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 STBOLS

tube diameter, feet

pressure drop between 1.aps 3 inches of water

" appa.rent fr:i.ct::.en coefficlent dimens:.onless o

int.egrated apparen’c friction coefﬁclent d:l.menslonless

Kma.n—)ﬁ.kuradse ceefficienb dimensionless

ratio of distance from inlet to t.uhe dlameter :

: sta.tic prsssure, fes'b of water

pressure in calming chamber, pressure paunds per squars inch gage

‘preaswre pounds per squars inch gags

Reynelds number ‘baged on tube diameter, dmsns:u.onless

Reynolds number based .on dist,a"i:es from tubs inlet., dimensi.enless

. tenperatwe af wat-sr :I';‘lmﬁ.ng tl'n'ough a.ppara‘lms, -

weight. of water flowing 'bhrough appsrabus, pounds per minuts

" 'me@n velocity bdsed on mass rate of flow, feet per second

distanee from tube inlet, feet:

.- vigeosity, slugs per foot-gsecond

density, slugs per cubic foob




An experimental investigation was made of apparent friction coeffi-

cients in the-inlet length of & smooth round tube with bellmouth entrances

of _digffemnt radiie Tests were eoneiuct.ed ﬁithlflq;goi“ water through one-

half inch '.e'opper tubing at 'Reynelds--nmbers varying frmn 29;!1' to 11;9,569'.‘
'I'he results were mcorded in terms of the 1@031 apparent frictlon
ceefficient and the integra‘bed app&rent friction coefﬁ,cient. The apparent

frictien ceeff:.cient is. a direct measure of the pmssm lozs amd includes

E the effeets of both friction and mmnentm lux changes. The integrated

value ei' the coei’ficient is sﬁ.mply a measnre of the. total loss fram t.he

. tube inlet to the peint comerned. _

The tests indioated that for . a be].}.meuth entrance m:t-h a ra.dlus of

‘{diameter, the bwndary lavar was 1aitial]y lami.m with a trans:.—
: turbulent boundary laysr at an a.verage Reynolda nunber (based on
dlstance from the tube inlet-) of about. 500,000, This value cempa_rea well

C e :_with tha cerresponding valua for a flat plate. - The tests for the bellmouth

K |

o entrances with radii ‘of twe and three pipe diametera ind:.cated that an

und t»'ermined amomt of t.urbulenu.,e ex:isted at the tube :Lnlet. This indmed

t.tu-bﬁlence greatly affected ‘the boundary la;yer and the .friet.ion eeef.fi-

' eien‘l;s within the inlet length The initial turbu'.lsnce camed t.he botmdary
layer ta be tu:bulen’b i‘rom the beginning ef the inlet length. ~ The entra.nce :

with a radius ef three pipe diameters cawsed mare t.m-bulsnce thsn the en~
trance with a raé:n.us ‘of two pipe diamterso




within the inle'b length, the loca‘l. a:ppamnt frict:.an coefflcierrb

was fmmd to vary wid.elsr frem the Karmm—-ﬂ:.km'adse coefficient for fully
' dave]_.oped __turbylent flow. The vm&tions of the coefficient consisted

of an initial decrease within the Tegion of laminar bourdary layer, an
increase accampanying the transition to a fui'bulent:beungia_.ry layer; a
second decrease and fluctuations pmbably dus to 'adjus’tment,s.in;-"velecity
profiles. The initial decrease and increase were absent in the tests

for which no laminar bowndary leyer existed. Also, elimination of the

leminar boundary layer by induced turbulence-acted to greatly increase:

the value of the friction coefficient in the region which would narmdlly

" be t.hs laminar inlet zone.

Tha experimental results Lar the tube ud.th the bellmeuth entrance

_ ?wit-h-a___ radiug of one ‘pipe d:.mete-r 'bengi to be in ‘gensral agreement with

the Tesults of a similar imvestigation cohducted by Shapiro and Swith
and published in No&.G.A. Techmical Note #1785,



CHAPTER T

INTRODUCTION

Object.-~The object of this investigation was to determine experimentally
the values of apparent friction coefficients in the inlet length of round
smooth tubes and to find the effect on the friction coefficient of the
Reynolds number and the distance from the entrance. It was anticipated
that the results of the tests, conducted with the flow of water at
Reynolds numbers corresponding to fully developed turbulent flow, would
supplement the results obtained by Shapiro and Smith in a similar inves-

tigation completed in 19L7.

Survey of Iiterature.--fhen a fluid from a calm source flows steadily

through a horizontal tube of uniform diameter, the velocity profile in
the region downstream from the entrance varies with the distance from the
entrance. After some distance downstream, the variations in the flow
pattern disappear and the velocity profile remains unchanged. This
length in which the flow pattern is developing is known as the "length
of transition" or the "inlet length",

The changes in welocity profile in the inlet length have an impor-
tant effect upon the friction coefficients in this region. It has been
found that the friction coefficient varies considerably with distance
from the inlet in the initial part of the inlet length, After the inlet

length, the friction coefficient is constant and is independent of the


entrar.ce

distance Ifrom_tl:e tulae inlet. Valuesef tha ‘Friction coefﬁcie'ﬁ'.bs for
the fully developed region bave béen' established with sccuracy through
the efforts of mamy imat.lgaters. For the inlet length there is Iittle
data available. )

The usual precedure for calculating frictien coefficiem;s from

pressure losa data 1s based on t.he assmtion that the velocity profile

is comtant. ‘at ea.ch cress sectmn. W:Lth:.n the 1nlet. ].angth this procedure

~does net censider the moment.m £lux cha.nges aecampamring the vel ocit.y
profile changes, a.nd, therefem, the resulting frlcté.em coafﬁcien'b does

not represent the t.rm d.rag coefficient. B‘r:.ctd.en eoefﬁcients i.n the

. inlet length that are calculat.ed fmm pressure loss data are designated

. "apparent :E'riction coefﬁ.cienbs" The t.rue fric_ti.an coefficient e the
ratio of the-wall shea:rflmg stmss to the veleé;i.:_l;;_r—. head 'i!s_: equal to the

' ®"apparent frictien coefficient" only when the .velépj?ty' profile is constant

‘in all cress.sections amd the flow is incompressible.. In arder to cal-
culate the valuss of true frictlon costficient within the inlet length,
 11; geuldbef necessary to measure the changes' in velecit-y'proﬂle.

