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This report dicusses theloss of head and axialor peripheralvelocity

distribution when water was made to flow through a horizontalpIPe With two

splralribs onitsinternalwall.Helicalangle ofthe ribwaslO00r30:
andinternaldiameter of the rib was one or twoinches.

Results obtained were as follows;

(1)FIowloss ofheadincreよsedwithincrease ofhelicalangle and sectional

angle of the rib･From the viewpoint of the characteristic of the flowloss,

the ribbed pipe was between a smooth pipe and a rough one･

(2)Intensity of rotation of the flowincreased withincrease of helicalan-

gle of the rib,but flowloss failed to grow to that extent.

(3)Axialvelocity distribution showed fairly good agreement with that of

roughpipe to a certain relative roughness,but velocity near the pIPe Wall

WaSlarger to some degree thanin the case of rough pipe･

l.=ntroduction

When transport of alarge v01ume of'solid particles with small friction

loss of head through a horizontalpipeis required,itis advisable to use rela-･

tivelylow velocity of- flow andlarge concentration or particユes.But this tends

to settle tl⊥e Particles and consequentlyleads to pIPe blockage･

To s0lve this problem>itis thought that some method olf causing forced and

COntinuous turbulencein the pIPe might provide buoyant force to solid particles

and keep them from deposition.

Charles et al:)J2)have experimented with this concept,uSing specialpIPeS

With aninteエーnalsplralrib ar:d fine or coarse sand.

The authors cfirried out some fundarニentalexperiments)aS a fir7St SteP iri

this approach,uSing water flowirlSeVeTalpIPeS With twointernalsplr･alribs.

Tn such a case of sing]e nhase f,low>ChaT7les e七 月l･h告､三戸 rePOrlted m the velocitTl･
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distribution of air flow through a 2-inch pipe with;モ Single r･ib,indicating

that a strong rotating flow exists near the rib.

2.Nomenclature

D:internaldiameter of pipe

D′:Shownin Fig.1

g:aCCeleration of gravity

h:height of rib

bl:10SS Or head

i:hydraulic gradient

io:hydraulic gradient of sm00th pIPe

L:length of test section

m:= D/h

p:pltch of- rlb

Re:Reyn01ds number(= VD/y)

r:radius of pIPe

V:mean Velocity of flow

V:Velocity of f-low at r.adius r

V&:Peripheralvelocity conlPOnent Of flow at radius r

Vz:aXialvelocity c(プmPOnent Of- flow at radius r

VzT.:maXimum axialvelocity at the center of pIPe

V■:frictionalvelocity

y:CO-Ordinate perpendicular to axis of pIPe

Z:number of ribs

E:rOughness of pipe wa11

e:= 900-¢

入:COerficient of loss of- head for the ribbed pipe

入z):= 0.316り R√有 (coef.ficient by Blasius)

〟:kinematic viscosity

′:denslty

T:frictionalstress

4>:helicalangle of r.ib

Sm00th pIPe

3.Pipes used

As shownin Fig.l,

the pIPeS uSed had two

internal spiral ribs(

t▼ribbed pipe一一 her-eaFter)

rつf- which helical angle

was100 and 300,and the

r10minal diameter was l-

′ン㍗ 2-inch. Cross sec-

tion of the pIPe are
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were used;relatively high(一.A七ype"hereaf'ter)and low(一▼B type"hereaf℃er)･

B type was used for2-inch pipe only.Ordinary pipe withoutエーibs(‖sm00th pipe''

hereafter)was also used in order

PIPeS･ Ribbed pipes and sm00th

PIPeS Were both transparent vinyl

Chloride types of､facilitate visual

observation of the flow.

