft./97, and remsins essentislly constant, At ap-

-

proximately forty minutes, the coeflicient be-ins to dron

off a.ain,

A1l tae curves extranolate well to the values at zero

time. These values were cbtalned Trom elr conditioning

date for the same unit atv the seme mass rate of alir flow,

Belore there 13 any Irostin of e tubes the overall

N

coefficlent should be the seme os in the eir conditionin:

[

range at the same alr rate,

Cormarison of ficsures 8, 2, 10, ancd 11 saows that the

.
K

overall coeffliclent of neat transfer at a oarticuler mass

rate of flow 1s substantlelly indepencdent of inlet tem-

perature and umidity within the rances of inlet tevvera-

'—5
2

anc inlet relstive umidit

jte

tures from 36.4 to 39,0H0F, es

ot

of 68 to 8&

0.

‘A compariséen of all eight curves of overall coefficients

against time indicates that the overall coefficient in air




28 »

refrigeration is essentially independent of mass rate of

air fldw within the ranzes of 1815 to 3380 pounds per

hour per square foot,

The oressure droo is found to be a function of th

-

mass rate of air flow, as exnected., At ™Mi-her flow rates

e ~reater and tre rate of

the initial pressure dron

increase in pressure Gro2 is ~reater., ™Wir™ the linits of

inlet temeratures 36.4 andé 32,597, apd ralstive ‘mimidi-
ties
dron

is neted

ion of 1re~<u§% “ros isg

Nt owhen

g inlet relative ~unlcit- or te.

temperature is chen ca, “ithin the 1 its of amicities

of Sr. and 39,05

of 68 to 8& and limits of

|

de rees “anren-eit,

o
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Descriptibn of Anparatus

The test unit was désiﬁned and constructed by P.
7o Foust and modifiecd later by R. /. Hinterleiter and

» cXinley. Twe unit provides for heat exrhan:e
between finned tune test units snd air passins .
the units. !eans are srovided for varyin: the
rate and for measurin. the amount of air Tlowr,
sure dfoo acroés the nnit, anc the emount of
transferred,

The overall lensth of the unit o

Alr from the rowm is cravm succensively
fer test unit,

vanes, &anc an

of the ec omer

2 ovIQOCer
on a ateel fraﬁework. A wooden anyroaer Mnnel
to the entrance of the btunnel and roviles
of 2ir to the heat transfer w
tunnel near the ailr entrance. the
tunnel a thermometer, eguipmed with e metal shield

minimize radiation ef- vrovided to measure

air temperature., The tunnel also serves to house the mix

chamber}whidh is described in detall below.

1n

&
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Heat Transfer Units:
The heat tréhsfer-units are prefabricated inter-

b

+

changeable units of copper Tilco~Fin tubes manufactured
by the Extended Surface Zivision, David E. Kennedy Inc.
of Brooklyn, New York. The tubes sre mounted in rows.

4

va:sered tubs

2]

One, two, and three row units are used. A
arranzement 1s employed with tube centers snaced on enuila-

teral triangles. In such an arran. ement adjacent rows

terminate hall a tube width spart, and to prevent "ed =

1t

overall heat *transfer coelficient,

ef "ects
-baffles at e end of short tuhe rowz are mrovidan ag

recomranded by Jameson (6).

Tor tests in which» the Teot trane e

2loyed fTor heatins air, the tubig ore mounted lnoa vertle

I e 2
or teots in

cal nosition with ateam ‘naicn

virich “he units sve emaloyved for conl

”

arc rounted In 2 horizcentel »osition wit

g DMlo'n across the

e

the tuhes. Alr
nernendiculer to the tube len th.
In those tests in vhich the
emploved for air hestine, steam from the lines is run
throuwh a strainer, is reduced to five'ﬁdunds a & ares-

sure by nmoans of a recucing wvalve, onG 1=

: two-inech nanifold to which a steam thermometer ani Hres-

sure gape are attached., From there the steam vasses Lo
the .top manifolds of the tube banks, then throu:h the tubes
to a two inch exhaust manifold leading to a steam trap

equipped with a by-pass valve.
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~In the course of conducting the alr heating tests,

LT

"cold snots" were discovered in the heat transfer units,

and it heceme necessary to modify the steam svstem., The

oresent arrangement, therefore, .differs slizhtly from

thet described above as it was used by the srevious inves-

0

tirators. It was found that at hipgh eir fle pntes, cer-

tain ol the tubes in the flrat rov were nnt ot over Lelr

v
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len th, eaven thow o live oteam wag Teln  oonbln-
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ey

cctt for coolir . sir, ‘reon-l12 1s sunslies fo Lz Lunes

b

She yofri-ceration unih

a refri-erant. LT eON

is edmitted to the tubig thrcu.n a Tweral-rsole ted ex-

pension valve. The anount of 1. guic¢ "reon »nassin.

the exnansion valve 1s regulated autometically by a2 con-

trol bulb strapped onto the discharge menifold of the unit.