" Boussinesq (l) » in 1690, obtained 2 solution for the develepment
of 'bhe veloci.ty pcroﬁ.le for lam:inar flow. Frm his ‘regults it. was con-
cluded that. for purely laminer flow, the length of transition in terms of

a kngth-diameter ratio was

. 5\ ) B

Schiller (2), in an investu.gahl.an of laminar flow, asswumed that the

- typical velod.ty prefile near the inlet was composed of a straight line

segment 'bemﬁ.nat_ed by p'ara.bo;‘lic ares. He than appil:l_.‘ad~Karman's momentum

T




]
I

‘equation to the entire cross gsection E'za:nel t.he Bernoulli - equation to the

eentra;l'cor'e of flwid. The rate of development of the velocity profile

wes conqatrt.ed and the. pressum dr@p frem the inlet predicted. For the

length of"transi’tion, Schiller obtained the ratio o
LD = 0029 By

Ia.nghaa:r (3) completed an analyaia for laminar flow by emplerying

a lineari.zing techmqm with the Ifavieru-Stokses eqaaﬁ.en and retaining more

tems t.han preyu,—qus :.ma_tigate»rs-.f He _assmned t-,lut the velocity was con- _

gtant ev’erthe ent’:i.—a:"e iﬁlet eresé éecﬁon,‘ test&-by 'lﬁkni-adse -indic'até

that” this assmption ig justiﬁed for t.ubea with short bell mouthed en-
" trles. No definite inlet Jength was Lomnd, but the veloeity profile was
. found to apprea.ch t.he parabelic for:n in a.symptetic .fa.shion., The' length
' in which the. center-]eim wloci'by reachea 99 percent e.f 1*:.5 asymptetic
" value wag predicted to be

i
]

'Lfns.o.nsnn

Latzko () analyzed the daveliupment of a twbulent velocity Ppro-

" #ile by asswidng thit a typlcal velocity profile in the inlet length is

composed of a straight line segment terminated by arcs, the velocity dis-

tribution of which follows the one-saventh power law. From this he pre-
' dict-ed the totel inlet length of a pure]y tm'bulent flow to be

Lha @.69£:B '25

Ibqarerimental imstigatiom seem to hava been 1:'a.mit.ed in number

._andscope._.'_' o -
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Kirsten 1(5) measured velocity profiles at various disté-.ne'es_ from
belhnouth entra.nces far the flow of az.r through smooth tubes. H:i;é' 're'sulta

- indieated that tha boundary layer near the antrance wa.s ini.tgially 1amn.ar

with a change to.the _t.ype of combined ._1aninar and turbulent, b_eun_d.ary 1a;y'er
associated with flow ove a flat plate. and'with & £illy developed turbu-
lent pipe flow. ) . . |
 Equ (6) i'm'st-igat;d the f.law of steam and aj_rthrough RarTow
ehannels. He found that thefﬁction céefﬁ-cieht" was a functien of the
lgngthpcleéraneé ratio as well as the Reynolds mumber and the rou@hnesé;

_ For flow through a channel of a fixed clearance, the friction coefficient

_elecreas'ed- witlaan 'incm-ase ‘of the 1eﬂg£h-clearan¢e' ratio. . _
Keena.n and Flewma:m (7) invesi,igated the apparent frict.ien coefﬁcients

‘for the flow of air through smeoth pipes at subsem.c and superseuic veloci~

ties. The air streans entered the t.ubes thmugh- bellmm:th-entrames.' Re-
sul‘bs ef this inveatigation led te the conclm:.en that within a.n entry
'length of about 50 diameters, the apparent friction coefficient for super-
s_eni_c- f_lew was a function of the_u lengt.h-_-diamter ratie and the Reynolds

nmnbei‘.'3 1At distances from t‘he: inlet of greater than 50 diameters, it was

feund that the apparent frict:.en coeff:v.c:.ent for e::.ther subsonic or super-
_aanic ﬂew was apprmd.mately equal to the ceefficient.s fm' incon@ressible

flew w_ith_ fully develeped boundary -ld;yezf.. It jra.s e_oml@ed that the

 variation of the friction ceefficlent with the length-dlsmster ratio at

- S@éfsonic flbw w&s.'éimiiar te the variation correspenﬂing to incompress-

""ible flow. The 1nvestigat.ers amad tha‘t. an accurat.e comparison ¢could

""not be made because insui‘ficiant data were available for incompressible

-

flow through the inlet length.




Shapd.re amd Smth (B) invea‘ldgated t.he apparent fricﬁ.an ceefﬁcients
|

-im t.he inlet length ef smoot-h, rmmd tubes with bel]mouth entrances. Th'_e

tests were .conducted mth water am{ air ﬂcming at Reyn@lds nunbers corre~-
sponding te fully developed tm-bulent flw. | Values of the coefficients
frem these tests were reportedL in terms of local. apparent frichon com
efficients and int.egra.tad apparant fric'tion coeffic:.ents , the latter being -

| a measure of t.ha total pmssm drop frm tln inlet- to the point involved. '

Values of the lecal ceafﬂcient. wem cempared with the -Karmen-Fikuradse

. coefﬁcient fer fully nievelgped i’lmw, the theory of I.anghaar, and the

flat plate theozy. _ _ _ _ o
The test.s i.ndicatad that naa.r the inlet there was 2 zone of laminar

g bouwndary- El.a;yer,- -follqed by a regfl_.ml in which the boundary layer was tur-

bulent. Transition from leminar to twbulent boundary layer was found to
occur at a Bsynadlds'. nunber based én- diét;aﬁce from tube 1nlat -of about
5x16%, which compares well with the flat plate theory. The apparent frice .

 tion coefficient in the laminar inlet zome varied approximately inversely

as the 0.6 power of the distances from the inlet, A sharp rise in apparent

friction coefficient accompanied the changefrm a laminar to a turbulent
. boundary layer. Near the bégimaing of--tha turbulent inlet zane there were

rapid and irregular changes in the laeal appa.rent frictn.en coeffiﬂent.
followed by the _ceefﬁ'ci.ent' approaclﬁ.ng ".l;he Kaman-llikm'adse coefﬁeient. :
. Within the'mﬂu inlet zone, the local apparent coefﬁc;i.e"fnt

By va.rj.ed frem 365 to 9.5 times the Karmw-!fikuradse coafﬁcieﬂbo The ia- |
'vasta.gatora were ef the. 0131111033 that very near the inlet 3¢ wee pu-cbable
© thet the apparenb friction coofficient was infinite as cempared with the

Kaman-mkuradse coefficisnt. e
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Valuee ef the local apparem. fmctd.en coei‘fic:.ent remamad w:i.thin
s percent of the Karman-l\ﬁ.kuradse ceeff:.c:.ent beginn:n.ng at. ‘about L0-to 60

di.ameters frem the tube 1nlet. The integrated apparent frictl-.on coefficient

remained within 5" percent of the Karman-Mikuradse ceefflcient after 80 tube
dlameters frem the t'ube inlet.