Table l shows pipe dimensions

referring to the symb0ls writtenin

Fig･l･ With reference to the pipe

Symb01s,the hundredth rank of num-

bers shows the nominal diameter of

the pIPeJ the tenth rank shows the

numbers of the ribs, and the first

to get a basis for comparison with I-ibbed

plpe_ D Z ≠ ♂ アカ
J

hギ
D

S〉rてIlboユ､mm d句 d●9 汀‖¶

■-

h

tOO_

200

25.0

50.8
0 PO 0 `■【I

121A 26.5

2 10 80 178

21.5 Z5 10.6

221A 51.7 41.丁 5.0 10.3

221B 50.1 ▲2β 3.7 13.5

123A `2γ0

2 30 60 5.`

22.0 2.5 10.8

223A 50.6 40.6 5.0 10.1

223日 51.9 `▲.9 3.7 1`.8

TablelDimensions oflpipes used

rank shows the helicalangle of the

r･ib. In the table,P/D =クO does not mean the ribs parallelto the axis of the

PIPe but tJhe sm00th pIPe･

El.Experimentalapparatus and proceduエーe

Ll.1Measurement of head loss

Fie:ure 2illustrates the apparatus･The test section was about8･O mlong･

Flow corrector and sufficientlength of.sm00th pipe were used to ensure fully

developed flow in the test section･ Head tank or pump was used to feed water

in the reglOn Of relativelylow or high velocity respectively･ Pressure taps

were equlPPed atlO points as shown in Fig･2 and pressureloss between them

was measured by water c01umn manometers･ Since pressure 十aps were equlPPed

midway between the rlibs and pressurelosses were measurledin the rleglOn Of f.ul-

1y developed flowin the test section} the effect of.ribs and centrifugalf'orce

caused by rotation was avoided. Experiments covered the エーange Of Re =(0.9～ノ

1.2)Ⅹ104.

①～⑲‥P｡Siti｡nS Of pressure taps

G)～①:P｡Siti｡nS Of vel｡Cユty measuIlementS

A:PumP)B:head tank)C:electro-magnetic flow meterク D:honeycomb,

E:COup､1eエー)F ‥ Valve)弓コ ‥ mビaSur】1tlg ta‡1k

Fユg.2 Ex仁一er)1mentaユ appaエーatl｣S
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互.2 Measurement of'velocity dist‡-ibution

Velocity distribution of about three

kinds of mean velocity (0.8,2.O and 3.3

m/s) was measured at the four sections

◎,⑬,◎ and◎in Fig.2)of221A and

223A pipes. Direction and magnitude of

Velocity were measured by the use of a

PreViously checked cylindricaltube,tI-aV-

ersingit vertically along the diameter

Of the test pIPe. Diameter of' the tube

WaS 3.2 mm and had three radialh01es.

Flow rate was measured by an electro-

magnetic f､10Wmeter Setin series in this

line. Experiments covered the range of

Re=(0.9～13.5)Ⅹ104. static and dy-

namic pressure were measured by mercuI-y

C01umn manometer at high velocity and

Carbon tetrachloride column manometer at

low velocity respectively. A cathetome-

ter was used to read the manometer.

5.Experimentalr>eSults and considerations

5.1Hydraulic gradient

Figures Lland 5 show the relations

Of' theloss of head per unit length

Of' the pIPeline, namely the hydraulic

gradient ivs.mean velocity V of water

flow forl- and 2-inch pipe respectively.

The straight lines i in figures mean the

losses calculated from入8,and 入B gives

the coef､ficient of loss of head calcula-

ted from Blasius equation f-or turbulent

f10Win a ordinary sm00th pipe(Nomencla-

ture and Fig.8). Experimentalresults

for sm00th pipe almost agr.ee with this

Calculated straight line. Theloss of

head for ribbed pipe islarger than that

f'c)r> SmOOth pipe,and furthermore that for

4･= 300shows alargeloss.However,they

l.rle aPPrOXimately parallelto the calcu-

二.ated straight line.In addition to that,

一'∠二tフPe'' apparently shows alarge10SS

′:()mTlared to HB type▼一in 2-inch pIPe.When

`.he relat二ions between V andiin Figures

`十 find 5 are shown by the equation

a:three-h01e pitot-tube

Fig.3 Co-Ordinate and velocity
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1=､aVれ (1),

the value of †Ial†and ††n††are
ob-

tained as shownin figures for ex-

ample. Table 2 shows these values

for a11pipes tested. The mean

Value of ‖nllis n =l.7 forl-inch

pipe and n=1.8
for 2-inch pipe.