The purvose of this ulb is to keep the refrizerant tem-

perature in the tubes constant by allowing & sreater or
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or lesser flow of Freon throuth the expansion valve. There

L

¢ O

are rive leads fran the expansion valve to tre tubes

£ Th

mtion of Freon in the cooling

[}
{

provide for an -equel distri

unit. A thermometer well and treon pressure -a e in the

)
!

outlet manifold of the wwrit are »Hrovided for measuring

respectively, the liculd “reon temnsrature end te suction

, - L

s nressure, e nartially vaporizec Yreon nesses Tron the

i outlet manifolc to an 2rxiliory evasorstor where t-¢ i'reon
; v _

'

is comletelw vanorized, snd then to the cormressor of the
. 3

refr’ eretion »mit, ’

A5 P TR SR OO S e

STty

s g T

A nlezometer rin- with 2l Tt orosanre ftarg, tro oon

ooch fnmel wall, 1o lon-

tunnel entrance,

N A NEE AT S5 S W

A e

yalete with beveled ed . es. L one=-c’ Tty oineh hole in the

center o7 cact olate 1o comractaed by o4 one-jusrior neh

e T

130 4oL e

nive to a rabber “ose wanifold encirelin . THe tunnel

N T Rl ~
mwesgnre

oror

is indenendent of »lete tap nosition, (2). ‘ans cre

gecured flush with the wall,

e manifold, in turn, 1s jioined to one le. of a

hook=-gaze manometer, the other leg of which is onen to

the atmosplere. The manometer legs are mede of two-inch

inside diameter glass tubing. The hook is raised and
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He
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lowered by means. of a wheel threaded on the upner part of .

the hook shaft and celibrated to read in thougandtng of

an inch,

"ixins Chamber:

In order to thoron~"ly mix the air co~in- from the

neat trensfer units -rior to neasuring its temperature, =2

seventeen inch zcuore »lr e locate o Rhe middla of the

tunnel is followed by o ceventsen inch sousre “oou Jmath

hole, followed T enotho» alete anc santiwr "douhant M

4 .
'

Eothermoneter located Ml oo

34
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e

A

:}.r:

:;“; . : 4 1 '
o OIS PERLTN T F Lo 8

SRR

ey.e o

Mixin. chamber oenc the surroana’ s, The barmel fo Ingu-

lated here vith en extra lover o osn

aonace of three munrters o7 on lreh hehw an the

tunnel wall ont the octgice 1llboarsd,

.

Streishtenin - Vanes:

A gheet-metal redicer counecsa tha o

to the ften-inch ountlet ive lire. "o Teet Cormgtrear

from the reducer, 2 buncla of scven

o+

metal drain nipes, two feet in lon thy, sre mimunted 1§

the ten inch »nine to strai nten the a2ir Tlow in the Hine

line section and fto rednce the len t~ of strel "t 2ipe

needesd to sive maximum accuracy to orifice measurements.




Orifice and Maﬁometer:

A thin plate orifice, 7.5 inches in diameter in a

t

ten inch pipe, installed according to the specifications

of the A. S. ¥. B, Fluid I"eters Report, with flange taps,

is used to determine the air flow rate (2). These taps

are comected to en inclined menometer, the smallest

-
N

scale division of which is equsl to 0.02 inches of vat

L

Blower:

PR RO

The blower is a Buffalo blower, tupe LL-3, closs 1,

driven by a two-ohrse, 220 volt, 1720 r.n.m, otor. The

p—

e

blower and motor are mounted on & steel franmewori ~ith

wooden blocks acting as ghock abscrbers boetween motor =na

blower and the steel aunorts,

2R e R B S i

“efrigeration Tnit:

The refri-eration unit, manufactured by the Twnhoon

Alr fonditlonins Comdeny, enilnvys Yraon-10 ond ‘s rated ot

Five ton canacity. The unit conaslsts of o comuressor and

e T

fivs "morse-

a condenser,

power, 220 volt, 60 cycle, two ~hege “enersl “lectric

L

ted to t e conaressor b four V-

incduction motor connec

SR

belts., The conaenser ls water coole”, 11 coppegg and of

horizontal

shell-and-tube construction with refrl rerant

Fal
I
i

inside the tubes, The sunaly of coolin: vater to the

condenser is controlled bv an sutomatic valve,

The high pressure liquid line is 1/2 inch copver’

tubing and is comnected to the condenser throush a flexible

vibration hose. A strainer and sicht rlass are located in

the line, and a liquid Freon valve 1is provided to stop the




flow of FreonIWhile replacing heat transfer units.
Located after the liguid Freon valve iz a thermal-
regulated expansion valve which admits the liquid Freon
to the tube bf the heat exchange unit.

The tubes are connected to a manifold which is, in
turn, connected to the 1-1/4 inch.oooperlsuction line.
A Freon pressure zaze.measures the suction pressure ad
a thermometer anc —ell are nrovided for meesuring the
liguid T'reon temperature. The refri:erant next passes
throurh a Freon valve used w:en renlecing units, then to
an auxiliary evaporator. The function of this anxiliery
evanorator, whick is, In effect, a condenser workin- in
reverse, 1s to insure that only compnletely venorized re-
frizrerant returns to the comoressor, he auxiliary eva-
vorator is an all-coner, shell-and-tube twvme hect sx-
ch%nEer with Freon in the tubes, wofer in the shell,

from the auxiliary evanorator, the suction line returne

the refrigerant to the ccmaressor tivourh a flexible

v

vibration hose conrection.

1he refrizeration apnaratus is sketched in 7i-ure 13
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Calibration of
Instruments

The steam pressure gage was calibrated with a dead

welght gzage tester amd was found to be accurate within

!

0.05 pounds at zero, five, and ten pounds dead welrht,

and all readings were therefore accepted as correct as

read.,

The inlet snd outlet air thermometers vwere callbrated

asainst a Bureau of 3tandards Thermometer. The steam

1 2

thermometer was checked by allowingz saturated steam at

a definite vregsure to fill tie unit end comparinz the

te trernometer with the temverature

tempnerature read on

obtained from steem tahles for saturated steam at the

varticular nressure. The thermometer was fount te he

accurate within 0.2 de rees at steam pressure un to ten

nounds 2 e. 4&n error of 0.2 derrees In steam tempero-

5

ture causes an error in the overall heat transfer coeffi=~

i AW o e

cient of less then 0.3 percent, and steam thermometer

et R L AR R

readings were acceoted as read,

The orifice was constructed according to the

M. Te specifications and trne orifice coefficients listed

in the Fluld “eters report were used and accepted as

correct (2, 3), As a rough check of the accuracy of

the orifice coefficients, the orifice was used in con-

junction with a Pitot tube, and using the orifice coeffi~

cients, a Pitot tube coefficient was determined. This

coefficient was found to be 0.94, a reasonable value.




Calibration deta are not included in this report.

These data are to be found in the original reports of

Foust, “interleiter, ¥cKinley, and McDonnell. (3, 5,

12, 9).




P ALY ¢ MO LT P S
LA PRI O S PIRE A R B S

T

Experimental Procedure

In tests to determine the overall heat transfer co-

efficient, the blower pulls air through the test appara-

tus and the desired rate of air flow is achieved by ad-

justing the sliding damper over the flower outlet. Stean

is admitted through the reducing velve and its by-pass

valve, and the cooling weter is turned on to eliminate

steam superheat. The exhaust valve is narticlly onened

so thaet live steam is continmously exhausted., 47ter

to elapse for the unit to reach

(&)

allowing sufficient tim

.

a steady state, readings are made ev .rv twn or toree

minutes over a neriod of aosproximately fifteen minntes,

e following quantities are onteined: stean temoerature;

£ 1 P e A ST w2 B e

3

steam pressure; inlet air temperature; heated air temoera-

g e s

H 3 & ture: and orifice pressure cron.
A H & ) Z
: v :
: ;’ ! In determining vressure (ron, neasursments sre maded
L ;
f § . ~ . N
g ¥ 1. isothermallv at room. temperature: anG 2., wit: alr telnz
[
I : - ~ '
E: heated, In either case the followin: readings e+e made:

hook za-e manometer pnressure drov; orifice pressure Crop;

and orifice air temperature. Pressure dron measurements

were also made with no unit in the avparatus

correction value.