. Hute (9) investigated t.he flew o wa’eer in the :|.nlet 1engt.h of

: smeeth reund tubes with bellmouth entranees. H-].s results agree in general
- with theee of Shap:.re and Smith,

The sinilarity between fluid friction and hea.t transfer has been

poa.nted out’ by mnnereua imest.igatera. ‘Heat transfer in the inlet length

} ahonld, themfere, eempam with flui.el frictien in the same region,

zed the similarity between fluid friction and heat

Mitte (10) analy

t.ra:asfer for séirei!a'i 'eé.ses_y- imlud-ing'“the entry section of emeeth_reuﬁd

. tubee-;- He.?.eﬁgge'e'ted that fm- tubes wci."bhlan ab’r@f; entrance, tim...imm'ased
J'fri.ctien less in- the entry sectien can be: considered by adding to the fric
‘tion factor a qna.trbit.y

' = 00!! D/L

Aladyev (11) wae concerned sulely with heat t.ransfer te water in

- the inlet len.gth of tubes at vm'ieus Reynolds - mmbers. From his @este-he

concluded that heat'tra.nsfer- is independent of the dis_i;ame from the in-.

) let. for values of %08 greater than h@.

o
L

Boelter, Young, and Iverson (12) experlment.ed with the . heat trans-
fer o air in the- inlet length using varj. ous - entry sha.pes before the .

| test section. These tests showed that the heat. transfer was affected by

Ll




‘the shape of the entry. . tn equation for hest tramsfer which they developed
shows that the hsat- transfer rate is not.affected by the d:l.st.ame from the .
inlet for values of /D greater than R ‘25 |




GHAPTER IT

BV

- APPARATUS

A flow d:.agram of the appa.ratus used in this: invest.igau.on is given

in f:.gm-e 25 . _

| - The water used fer the tests 'was obtained frmn a line supplied by
a centrifugal pump at appmximat.ely 60 psig. Tater frem the sqaplar line
passed ‘I:.hrmgh a globe va.'lve, throu.gh the calming chamber to the teat
- sectd.on, through a second globe val've, and was then d:l.scha.rged to an open
.weighing ta.nk. _ | _

In order to obtw.n a condition. oi’ unifom velocity and minimum tur-
bulence in the flow at the inlet to t-he test ‘gection, a calming chamber
was pla,céd upstream frcm the entréme to the test section. This calming
 chamber 'waé a ten inch pipe four i_"eét_""éight inches in 1engti1, with a -
baffle, tube bundle, and screens as shown in figwe 27. The baffle was

made of sheet brass nﬁ.th ene-inch holes. drilled go as to distribute the

S water unifom]y over the entire cross sect:l.en of t.he caluing chamber.' The

) tube bandle was made of two-foot lengths of ens and one-quarter inch pipe
filed smooth, 'paint'ed.fo:"'pz-ﬁevant;ion of é‘@i‘l’-@ﬁi@ﬂ, and wired together to
prewent movement. Two brass scmens were installed downstream of the
tube bmdle to remove am' turbulence ca.used by the tube bundle. It was

o 'bel'i.eved that this arrangement of the ealming chanber togat.‘ner with an

* area reducti.on with a ra.t-:.o of greater than 300 to 1 wou]ﬂ give substan—

tially wrd. form £low apprqgglﬁng t.he test _sect:x.on. o

e

e ey R T R T ani

mempern i mR

"o



- va.lvea to f.wo prassm mam.foldsa arr'mged so that any tap could be comnected

. The test Iaqi_efi;._ﬁ.en.-ﬁas attacki-&id to the caluming chamber by a bellmouth
entry section ngn_&c_lﬁned._.from bress to close tolevances . ‘The same tube was
used in all _f.ésts-, but ‘three diffemhﬁ entry sections were ﬁ'ed. In each
case the iﬁ:lst curve was a circular arc. The radil en 'eh_e_._'_a_ectj,-om were
one pu.pe diame‘ber, two pipe diametars, and three pipe diametera. Each
entry was attacﬁéd 'bothe téat section with éélder the Joiﬁt} was
-burm.shed so that there was no ebsewabla roughmss whare the 'bel]meuth
and tube were conneeted.

The test secta.en was mede of ane-half ‘inch Type I. hard drawn cepper
tubing appraximately one hunired diamsters in length. Pressure taps were
loc_-:ated as indieated in tab]_.e 22, Entry sectlom II and YIY hed the first
tap aﬁ the :junction betweon the entry and the test section, Dug to the

construction of e:ii-.ry seéﬁon I‘ 1t was not possible to have a tap at this
pésit.ion-. The ﬁrst tap with this laut,ry sect:.on was one-half diamater
dmnstream from the junctton. The p:nesam'a taps were clese]y spaced near
the e.ntlrh:néé a.s it was felt that thna_ greatast changes “in velocity profile .
would occur in thls region. The pmssﬁre taps were arilled through the
tube walls and the inside of the tube Was burnished to make sure that the

| tﬁbe.‘viral'l #as free of birrs. Connections -irere made to the pr’é‘ssure- tapa |
by means e.f ona-quarter inch copper t-ubing soldered to t.he outside wa.ll .
of the test section.

Each pressu:m t.ap was cennectead through copperr tub:-.ng and shutoff

o either" lag p_.'l_’.' three 'ﬁfferent, mnmters.' _Th‘emij'pre s .mssm’-a "differ-

.'e,nce_!s between any two taps could be 1@51:3}1‘6;1 on any ome of the manometers.

.
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Also, thetaps 'é&ﬁd be' rewrsed‘iz'-e;namw to the manifelds aml the mane-
moters, thus a.ff@rding a test for leakage. o

The mmters used were a’ marcm'y-water E-tube manometer,
varticai air-auater mamnetar, and an inclined air-water manameter.. The
last named manemeter was inclined at an_angle of 11" 32 (sine = 0,200).

The air-water: manmnetem were inverted H—tubes---cdnsf-ruéféd so é.-s to per-

.mit apphcat&.en of a common air pressure to the top of both legs. The

wa.ter pressure manifolds were connected to the bat.t.om of the manometer

legs. Upen appliegta._on- of water preas@eato ths 'manmneters, the water
 level would rise until the total head wes equalized by the air pressure,
* The differénce in haight of thé two columis of water ‘thus indicated the

pfesswg drop be‘ﬁre’en' taps". The air pressure applied to the manemtera

was controlled by a. constant pmssure valve.




CHAPTER TIT

TEST PROCEDURE

To initiate a test, the supply valve and the "di'sglm'.ge valve were

regulated to permit the -approximate rate of flow desired.

The water £lom-

ing through the appara;tus was mighsed by dlsclnrging into am open tank

After the apprcximate £low rate was estahlished, air wa.s purged .f.’ran t.he

mtem. _‘I'he calming chamber ‘I!ELS purged by means of a plug in t.he top of

. mfcmr. Hext_. the ‘Pressure t@s, manifolds, manmneters, and all _.

'connecting tubing were pm'ged. Thisz was accomplished by remonng a plug

| a.bove the manometer, opening all vaJvas, a.nd parmitting the water to flew

_for an adeqmte time through eaph mmfold a.rﬂ threugh each leg of the

' aimater mmeters. Air was purged from the lines to the water—memursr

manmneter by loosem.ng the cmmect:.ons at. 'bhe top of the manometer. - After

the air was purged, fipal adjustments were ‘made to the-water flow rate.