5.2 p/D and headlossincrease

rate

As shown above, theloss of

head for an ordinary sm00th pIPe

at turbulent flow showed little

diff.erence from that for the pIPe

Without ribs,and the value of
一一nlT

in eq.(l)for ribbed pipe,namely,

the gradient of the straight lines

in Fig.LL and 5, WaS almost equal

OVer the range of Reyn01ds number

in this experiment as shownin ta-

ble 2. Therefore,We Can COmPare

the head loss on the basis of the

5

pipe L q ∩ ∩

1B

SmOOth f8 0.0525 l.丁5

1.72
tOO lo 0.0引l 1.77

121A iJA 0.067も 1.丁▲

123A iJA qO851 1.もも

2 B

SmOOth lβ 0,0223 1.丁5

1.81

200 ん○ 0.0205 1.丁9

221A lJA 0.0269 1.86

223A よJA 0.0331 1.8`

221B f柑 0.02`4 1.81

223B ム8 0.0268 l.78

Table 2Values of ‖aTland 一一n一▼in
eq.(l)
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Fig.6 Headlossincrease rate

Sm00th pIPe and by means of com-

parison of T-al-in eq.(l). Figure 6 shows the re-

1ations between p/D andi/io
=
a, Wherei=ilA,

13A>1柑)13D and the effect of the helicalangle

or the rib.We can see thati/i｡Of‖A type一一does

not depend upon the pIPe diameter but on the heli-

Calangle of'the rib. On the other hand,i/i0 0f

‖B typeTT may also be expressed by one curvedline

forl- and 2-inch pIPe>though 2-inch pipe was only

employedin this case. tn the case of ヰ= 300,it

Can be said that the head loss of section A or B

type becomesl.22 0rl.09 times that
of¢=100r)e-

｡｢Tm
Sm00th.B type.A type

Fig.7 Headloss

increase rate

SPeCtively. In eitheI- CaSe, both of the curved

lines approach the value of unity when p/Dincreases towardsinrinity.

5.3 Shapes of pipe cross section and headlossincrease rate

As shownin Fig.6, there are clear differences between theloss of head

ratioi/io f'or both types A and B. Weiコan eaSilyimaglne that the flowloss

along the pIPe Of section A typeislarger than that f.0r SeCtion B type because

the rib of the formeI- is higher than that of thelatter. Figure 6 shows this

relation quantitatively･ Figure 7is an another expression of the relations

between the shape of section and headloss ratioi/i0.FI-Om this figure,it can

be seen that the headloss ratio for section A type isl･10 times aslarge as

that for section B type at p/D
=

5.力(ヰ= 300).
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5.LICoef.f'icient ofloss of.head

Water flow in a ribbed pIPe

COnSists of two f'lows; OnelS an

OVerflow beyond the rib and another

is a rotating flow. Therefore,it

is conceivable that the loss of

head for the ribbed pipe fails to

depend upon the friction between

fluid and pipe wallonly. Now,eX-

PreSSing the10SS Of head by the

next equation as for turbulent flow

恒=入‡妾

0.06
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/ l h
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u u
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月e

Flg.8 入- Re

in a smooth pIPe

(2),

We Obtain the relation between 入and Re as shownin the figure. And we can see

that coef-f.icient 入depends on p/D and
the shape of the cross section,regardless

of diameteI-,anditis expTeSSed by curvedlines paI-a11elto that of入B.Ribbed

PIPe tends to be between sm00th pipe and rough pIPe With alar.ge pitch wavy

Surfacein Tegards to the coefficient. Then 入is quantitatively expr.essed as

r0110WS.

入=≒入β (3)

Appr｡Ⅹimate

values｡f旨and,f｡r reference,入for a surface｡f relative r｡ugh-

ness D/E=100 ar･e Writtenin Fig.8.