Tests were also made wit "cold- spots" nresent and

without bafflinz, to determine the effect of these two

factors on pressure droo and overall heat transfer coeffi-

cient. These data are not presented in this report. A

qualitative description of the results of these runs is

‘presented in the discussion of results.




Table IV . .

Sample Experimental Data =~ Run M=l

In out Pregsure  Temp. Gage in

Time Air Temperature Steam Ky Hook
' in
oC oC DeSslen,  OF Ho0 Ho0

9:47 26.6 76.2 0.0 228 3412 102}{10-5

9:49 2645 7645 228
9151 27.0 7647 227.8
9:55 27.0  76.9 228
9:55 26,9 77,0 228
9257 27.0 77.0 228
9:59 27,0 77.0 ' 28
10:01 27.0 77,0 ' 228

AV, 57,0  77.0 008 3,12 102x107°
- 0.10 - 0.3

Corrected 26.9 7647 cog 3,12 102x107°
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Sample'Calculation3ﬁ

Air Flow Rate

The air flow rate is calculated as in the refri-
geratioh‘tests. See Sample Calculations Part T.

Overall Heat Transfer Coefficient:

For Run No. W-1, Unit 107 7/8-1.875-3-35,
A = 139.8 sq. ft. |
4210 1b/hrsbq.ft. free ares
6558 1b./hr.
228 OF,
80.4 OF., T, = 169,95 Or,
o (To = Ty)
(4210) (0.2375) (169,95 - 80.

v C

e

8tyean
139, 600
(159.8)

(026 -00,4) = (228-169.95)

28 - 60,4

- 164,25

2,305 lo-

= 10.39 B.t.v./hr./sa.

~Pressure Lropn:

The pressure drop thren~a the unit as measured by
the hook gase manometer 1s read directly in inch of water.
To correct the nressure drop readin=z, it is necessary to

subtract the nressure drop through the empty duct at the




same air rate, W.

For Unit 107 7/8 - 1.875-3-35 at G = 2010:

P = 28.0x10~% in of H.0

2
% x Ap = 2010 x 1.560 = 3135 1bs. /hour

W

Prom Figure 18

'

£,4x107% in of 0

At W = 3135, emonty duct dron

(28.0-5,4)x10"°

Corrected Pressure Lron, aH

AT T 22,6x107° in of 50

S ISP N S

AN A A g e




Table V

Heat Transfer Data

Heater Unit 107-7/8-1.875-3-35

~

: Run No. Lvass Rate of Air Plow, & Overall Heat Trans-
| - fer Coefficlent, U

pounds B, ,
(hr.) (sa. ft.) (MrY(sq.ft.) (Or,)

V-4 - SO0 10,01

8 IOy
S A

]

:j‘
~3
&

=0 2200 3, 0%

v Slih Je 7l

TR T o P L 4 SN D AV e S e e

R

~10 S0LE H,REE

e
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Table VI

Pressure Drop Through Empty Duct (Wo Unit)

Inches of Yater Pressure Urop
Throush ZEmpty Duct :

9.5
11
11.5
12
123 E)
12.5
15
16
18
20,5
CANES
15,6
B
15,0
14,G
15 L ] r’

2e D
11.°F
11
11
10,8

>

Ne
w

. e
o oTn

.

O W,

TR =DM H~TX W
*®
)

1
1
1
16

Isothermal Tests at 25°C.

W, Pounds of Alir per

3105
5435
3719
3990
4260
4520
4725
4940
5150
5360
5550
8700
=260
G250
6220
740
6250
7950
7620
7LR0
860
ARA0
G350
n070
510
5620
=440
Loec
s1ee
3820
4630
4210
a0
aae80
5200

D00

2610
2h80
4500
55650
6240
6850
7210
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Table VIT

Pressure Drop Data

Unit 107-7/8-1,875-5-35

Isothérmael Air Flow at 25°C.