This rate was cheeked by weiglﬂ_ng the discharge for ons wminute. Aﬂer all

i pressure readings were taken, the rate of flow was again checked. The

| difference in £low ra.t-e at- the begimiing and at the end of each test did -

not exceed one parcent..

With ‘bwo pressure tap shutoff v'a.lvea open tg oppesite manifo]ﬂs,

a::.r prassura was spphed to tha top of tha a:r-mater manometers ¥ thm

ferc:.ng the wa-ﬁer 1svel dm into the: 1egs of theemaometer-i- T:unewas o

. e.llawed for all water droplets to drao.n into the manometer, a.nd all

entrained a.ir buhbles were mmeved fm;u the wat-er colwmms.,

_Gare was
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takén to prévmit- the watér level iijrapping and entraining air in the mani~

- folds at the bottom of the manometers, R '

The detaila of 'bhe testlng procadure varied with' eaeh test, b.trb
certain -gemr-al pringiples were followed. The 1nc15_._ned _aa,r-water manq-
neter wsls'_med in the "bc_as‘b's whore em]y-mﬁll dI:i..ffer:qn?Bs.c in pressure
existed _beﬁreeﬁ taps. Larger pnes&me-‘diﬂ'erences wére -'m'nasulred with the
vertical air-water 'Mﬁér, with the water-mereury manometer being used
for high rat.es o.f' £low only on the taps dwnatmam from twelve pipe dia-
meters. -

: To measure the- p1ije_s§1;t:'e drop between any two pbﬁihts ,» the taps _wére

 openad to opposite pressure manifolds 'by means of the shutoff valves. Then,

by means o.f ter shutoff va.lves, the manifolds were opened te opposit.e

legs o.f the marmeter being used. &f‘ber observing the pressure d:l.rference,
the taps were reversed relative to t.he legs of the mancmeter and a second
value for the pmssure drop was observed.

In ordeer t-o maintain the memcy of the observed daﬁa the pmssure

X

drops were meaaured a.nd recerd.ed 1n an a.ccmnulative manner as far as possi-

_ -'ble. For example s preasure dropa were meast:red between tapa one and tawe,

omandthree, oneandfam',andsoonmtlllimibadbytm rangaoftha

manmeter being usad. In the same manner, subsaquent dmst-ream maasure— .

' msnts -wera recarded relative to other selseted taps. The equa.]iza.ﬁ.on of

~air pressure and water pressure in the air-water mancmeters resulted in

fluctuata.ans of the water lamls in the legs. A1l measurements were read

- from these manomters by two ebserverrs-




The pré..ssuré'zih the calming: cha.mber was obsgr'@'éd t-ﬁrogghout the
test and did not change, The 'bémragm'of-_tlﬁ water{}aning' was measured

frequently and did ne% change more than one-half: dégrée’ during a test,




CHAPTER IV

DISCUSSEON

The’ nes{_ul;ta' of the tést are given in figures 1 through 21 in the
form of cﬁrv_ea; in which the ,ra'i:d.oa- of the local epparent friction co-

efficient and the integrated apparemt friction coefficients to the. Karbane

Mkmjadse coefficient are f;iottéd aéair:sgthe 'riati'o.o.f. thé_.distélfi‘ce frém

the inlet to the tube diameter, The results of each test were plotted’

in __se}:éx_‘ata figures.-. In ﬁ.gma 22 through 2h, values of the local ap- .
parent friction '_eegfficienﬁ- are _plb'btéa against values of Bx '.(Raynoiﬁs
nuzber based on distance from the inlet). For purposes of comparisen,
the values ocf friction coefficients according to the theory of Langhaar

and the value according to the theory of land.nar and tuwbulent flow over

a flat plate are also plotted.

Entry I_.—'-.-_-'-Fi'gu;res- 1 to 7 seem to show no regularity in' the variation of

‘the logal apparent friction cosfficient. In each of the tests, the fric-

ti@n coefficient ratio is near unity for the preasum drop between taps _

one and two. The ratio for the pressure drop between taps two and t-hree
then rises to values of be’aveen 1.3 and 2.,01;. - This is follmed in

general hy a series of annller fluctmt:.ons R and then a ahm-p rise in

hhe -ratd.o.-_ The location of this rise tends to be closer to the entry_to'

the tube as the Reynolds nunber becoanes larger.
The intagrated-coefficient ral:a.e is i.mtially h:.gh, follmed by F: 3

~ decreage to @ valug of appraxlmately 1,0 and then a rise'. This rise




reaches a maximun at a valne of X/B that tends to be cloaer to the entry
with increaaing Reyno]da numbers. Downstream fr_an _th:l.s maximunm point,
the ratio decreasas.. This ratio tends to appz‘oach: cleser _'to';:mity for
the La.rger valms of the Reynolds nmbar. _
. In ‘the mvestiga;bien by Huie, the integrated friction coeﬁ'icient.
ratio was indicated ‘to be beltwr 1.0 at sevaral points of measurement
whea the same pipe size and entry aaectclon were wed, Tlns imstigatien-
'Ishows the ratio to drop balow 1e0 in only a few places, with the m.n:!.mmn
valua being 0,98, It is beli.ewd that the larger umber. of pmssm
raadings tends te give a bet.t.er iniicati@n of ths valuas af the ratio.
In figuwre 22 the local apparant frietion ceefﬁ.oient for thme ef -
the tests is plott,ed against the Raym]ds nunber based on distance from
the inmlet. The value of the cosfficierts in geseral follows the theory
afhnghautoamlmofﬂxoffmnhtoéxlﬂs After a transition
mgion in which the friction coefficient rises sharply, the coefficient
~ shows a gemral trend domrward toward an asymptote. - In the turbu.'iant
region the coefficients are roughly double the values feu:' twrbulent flow

'-.-ovar a £lat plate. The region in which the tra.nsitd.en fmm laminar to

. t.m"tmlent flow takes Place earrespends in gemral to the section of the

-pipe in which the integrated friction coefficient reaches a mﬁmum follow-
1:@ i.ts i.nitial decrease.

This series of tests does not indicate the value of x/a at which
_the inlet effacts becm negligible. Hwewar, it appears th_at thp .var:l.a— _
' t.iqr_zis in the lbqal'apparent fricﬁ.-en'céeffi’de.ﬁtfbecm much small@r
| ‘after the pressure reading _'af Ll pipe diameters from the tube inlet. This —

-
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agrees in génsral with the results of $ﬁapj.re and Smith,- ai;d as“peﬁ.nted
out by them these values of X/D are far smaller than ?-t;.hase predicted by

the lamina:‘-inie-t‘.theeﬂas of Boussinesq, Schiller, ami Langhaar, and

are abeub three times as large as the value pradieted by the turbulent -
inlet . t.heonr of Latzlko.