5.5Velocity distribution(peripheralvelocity component)

Velocity distributions measuredin the case of'Ⅰ-elatively low, middle and

high velocity for･221A and 223A pipes are shown in Fig.9,Where vx,Vz and v

are periphera10r aXialvelocity component and mean velocity respectively･The

indications a-a,b-b,C-C and d-d show the position of- ribsin the cross sec-

tion where velocity distributions were measured. At measuring ◎(L/D=9in

Fig.2), V is smallandit can be said that the f'10W is not yet fully devel-

oped. At ⑤(L/D:32),◎(L/D=62)and ◎(L/D:98),the pr｡file of've-

10City distributions
vx/V and vz/V

f'or each pipe diameter and each velocity re-

Sembles each otherin shapes, and peripheralve10City components become smaller

near the center of the pIPe. Peripheralvelocity components vズfor 223 pipe of'

¢= 300islarger than that for221pipe
ofヰ=100･

This shows that the cir-

culating f.10W forヰ=300is moreintensified than forヰ=100･ Velocity dis-

tributions near the pIPe Wall near the rib do not markedly differ from those

distant from the rib. Charles et al. have measured the velocity distributions

of air flow at 60 points for 2-inch pipe with al/4-inch xl/4-inch continuous

spiralrib of p/D= 3.0. Flow rate of air was 50.2ft3/min.,but the results

failed to show a distinct difference between the velocity distributions near

the rib and distant fromit. Now,We aSSume that the areas FIand F3 Shownin

Fig.9 express theintensity of rotating flow. Theintensity of the rotating

flow for223A pipe is about twice that for221A pipe at the positions ⑤,◎

and 伝)where the f･10W attains the fully developed state at each mean velocity.

●
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Fig.9 Peripheralvelocity distribution

Though the result for 221A pipe showed alittle scatter> this may be arf'ected by

the direction of theI-ib at the test section.

5.6 velocity distribution(axialvelocity component)

Figure10 shows the axialvelocity distributions with no dimension for

Various mean velocities,Where

Ⅵ=(テ)を=Ⅴヱm(与)与
(句)･

Axialvelocity distributions for sm00th and rough pipes are shown by s01id

linesin the figure for reference.For mean velocities of O.8,2.O and 3.3m/s,

Velocity distributions of 221A plpe are equivalent to those of rough pipe with

a relative roughness 90,200 and 350,and those of 223A pipe t0 30,60 and 90,

respectively. Axialvelocity distributions for 223A pipe withlarge helical

angle of.ribs are equivalent to those for a rough pipe withlarge roughness at

every mean velocity. In either case, aXialvelocity distributions are equiv-

alent to those oflarge roughness as the mean velocityincreases･ Figurell

shows the relations between(vzm
-

V2)/v■and y/r
for 221A and 223A pipe. The

S01idline denotes the velocity distribution f-or rough pIPe,and by way of exam-

Ple, the calculated results f'or v =

3.3 m/s are also plotted. Itis obvious

from Fig.11that the axialvelocity distributions can be expressed fairlly well
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by those f-or:rOugh pIPe,but they are flatteIつ

than those for thelatter;in other words,

the axialvelocities neaエー the pIPe Wallare

larger than expected. Thisis attributed to

the ratherlarge peripheralvelocity caused

byI-1bs.

6.Relation between strength of rotating

flow and loss of'head

The relation between the strength of

rotating rlow defined by the area Fland F3

in section 5.5 and the loss of head for 221

A and 223A pipe,is shownin Fig.12. The

Strength of'rotating flow for4)= 300is dou-

ble'that forヰ=10: and large agitating

effects are expected.Butit does not always

f0110W that theloss of head f'or 4>= 300dou-
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ble that for4):10:becauseitis ab｡utl･35times
for srnooth pipe and l･22

times for ribbed pipe of ヰ=100respectively･

7.Conclusions

From an experiment of･water flow through a specialpIPe With twointernal

spiralribs the f01lowing conclusions were obtained:

(l)The flow resistance of water through the ribbed pipe becamelarger as

the area of cross section and the helicalangle of ribsincreased･ In regard

to theloss of head,ribbed pIPe Showed aintermediate property between smooth

plPe and rough one･

(2)Both the strength of rotating flow and theloss of'headincreased with

the angle of the ribs)but the rate of･headlossincrease wasless than that of

rotating flowintensity･

(3)Axialvelocity distribution could be expressed fairly well for a pipe

with a certain roughness} butit was flatter than for an ordinary rough pipe,

namely,the axialvelocities near the pIPe Wa11wer･elarger than expected･
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