Tass Air ate,® Pounds Air  Pressure = Correction Correctsc

pounds Per ., 7 Drop Throug” Value Pransure

(hr.) (sq.ft.) Tnit, inches inches of Lros a7
of Jatar, ater in. »f

“essuraod

3
J 4

viefer
o108 qe10m3 oo
»Ox10 PadxlCTY 7z
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P BN
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Discussion of Results

Teat Transfer Coefficients
"For all units the overall meat transfer coefflcients

are plotted = -ainst mass rate of air flow on lo-~ritimic

line Fittine

Y

rpanh oaner, I each co e the best afral "t

the datba wa
rens fer

sir flow for units 107-7/0-1

L SR IR T: R AR
107l [0, BT R=1 =7 (o

.
R

= SO T SR A
L/ﬁ-?-l.q-u—&u

5 o -}1'|. s

- oy e 1.
= IR N
TP2Ar2LeNTL

Fal

a dravm STor

Tapr ot the

thore tosts of the Acrofin-Tyre wnit vhere cold
spots were nresent, the overall coelficlent rrs found to
- - 4T RN - Ay . ] = b
be 847 of the value with »afflin< and no cold spots.

“ thout baffling and with cold spots caused the coefficient
i A N

<

to be reduced to 80% of the baffled, no cold spot value.




Pressure Drops | :

v
v

For each unit, pressure drop measurements were made

isothermally at approximately 25 dejsrees Uentiosrade, and

with the air beiny heated =8 it nasses thron - h the heet

transfer unit. In 2ll caces tre corrected srassuce Crons

are nlotted versus the mass rate of oir Tlov,

20

107-7/8-1.

t the isotherwmel orercsure (roy of

_ : .

! A - N o - - oo N 4 - - T, R

. tubin: differs consicepohly Do Uoe Nrezgunt pon Wy
. A CR | I 2 L . ~-.. v v . 20 PR .
t ¢ ailr being herted. ITn  wrevcl U0 Tsobh rieel o
lover

h
i . e e K : L J A G T . . Vi At
i watedy thiils o Uo oo oewectaoo chvicr D0 L 00LE

incrersec

The vopietion o wroessuy e 2o UL e M

lensth is smell o8 csen in W70 omve 0, o Taeth vl

reasnre Cromn

tubes (9/16

tubes (7/16

ypegsure cron for e 107-1/0 tubes in woclor LAy

107-7/6 tmbes.

21, the data for b e ieothernal o

drop at 25 desrees Lenti.race of t:e ferolfin-_we init

5/8=7-1,5-5-43 are presented alon- with tre ‘cothernsl

pressure drop st 25 degrees Centisrade data for +ilco-%in
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B c i s ' 4:,70 i
, e Unit 587-1/2-1.5-3=43., It may be seen that =t lower
values (1000-3500) of G, the Tilco-Fin Unit has the

. SRS A - b e e A A
higher voressure drop, vwhile at values of & above 3500,

, | the Aerofin-Type Unit has the hither pressure drop,
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Discussion of Theory

It was desired to correlate all tme h:at transfer

data by means of one of the standard equations:

_h Yfep He)% C[HD)[ Kk \°* . _
CFG (_?—}: = d’Re) T)(&"}T = ¢R€ _Ia,.\a( ’AD ¢G

Me first twe of these forms sre eou'valent, ard if

one form correlabez the ~ta,

t vee Tomnd

correlate

“ree

:
1

- ~ .
Soapty it b

oo

o7

line,

g TnoTn

mme

five-ar

crrrols tiag

»

o pelectas
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Tpansfer Gorrelation Calculations

| }‘ 2/3

I. (_h C,/T
il ] = (I)(Re)
CPG X

Definition of Symbols:

h = heat transfer coef”iclent = U, overell ™eet

transfer coefficient, B.t.u./hr.,bag.fh./OT.

specific et ol air ot the everage temerature

Tt fib, /00,

moaan pete 07 oL

Prandtl . umpor 2

Lempera e, andG

\ - e /. .
6 nit LBT-L/N=-10 0110

Jor Hun Lo. 22

\
\

) e, #e

RN |
PTIT R

o 1dvRA
L01595 x 2.42

symbolss

ks Above:
Tor 5/8" tubing: U Z 7.5 & 1500




ITT. W = p oo

Topr 5/8“ tubil’l{': 8
0,625
WD o= (7.5) 12




Table VITI

Heat +“rensfer Correlation

Tester Unit 107-7/2-1,875=3-35

h 6. Hp \2/3

CpG k

2

8,50x107°

8,64

6545

6260
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" Discussion of Hesults

It was found thet the data are correlated by the
2/3

first two forms since/ h | [C Hf
_ G /\TPX
mw\[ x 0.4 P

and\ K [{CH both yielded straizht lines when

plotted versus Re. See rigures 22, 23, and 24.