Boelter, Ioung, ami I:verson devel@ped equa'biom far tha tram.fer
of heat in the transi'smn length of a tube that ind cated that the transi
tion length is egml to the Reynolds number raised t@ the one~fourth
power, According to t.his rela’t-:l.on, the trmsitd.on 1eng'bh would vary from

anI/D valm af 13.3 for test A to .smI/D valusof 19.5 for test G,

Enm. - TE ,~—Figmes § t.o lh show the 1oca1 a.pparent :I';'rict.ion ceeff:l.cient
ratio and tha integrated apparent fnctlen coefficient ratio pletted

against tha -x/'D ra.tio. In tests A, B c, and P tha local appamnt frié-
t.ion eaefficient ratio at the firat tap had a value of fr@m 2.70 to 4.20.

At 'ohe second t-ap the ratio had a value of from 0,0 to 2.68 and at tha
third tap the value of the ratio was from 4.80 to 12.2. At the ronrth

and f£ifth taps there was a rise in presswe aleng the léngth of the tube

- In tests E, F, and G the ratio at ’ohe first tep ws.s from 1.20 tol 75, at'

the second tap was from: 3.68 te 3.92, and at ’ehe third tap was from h.38
to: h.'i'S. In these tests there was slso & rise in presswre at. the fourth
and ﬁ.fth “taps. ’ ' |

This rise in the lecal a.pparen'ls ceefﬁcienb ratio is ‘similar to

results in an d.matiga.tion by Aladyev. He was maaauring hest tramfer
: ',to mater ina tube, ‘and fouml a variatien 1n the pipa wall temperaturs
sim.lar te the above variat.ion in pmaaeure dr@p in tln ttbe. No direct
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comparison can be mmdlle., zra.s.“Aladyev measured ‘the ﬁipe wall “temperature in
: onJyfbhree pla.ees near the ent.ry and gave no details of the shape of the
entry sectton. |
Tha integra.ted apparen‘b frietiom eeefncient ratm reaches a maxi-

wum at an x/b ratio of 1.5, The friction ratio then fell off rapidly,
| Fm' testa A, B, C, anﬂ D there were no large ehanges in the fricti.en ratio
past x/p of 2.5. In test.s E, F, and G this change to more atead;r values
_ did not eccur until abowt x/D of 7.
. In figure 23 the local apparnmt frictien ceaffic:.ent. fer three of.
the tests is plotted against the Reynolds mumber based on  distance fram
the inlet. ‘l‘he value _ef_ the coeff:.cients seems to indicat.e that the flem
is turbulent. for all the péints plotteds The -vﬂw of the friction co~
éffici_ent ét. high Reynblds nunbers appears to be about double the valus

of the friction for burbulent flow over a flat plate. For lawer valuss
of t.heReynolds mumbers, the fricticn coefficient tonds to approach the
flat plate friction more closely. ‘The larger radius of the entry seemed

to have the effect of moving the transition region nearer to the entry,

. 'Em? : I.--Figums 15 to 21 show the local appé.rent friction coefficient
ratio and the imtegrated apparent friction cosfficient ratie plotted -
aga.ihst -the 'x/b ratio, -In all of these tests thefe is a large pressﬁm;
drep at the first tap Zollowed by & presswe rise. The muber of taps
being five ts.ps with a pressure rise in test A atxi only ome tap with a

: pmssure rige in test G
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The --in’é’egra.tfad ‘ apparent- friction coéfficien*& ‘gtarte. with .8 very
h:.gh value and-falls off rapidly. There were in gemral enly small changes

in the rst'lo after a value of x/D of 5 « . Boelter, Young, and Iverson founmd

similar results for hsat transfer %o air_-passing through a tube when the
entry was an ASME nozzle shape. In some of theltests; the ‘heat trans fer
rate reachedamnimat anz;/szlue of'3 and thenrose to a ateady
rate at an x/b valua o.f 8+ For hig,her v’alms of the Reynolds number a.

test ‘showed a h;i.gh im‘.tial heat transfer rat.a with the rate dropping unti].

a steady. valm was reached at anx/b value of 8¢

In figure 2l the "local apparent i‘neﬁ.on coefﬁeient or three of

\' the tests is plotted against t.he Regmolda punber based on distance from
 the inlet. - The value of the c-caeff;w:.ents seems to indicate that the flow

is turbulent for all the peimts plotted. There is a great similarity
between figures 23-5_:#6_. 2k, with entry TEL g:w:mg generally lewer valuss
of the friction coeficient ‘than.wére‘tobiaimd"nith entry II. This would
seenm Lo indicate that tha turbulent mgion developed i‘urther upstream
with entry III than with entry IT.

- This series of teste seens to inﬂiéate thét the inlet effect be=

'cmes mghgible at x/D values of baimeen 5 and 8 imcreaaing with increas- '

ing Reynoldg nubers. This apparenfly agrees with the idea of Boelter,
Yeuhg,_‘az_ﬁ'l‘varsen 'c_hat_ ‘the 'orfa,xw:.ta;on length is a functiqn of ths__Reynolds-
nuber, varying about as the one-fourth powers




CHAPTER V .
CONCLUSIONS

The feuéﬁ'iﬁg conclusions were drim from the experimental investi~
gation of frictien eoefficienta in the’ inlet length af a smooth round
tube with bellmouth entrances of different radii )
1, It ds the opinion of the writer that the bellmowth entrance
with a radius of one ‘pipe diameter gave a substant:.ally uniforn velocity
R da.stnbtrbion at the tube :Lnlet. .
2. For :rlem through inlet T the beundary layer is at first laminar
and aubsequent];y becmes ‘bm'bulent at a value of Reynolds -number based on

distance frm the tube inlet of abowt 5 x 105 which is about the same

| as the- corresporﬁing value fer a flect. plate.

3. Within the region o.f the lamixaar bonndary layer, the local
apparent friction coefficient dacreea.sed with increasing dist_ance from
" the tube inlet. |
| be A sharp increase in the fnction ceefficient aceempa.nied the
transition from laminar to turbulsnt boundary layer.

5.- The measured values of the local apparent friction coefficient'
support t-he laminar inlet theory af La.nghaar _

6. For flow through inlets IT and TIT the bowndary layer was tur
buleat from the beglmning of the inlet length. |

7. Elimination of the laminar boundary layer acted to greatly ine

crease the value of the apparent friction cosfficient in the region which
would mormally be the leminar imlet zone.
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8. To definite value of theinlet length could be aceurately deter-
mined. Indications are that the ‘length is less than that prédicted by

Langhaar,
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'CHAPTER VI
Rmmmﬂiem . ” ‘

In the experimental investigatiens of tha frict:.en coeff:l.clents
. in 'bhe :|.nlet length of round tubea, one ‘of the problems appears to be
'bhat of having a. unifem velocit.y dlstribution a:l; the tube inlet. The
investigations listed in the blbhag;aphy- have. geherally assumed thé.t
a wniform velocity does exist at the tube inlet;_' Shai:iro' and Smith
‘showed that this a-ssmpti'en of m:ifem'yeledty' may be affected by th; .
appreach- to the bé‘.’l.lmou’oh entry. In the present iﬁmstigatioh, the use
'- of bellmouth entr:.es with a large mdius gave a less u.\siferm velecit.y
dist.ﬁ.butien than the bellmmrbh with a radim of ene pipe dia.meter. In-
vestiga.tion is needed to find what t.emb:.natd. e-ns of approach am". bellmouth
radius will giv'e tha closest appreach to a umifom em;:vgr velocity. | .
The water levels in the alr-water manameters tended to fluctuate
rather violently at times due part-ly. to difficulty in ba’laﬁcing’ the air
and frat'er presgures. It is believed that an inverted two flu:..d manometer
: qouid_' give greater stebility. The connecting 1inés to the mancmeteér
should be equipped with diaphragms to pi‘event. loss of the lighter fluid

during preliminary adjusﬁment.s of the system.
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 EXPERTMENTAL RESULTS
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Table 1, Test 4, Emtry I |
P,, 51psig - By 30,700
T, 5¢°
e AP /8 4 %0/t
Taps : - L b JPEVL L o/ L1
. (me) AP CAPPTEN L KN
1=2 - ¢18 10,0272 ' 1,16 0.0272 1.16
2=3" 31 0,0h68 2,01  0.0371 1.59
3=l .13 0.0196 W8 0.0310 1.32
-5 _ .15 10,0226 97 04,0291 1.24
- B-b »18 ‘0.0272 : 1.17 0.0288 1.-.23
8.9 W15 0.0226 W97 0,026 1.13 :
11=-12 w12 0,0181 Y i 0,025k 1.09 .
_ 13-1). " &lB  ° 0,0226 927 00,0246 1.05
- =15 10,0166 o7l 040240 1.03
- 15=16 18 - 0.0272 ‘1,17 . 0.02h3 104
. 16-17 _ o3k 0,0212 - 91 00,0241 - 1,03
17-18 «30 0,053 1.94 0.,0252 . 1408 .
C 1819 - W13 0,0287 ' 1.23 - 0,025 1,09
. 19-20 ) .16 ’ ’ 0u02}.|2 . lo@h 0.@25’-‘ . - 1.@9 )
- 20=-21 «15 0,0226 97 0,0283. . 1.08
C 21-22 ' 27 . 0.,0L408 1.7 0,0259 . 1.11
. 22=23 ' «21 - - 90,0317 136 0.,0262 1.2
232 .29. 0.0k37  1.87 0.0270 " 1.1
25-26 : .83' L0.0267 0 luh - 0,0267. ' 1.1!1
2627 2.62 0.,0246 106 0.0262 1,12
29-30 5.16 0.02kL 1,05 0.,0254 '1.08

30-31 - 6.0  0.,0231 W99 0,0250 1,07
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Figure 1., Results for Test A, Entry I, Ratiss of local and -

integrated apparent friction coefficients to the
Karman-Niluradse friction coefficient agalnst. L/D for
constant .value of RD. . . '
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Table 2. Test B, Entry I
P W2 psig : By . 53,800
W, 9% lbs/min. fry ©.0205
A -] :
Pressure o - :
Taps AP fypp £ ypp/ Tt Tarp fnrp/ K-N
(nﬂzg). .

1-2 »38 0212 1.04 .0212 1.04
h—s 03 8 10212 1 ooh ' ooéhli l 019
L6 28 . 0156 T 0226 1.11
6-7 36 L0200 .98 W0222 1,09
7-8 +36 -0200 «98 L0220 1,08
89 35 0195 .96 0216 © 1,06
10-11 .36 0200 «58 . .0213 .Oh
11-12 o3 .0150 «93 0211 1,03
12-13 oSk L0301 1.h7 - 0218 1406

' 3-1u il 0246 1,20 0220 1.08 -
15-16 52 0290 1.42 - 40222 1.08
17-18 .27 0151 o7h .0228 1.1
19-20 «32 L0179 «88 0226 1.10

- 20-21 o2l «013k 66 0221 1.08
22-23 . 033k 1.63 0230 1,12
23-2} .79_ T #0390 . 1.91 0237 1,16
2627 . 6.38 0222 1.09 : .023@ 1,12

2728 -9.,68 40225 1.10 . L0228 1.1
2829 12,10 0211 1.03 o Wo22h - 1,09

29-30 - 11,9h 0208 O .02 - . 0220 . 1,07

.86 . ,.-.9221 08: .. 0220 - 1.87
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20 . 60 100

Figure 2. Results for Test B, :.ntr;,r I. Ratios of local -
and 1qteg'rated anparent fnbtion coef'fic:.ents te the

Earnan-Nikuradse friction coefficient against /D
for a consta.nt value of Rp.
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Figure 3. Results for Test C, Entry I. Ratios of local
and integrated apparent friction coefficients teo the
Karman-Nikuradse friction coafficient agalnst L/D
for .a constant value of RD
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Table ha Test D, Entry I ,
P,o 3Opsig | wd mm.uo_oo
W, 13 lbs/min, Ry 0186
T, 533
Pressure A C o - -
. P o SN, £ _ £/t
Taps (80) farp Lapp/ Ty APP 400/ Sk
1-2 o9l 0182 - . +98 0182 98
2-3 1,96 0378 2.04 0282 1.52
3-h 299 L0191 1.03 #0252 1.36
m—..lm QUN . ogﬁw Omw OONQ—& CHO
S=b «78 0151 82 ,0198 1406
6=7 LB +0286, 1.54 . J0219 1.18
N ﬂim Hcmm ’ oow&u HCW& . ' .Omw.m HONO
89 140 - 0270 1.6 0238 1,28
. 9=10 . .ur . J0066 «35 .ompw " 1,18
Huupr_ 5 L0087 .rq; _.opmr. __.ww_
18216 1,00 0194 .or _.opmq 1.01
16-17 2.6 2050l 2,72 021 L 1,15
- 17-18 1.1 ,0213 1,15 021l 1,15
18-19- 247 J052h 2,82 022} 1.21
-19-20 2.3 0lhis 2,40 0237 127
20=21 1.3 L0262 1.36 0238 1,28
21-22 o7 L0135 073 0232 - 1.25.
2223 1.2 #0232 25 - - 4023L T 1426
Mwlwr N ON OO_._.M@ .wo . N QOMM_.N ) H_.OUO
NWIM& H“oO J0182 twm . 0220 ) . -Hm
26=27 . 17.5 20212 1.1 o .0218 1417
©L27=28 7 77 25,3 4020k 1,10. 0215 - 116
- 2829 - - 2943 - L0177 96 Tl 0020l L v 1410
30-31 - 3605 0176 95 #0195 1,05