The data are not correlated by the form WD = p 3,
since the values of WD vs 3 GO not diot as a straicht
line. wee Mirure 20,

The correlstions mev be exnressed methematically

- [ A
0,007 gm0k

[N

e maxirwum. devietion of any exnerimertedl noint
. 2/3 _
from the line[ h o = 0.2 gm0 B04
C(} - - . - LYy« -
b
is less than nine ver cent, while the cverore cgevistion

trree der cent., The correlations e ly to all

is ebout tr !

units excent those Mavine overlednins fins when user 1in

alr coolinrm,




871 Mns

jir

ron Corre

€

T

38Ul

G

h

Part IV - P:




Discussion of Gunter-Shaw Correlation Theory

Tt was desired, to test the applicability of the
pressure drop correlation which CGunter and Shaw propose
for all types of surfaces in crossflow (4). TIn this /

correlation, Gunter and Shaw found half the friction

. ’ - "'016
factor, f = _aPgDv ¢ H 0.40 Dy ~0.40 §l
z " TG = —— 5
| S,

Al

to be a functisn of the Heynold's Mumber, Re = DyG/K ,
to the ~0.,145 power in the turbulent range, where:
£/2 = nelf friction factor, dimensionless

pressure drop due to friction, 1b./sq. ft.

b
v
]

acceleration due to sravity = 4.18x10° ft./rr. /vy,

D.,, = volumetric hwiraulic ciameter = 4 x-i et free volume
] ‘ [ . -
Friction surface ?

ft.

fluid density, 1b./cu. ft.

-0
[ B

fluid wmass veloclity, 1b. /hr./sa. ft. net free area.

=
LI}

fluid flow length, ft.

=
n

S. = longitudinal nitch, center tc center clstance
from tube in one row t-~ nearest tule in next

transverse row.

transverse pitch, center to center distance from

w
n

tube to tube in one transverse rov.

M = sbsolute viscosity at averaze main stream
temperature, 1b/ft./hp.

Mu = absolute viscosity at sﬁrface wall temperature,

1b,/ft. /hr.




Vaiués of £/2 and)Be were calculated for the serrated-
finned tube pressure loss data (See Sample Calculations

at bottom) and are plotted in Figure 26.

mnter-Shaw Sample Calculations
Configuration Ratios:
For Vnitl107-l/8-2,125-5—52:
Considering 1 ft. of tuhe lepathe

)

U, L)
Viptal = 1 X ( g * 12/ = 0.03133 ft.

\Y - 1xT x (1.022 2 4 18.8 x 7 x 12
OCCo '4':"" —“i-é):-

o171
12

of 1 - Loz
8 12

L
2

0.00656 ft.°

Correlation: AT = 0.,0725 in, at & =

finit 107-1/8-2,125-3-32

_0.03952 (3585) . 1531
= 0.018%25x2.42 -




M

2 | 5L

I a
w ' bT

0-0795X§%éé « 4.18x10™® x 0.03952 x 0745 x 1 x1.961x1

2 .
(3585) x 0.484 A

8.44 x 1079

0.14

The Sieder-Tate factor 77; was asgimed to be unity
,

for all runs. I'or taothermal rims M= M, and the fector

isequal to unity. Yor Tns with the air bein~ heeted 1t

is extremely - ifficult to evaluéte the ouantity Mw since
the wall tederature 1S unlmorm. Surface nyrometer
messurements indicete fin surf:.ce teme rafures of te

of 180°F., 4t thik temperature the Sieder-Tate fact r

aiffers frow 1mity by less than two per cent, anc wes

therefore assuncd Lo ¢ unity for 2ll runs.




Table IX

Gunter-Shaw Pressure Drop Correlation

Unit 107-7/8-1.875-3-35 -at 27°C.

£/2

1.374x107%

1.284
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Discussion of Résults for Junter-Shaw Correlation

From Figure 26 1t is seen that the Uynter-Shaw
éorfelation fails to correlste pressure drop data for
Tilco-type serreted-fin tubes in crossflow, The line

drawn in Figure 26 is f = 0.96 Re'o‘145, the correla-
2 .

tion proposed by “unter and Shaw for the turbulent rancee.