ET
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Figure b, Results for Test D, Entry I. Ratios of local
and integrated apparent friction coefficients to the
Karman-Nikuradse frictien coefficiemt against L/D
for a constant value of Rp.
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Table 5. Test.BE, Entry I -
Pcc " 32 psig -RD- 92,500
W, | 166 lbs/min.:; ._:K—N .0183.
T, 53
Pregsure A : ' '? _ _'?' L
Taps (,325) fep Lape/ Tk APP APF kN
1-2 1.3 0187 1.02 0187 1.02
3=l 1.19 L0172 o .9h J021) 1,17
L4=5 1,40 0202 1,10 - J0212 1,16
- .56 1.67  .0240 1.31 0216 1.18
6=7 1.k6 0210 1.15 #0218 1.18
7-8 1.65 0238 1.30 0220 1.20
8-9 1.06 0152 T .83 0210 1,15
10-11 1.60 #0230 - .26 L0206 1.12
1n-12 .60 .0086 M7 0192 1;05
]-!1—15 1 '090 .0273 ’ l oh-9 00189 003 .
16=17 1,90 027h 1.50 .0193 1.05
17"18 1. 80 0025 9 ‘1 u’.lz <0197 1. 07
18-19 3.5 050k 2,76 0213 1416
19-20 he2 L0605 To3.32 0236 1,28
20=21 1.7 «02hh 1.34 «0236 1.28’
21=22. 7 «0130 71 #0231 1,26
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" Figure 15. Results for Test A, Entry TII, Ratios of local:-

and integrated apparent friction coefficients to the
Karman-Nikuradse friction coefficient against L/D
for a constant.-value of Rpe -
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Figure 16é. Results for Test B,’Eﬂtry ITI, Ratios of local’

and integratéd apparent friction coeffifients to the

Karnan-Nikuradse friction coefficient against L/D for

a constant value of RD.
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- Table 17. Test €, Entry IIT
P, 18 psig.. | B 65,500
LS ;.bs/min. . fK_H 0197
w 83°
Pressure : _ _ - E
Taps | (.ﬁi o) Tapp app/ Ty Lapp T/ Txx

' 2 )

] 26,8 67 8Le7 1,67 8k.7
1.2 + 23.68 0968 heB1.
2-3 + .20 _ 0605 . 3407
3l + .8 _ L0312 1.58
’4""5 : ' 20 001213 063 .02711 10_3.9
5-6 285 0177 " e90 40258 1.31
67 +1i5 0095 48 0234 1.19
7"’8 017 001% 05}4 .0218 1011 :
8-9 +33 <0206 1.05 L0217 1,10
9-10 28  oi7h 88 L0213 1,08
10.11 L0 02k 1.26 0216 1.09
11-12° .08 .0650 25 0202 1.03
12-13 65 LOholy - . 2,05 0217 1,10
13-1} .28 LOL7L .88 .021h 1.09
=15 b5 040l 2.05 0227 1.15
15-16 “o15 40280 1.42 0230 . 1,17
16-17 12 L0075 «38 0221 1.12
18-19 W29 7 L0181 .92 0213 1.08
20w21 . WJlib 40286 145 20219 1,11

"22-23 7. 0292 1.8 - 40215 1.09
23=2h 27 L0169 86 T 0213 1,08
2ly-25 2 6h. 20206 1,05 L0211 1.07
26-27 5_.5 «0197 1.0 #0205 1,0k
28-29 10.l" #0203 '1.03 140204 140k

’ 29—30 1001 00197 o 1._ '.00203 ' 1003
30-31 «020 . 1.04 - 40203 1.03




| 5.0

4o

1.0

APP

APP

5 ;: 1 0 - 60 100

LfD '

Figure 17. Results for Test C, Entry III. Ratios
and integrated apparent friction ceefficients
Ka:wmn-ﬁikuradse friction coefficient’ against

- for a constant value of Rpe

of 1ocal
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L/D




Table 18,

Test D, Entry ITI

57

L0187

P, 20psig 80,300
W, 97% Ybs/min, £y 0188
T, 8%
Pressure : . _
Taps (-4 .P) ; fm - -fAPP/ kew ?APP rAPP/ fK-N
- ("H,0) R -
0-1 28.5 1.18 640 1.18 64,0
1.2 + 29 . . Rey) 38 3.96
23 + W17 OL7h 2.52
h‘;’ 070 00289 153 . 00282 1050
-6 A8 L0198 - 1,05 L0269 w; b3
6=T 25 . #0103 _ 95 2 024l = 030
8-9 . &8 #0198 1,05 »0220 - 1.17
9-10 oli3 ,0178 - 95 +0216 - 1.15
10-11, .72 0297 1457 #0223 1.19
11-12 47 +O19L - 1.03 +0220 1,17
1213 +38 0157 +83 20216 215
13=14 = 017l +93 . 140213 1,13
1415 »80 0330 1.75 0220 1,17
16-17 C W05 «0021 21 #0200 1,09
17-18 008 : om33 ’ 018 00195 o . 1’0'.’.
18-19 7 CS019k . X.03 L0185 1.0k
) 19—20 057 . 00236 o 4:25 B 00197 C . 1.05 =
20-21 58 . L0240 - 1.28 L0199 - 1406
2hr25'a. -~ 40 ;0206 - 1.09 W0199 11406
25-26 o 7 * 7 .0199 1 006 .0199 1 006
26=27 7.0 0182 4 L0195 1.0y
27<28 - 10.9 0188 1,0 40193 1.03
28-29 7 i 1hl6 40189 1,0 L0192 1,02
29=30 - 1.0 0182 97 L1950 1.0l
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Figuré 18. Results for Test D, Bmtry III. Ratios of local
and integrated apparent Iriction coefficients to the .

Karman-Nikuradse friction coefficient: against L/D
for a constant value of P’D
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Table 19, Test B, Entry III

P,, 21 psig B TR . _RD ?1,190
W, 1105 lbs/mine R Cf g 0183
Pressure A . \ o _ o = 7.
Taps P £ o e/ P o S SV SN £ o
om0 e Twee/fen Ta _APP/ K-N
1-2 +25.5 S | #0777 h.zs
3=k - -‘F o9 - o #0292 : 1.59
- B=6 55 0178 - .97 2L 1.33
- 7-8 ] 0162 L .89 #0224 1,22
8-9 _ N 20195 T 1407 ' «0222 1.21
9-10 .65 #0211 015 . ) 00222 1.2
10-11. - W85 L0276 1451  W0226 1423
11"‘12 - 03 om97 ’ 053 00216 1018
12"13 : .5 00162 ' L] 89 002 12 1 016
13-14 b 0195 1,07 20210 1.15
. 14=15 . #0260 ldi2 «021) - L7
15-16 - 55 0211 1.15 S W02l 1.17
1617 2 - 0065 36 . 0205 1.12
17-18 25 +0081 ohl 0198 . 1,08
o 18-19 o3 L0097 053 . «0193 ' 1005
- 1920 o7 0227 le2k D19 - 1,06
.20-21 S <0292 .I..60 L. ..0198 1.08
21-22 - 1,k -+ J0U53 _ 2.48 0211 - 1,15
2h-25 L7 20190 - 1.0L : +0200 -~ 1.09
25-26 10.1 0205 L.12 _ +0200 - 109
26-27 . 9.0 W0183 1.0 - L0196 - 1.07
2?"’28 . 1).1.1 ’ 00191 ' 1.0)4 .01914 . 1.06 ‘
29=-30 1843 +0185 - 1.0 CW019F - 1.0h