It is not survrising thet the “unter-Shaw correla-
tion fails 'rre. The correlstion is srovosed for three
or more rows, while manv of the cases considered here
are for one or two rows, T o sllovance for the
effect of baffles, 2:a 1 2 s2sts batfliny
maior factor. The most sirmificant conciusion
drawn, however, 1s thet use of the wunter=s:sw

to Lrin- to-

tubes.




Discussion of Prime Tube Size Correlation Theory

Since the Gunter-Shaw correlation falls to correlate
data for Tildo-Fin tubes, the search was continued for a

suitable correlation. It had been noted previously that

the pressure drop per row for two and three row units

of 587% tubingz was equal and that of one row of the same
tubing was 1.19 times greater, .aking use of this fact

and of thie observetion that tie oressure drop for five-

eighths inc units 1is anproximetely 627 of the onressure

drop for one inch units = correlation bLased on prime-

tube size suzrested i-self. A “prime-tube size" corre-

lation wrs tried and found to Le better than the ™"anter-

o

Shaw correlstion, even thourh 1t is far from nertect.

This orime tube correlation in its final. form 1s

f= 8P g D -nppg= _
i =res 2o

were f = friction factor, dimensionle
AP = pressure arop due to friction, 7t., of eir
scceleration due to previty, 32.17 ft./sec.?
row factor, 1.19 for 1 row unit, 2.0 for 2 row

wnits, 3.0 for 3 row units; ft.

air velocity, ft./sec.

sir density, 1b./ft.°
air viscosity at averace temperature, 1b./sec.Tt.,

nass rate of air flow, = /3600, 1b,/sec.ft.”
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Sample Calculation for Prime Tube Slze Correlation

Por Unit 107 7/8-1.875-3=35 at 25° C.

AEE 20.6 inat G = 2010 1b./hr./ft.”

(e2.6 x 1 x __ 1
12 .0743x62.4

2010 X <
2600 © ,074

20,17 ) L
7\12

—
r4
(W)

0,49 x 1072

1
= 12 x 2010
0. 0188 X 2.42

N e

D™
}A




L S

Re

3780
4075
4490
4860
5240
5610
5950
6290
6640
£980

7415

Table X

Prime Tube Size Pressure DrOp Correlation

Unit 107-7/8-1.875-3-35 at 25° C.

f

2,49x10™%

2.30
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Discussion of Results for Prime Tube Size Correlation

This "prime=-tube size" correlation,.anslagous to the
heat trasnsfer correlation presenﬁed earlier in this re-
port, works better than the Cunter-Shaw correlation. " The
average deviation is about 10 per cent. rhe equation of
the line drawn in Figures 27 and 28 1s f = 0.66 7e~0+40,
It is to be noted that the hirsh values of f occur malinly
when the alr is being heated, rather than in isothermal
runs et 25 derrees Centisrade, Use of the Sieder-Tate
éorrection fector, then, will heln to bring these values
more in line, but only hy a factor of about two ner cent,
while some of the points deviste by as wmch as S0 oer
cent from the averase, “here are Lot positive ernc ne a-
tive devimtions for most units, ané a ‘reat spread of
the voints for eac nnit, indicating thaet the orirsinal
data are poor. It is difficult to correlate the pressure
drop date sincc “reet Qifferences in tre vuressure wrop ere
caused by smell chen es in the arranverent of haffles or
small changes in the number of tubes, e. . petween Unitfs
587-1/2-1.5-5-43, E87-1/2-1.5-5-44, ond 557 =1/2-1,5=5-45,
while adcing snother row of chanrin- the tube or fin size
has s relativelv smell effect on the oressure 4rop.

Ine pressure ~rop data. for Tnit 107-3/8-2,375-1-9 are
not browsht into line by this correlation. The values of
f are hizh by a factor of approximétely 2eD Tﬁis ray be
caused‘by: 1. an increased pressure drop resulting from
increase of fin length, a factor omitted in the correiation;.
and/or 2. the failure of the constant N=z1l.19 for one row

which was determined for five-eighths inch tubes, to hold
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Conclusions

As a result of the investi.ations reported here it

may be concluded:

1. <*he performance of gerrated-fin tubinc under

conditiong of icin has heen estahliched.
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