30—31 _ 2202 .:0__0 180 . .98 . - 00189 : ' 1.03
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Figure 19. Results for Test E, Entry III., Ratios of local
and integrated apparent friction coefficients to the
Karman-Mikuradse friction coefficient against L/D
for a constant value of R, '
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Table 20,

61

 Test F, Entry III
- K
P 20 psig wu .Homuooo
W, 131 Fum\w»u. ey OAT7
Ty 82° 2
mnammzam : : S 3 _ - :
Taps cm mmm ) fap Tupp/Trp APP £oop Tken
1-2 12,8 L : ..qmw L.28 "
2.3 + 35 o _ _ «O478 2.70
wlm«. 4+ L.«m B - «0333 1.88
m.ﬂ@.: . om._. i OO@WN OWN 08_.—._._. H.wm
=T 8 184 1,04 <0237 1.34
ﬂlm -.w oOH@H . _-W.._. QONM-& ’ H.N m
WlHQ om m OO“_-N.N - e..—‘N CQNOW “_- .H.@
10-11 1.8 Ol15 2,35 »0223 1,26
11-12 ol L0092 «52 «0213 1.20
12-13 95 ‘40219 1.2k 0213 1,20
13«1k - 75 #0173 98 e0211 1.19
1h-15 95 0219 1.24 40211 " 1.9
1516 o8 #0184 1.04 0209 .Hmz
17-18 55 TW0127 o72 - W0196° 1.1
.Hmlu.w ) o.wm ,._.O.H.wu ’ owm - QOHWW ) “_.o“_.o
21-22 1.5 03h6 | 1,96 #0200 H.Hu,
22=23 o5 0115 65 #0196 1,11
Nwlmr : Ou 08@@ ouw ) OOHWH. ’ OQ@

- 26-27 13,0 0187 H.oa - 40188 1,06
N.NINm S H@.W ’ O@H.@H 1,02 .Q_Hﬁ@ u.oom
28-29 = - 2h.5 0177 1,0 0183 1.0k
29=30 - 2he2 017k 99 0182 1,03

99 «0180 . 1,02

3031 30,2

~ <017h
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Figure- 20. Pesults for Test F, hntry III. Ratios of local
1 and-integrated apparent friction coefficients to the
Karman-Nikuradse friction coefficient agalnst L/D
for 2 constant value of RD
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" Table 21, Test G, Entry LXL

Poo 2bpsig . Ry 139,_5
W, 169 lbs/min, . _ e n 0168
T, 8&°
Pressure s U = - |
- Tepe (ﬁﬁg) fep - Ty e T/
0-1 - 28.8 01 2349 - Wh01 - 2349
1.2 +200h : ' ) OGBS ) 3.&8
- W2 .0028" - .17 _ 0288 1,71
Bb : 1. 0195 11,16 .0272 1.62
7'-8 201 00293 l.?h i , 0021[1]- ] 0'4-5
S %=l e85 1 ,0119 N 4 ] ,0216 1,28
16-11 . 1.k L0198 . 1,16 L0214 1,27
) 12"13 \05 .0076 0’42 : 00199 1018
13-14 2,1 0293 1.7h 0206 1,23 : ,
) 1}4"‘15 05 i 00070 a’-lz : -0197 1017'
15.16 N L0056 33 . ,0188 1,12
16-17 1.8 L0251 1.h9 0192 1.1h
- 17-18 1.9 .0265 1,58 0196 1,16
. 18-19 1,0 7,010 o84 L0193 1.15
19=20 5 008k 50 L0187 1.1
- 20-21 S 008 S0 - L0183 0 1,09
- 21-22 1.7 20237 k1 . L0186 1,11
23-2h 5 0070 42 - L0179 1,06
2h~25 - 10,0 OL7k 1.03 L0178 1,06
25-26 19,9 - 0174 1.03. . 0176 1,05
26=27 21,3 018 - 143 0176 1,05
. 27-28 29,0 - L0168 1.0 . . 0176 1,08
28-29 koo L017h - 1.03 0175 1,0k
29-30 37.5 - 016l 98 v #0173 1.03
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Figure 21. Reaults for Test g, Entry IIT. Ratios of local
and integrated apparent friction coefficients to the °
Karman-Nikupradse friction coefficient against L/D
for a constant value of RD' '
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Figure 22, Results for Entry I. Value of £,pp against Ry for constant values of RD
Companson with flat plat.e theory and lammar flow t.ﬁeory oi‘ Langhaar.
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Figure 23. Results for Intry II, Values of f, ., against Ry for constant values of Rpye
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Location and Size of Pressure n_mrm

K

68

Pube Diameter 0.548 inshes

‘Tap ip o d
0 0 0,020
! 8,50 " 04020
2 1,00 - 0.020
3 1.50 0,020
Y 2.00 0,020
5 2.50 - 0,020
‘6 3.00, 04020
7 3.50 0,020
8 4400 0,020 -
9 #4450 . 0,020
10 5400 0,020
11 550  0,020.
12 - 6400 0,020
13 6450 o.ome
15 T+50 .8@
17 8450 .emo
18 9400 o.omo
20 10,00 a_._%o.
21 10,50 0,020
22 11400 0,020
23 11,50 0,020
2h 12,00 0,020
25 16,00 0,020
26 2)1.00 0,020
27 32,00 . 0,020
28 - hhooOo 0,020
29 160,00 - 0,020
30 76 .00 0,020
31° 96,00

© 0,020
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-METHODS OF CALCULATION
The Reynolds number based on tube diameter is defined by
% = mp e )
where V is the mean velocity in respect to the mass rate of flow and the
density  and viscosity "are evaluated at the mean tempersture and
pressure of the stream, - | |
The Reynolds number based on distance from the inlet is defined
oy

Ry = VX2 [t
where X is the axial distence from the inlet to the point concerned.

" The local apparent friction coefficient is defined by

Pp =Py = fAPP e V2
B 2g

'-where Py and P, are the static pressmres > measm'ed at the - tu‘be wall at
2 reapecfively. The value of fAPP calcula'bed _

was taksn to be the local value midway betwee-n-xl and 12,- The velocity ¥

is the mean valm based on the mass rate of frrlaw.

the ax:v.al locations Xl and I

The integrated apparent friction coefficient. at any point X is
deﬁmd by - ] . T - _‘ ..__. r.: -, o+ | ) -.:'u--{\-.

el
2




71

where p,, and p are the static.bressures measured at the first pressure tap
and point X respectlvaly. | "
' The Kanaan-l'ﬁ.km'adse coeff:.cj ent is deﬁned by the mlationship
1, _ ~
- '0 1931@ (Bﬁr;q-) 9.8

Trn

T
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Flgure 25, Flow Diagram of Apparatus
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