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Distributions of the velocity and pressure of the pulsatile
laminar flow in a pipe with the various frequencies
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Abstract

In this paper, the fundamental equations are developed for the pulsatile laminar flow gen-
erated by changing the oscillatory flow with 0< f<48Hz into a steady one with 0 < Re <
2500 in a rigid circular pipe. Analytical solutions for the wave propagation factor £, the axi-
al distributions of cross-sectional mean velocity « ., and pressure p are schematically derived
and confirmed experimentally. The axial distributions of centerline velocity and pressure
were measured by using Pitot-static tubes and strain gauge type pressure transducers,
respectively. The cross-sectional mean velocity was calculated from the centerline velocity
by applying the parabolic distribution of the laminar flow and it was confirmed by using the
ultrasonic flowmeter. It was found that the axial distributions of cross-sectional mean veloci-

ty and pressure agree well with theoretical ones and depend only on the Reynolds number
Re and angular velocity w.
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Fig.3 Schematic diagram of the experimental



566 A - Bokg

£

&

1
ok

3

Photo.1 Overall experimental appratus
ForA wHld|
FRAUIE Sl
1g.37} Photo.l9] 1}
A vhel e HFHAA °]°\'°4 AEe s}
FEE I ofate] AF
ol 92 dr (B
| o8k f48 AR

of olsle] AR, BUER FusE WAL
F 9E HERArl] QAW slolmte] ol
#e) Gl MAH BULE HANA BEol

AsHEd AR7Iz8EH 7ds ddlz fdste
AAEEE FAANA RERFFTE BESY dEE
Bl AYR-E AuEsE fAe) ek uE

FAZAA Y] Ho} o] WA A9 gt e £A
sk

Ao FRPEE YA, $E2YPE, Yy
BHa, AF71, 98, yjoREe £rxH, )
JuE, AEE So alil, Aol AHEH F8 &
Fadle 9 Al F7t) wiE FAZ5A e
ERE é 4517] % s e, Ee A
st AEHAANE (A7 (3 Druckiit

DPI 420), @Hisd &%, 32 9 dolzz,s
487 A% 2SIFEA (% Controlotroniit
System 990 Uniflow), t&w¥gtzjz2e Z4%
HE S Mzg wEste A&Esr) A
A/DHEZ7] Fo] dut. #e] HERe F4 Imm,
W7 20mm, Zo] 2.5moli WiHo] njiiz]e 93y
o g Azsta 2k

H71A

Fig.4 Test ‘section and pressure measurement
tabs

e #YS FEol RYHES &) detel g7
wol 457712 Axsin, 443 WRe §5o 5
52 871 skl BYREH WEHF A
Agosie duel MUA GHZFUAA )
Aelg FHagel HHHO R ojgEE YUl
Le=012Re.R2NE AT Qolic} $43] 2
A Sraict. & Aol olg® @
AAABUE Figaol A Jerhsich
EEEI DRI, SEREE R CRRE
deto] A5rae] ol SOk Bel F A
CRYE B 25m L FAHLHE el
el AEA0 B Smdslel slziel 313
0= £ 60Hz) AN S0

il

by

N,\""
\A‘
o

oz

-
o4

oif
m\o

o%
ot
[
.
o
oZ'_
Red
N
a
=
o
L"‘
/

o

{ ro

o
ol
£
o
i
o
¢
o
w4
ol
ol
2
i)
L

£
P
i
>
i

o ol
o :\‘°

&=
o
IN
D

LA
DS
[ 92}
o
o
o o

s
=

!

~N

=

2 SR
z
g,
N ol
r !
=
off
=)

ift
ﬁdi
> X
r.
- ow

2 g

]

|

&

2,

jias

e s

e

B

12 X,

i& Prh

rgn 3R

rlot :

T

U o

{

LIS

ha

ol

o

2

)

I

oX

1

il
i
ol
=4
R
i)
Mo b 42 2 r
"‘O o‘r—v ‘\ -

(R} 40
o
X,

;
o

S A e ol
O

[}
ol
o X® K
o &or
-
2
o oF
e
W
57
g
N
N
O
)

1
ot i
~ 0
<
L
=1
=
o

4
=2
o
¢ ¢
o
o

1
|

glo E 4
o
rk :
e
~N
o

o 2

=)
B
2
zo
el

u e

>
32

ir

0O

o
1
&
2
)

o
2
]IO
1
LA
}.r-(
2
o
i

2 J‘ﬂ.

o
bt ol
o 5
U
g X 9
S <
rz

ol
ok

kS

(o]

i
£
>

o apr
e

0%

ooz
i
o
A
e
2

oz

\.2 J}ﬂ.‘ n}{ﬂ
}"J

t
i
o
1l
D
olft
>

r
U

|
|
i

X
ol
o
N,
do
ol
o
8
L
obr
2
Jo
N
S
b4t

/gouz e oI5

T2

3
H1
il
o

o
o
Z
o
2
=
riu
0O
g
W
X
£
0,
2
>
o
2
it
st
lo,
of
of



Fophe] skl me 9

0.3

e
&~
T

plkg/cm?]
T

OP/

|

|
LJ_,L_l,J_A__A__L l_x,__Av.n__x,_i [

Elvolts]

Fig.5 Calibration curve of pressure p with exct

tation voltages V (( @ . experiments,
— : least square method)

o] 17]e] HEEHYo 2 THER, o3 HHYE
#F%& et 50cme| o 6702 A Adx
gt ZWeF Al & gEE Y3l 2Ed
AA )= Al AA ol GRS A/
DgrioA A7 AE, & oAV (EEEE
71, excitation voltage) 0.2 Wgste] 7EE] ¢
#3 thg oy @& AR st s 9o
8he] gt "J W7o or)dd Vof k8 po
o] AL p=0.289578V +0.131650] o]z
BE 73 E’bt‘fﬁ" Fig.5o] vehh ) =3k <
AWgre] AR AEFUAA| AR Fo] 2]
2o 7o JHEEg ehds] do B
2 Bl ohs 75 AEEE S Al A
A e FARY] A7 %‘a‘ﬂ%}ﬂ I 2o
@BE 7 ¢ UA=E mYsidn. nela Uy
Aelol wh b AEES AR 2ol e gty
& 71Eor do zizhe] A gelMe e wiv
a1 aE 74]*}3}93‘:}'

N

mﬁ'

WEfEe gHdEsEs JEgeiee ol
Mol el 58 249 T 2ol KA
2 AEHE TEHY SEEE FUE olfdl

el 1285 3
gueliel A5E BEE gl .
Ae f4 2Tl ARRerEE st

4 the ol

I

agezy =

FUABEF Sot ge) 2y 567

Wide-Beamd =&3f8
3} 2 slof| ‘I}% frag o lv_?;“rg
Hate diolElE Helgoz
£E2PF A dHET 558 39
At

Fey
Y
I

o
ki
M

of oft
oX il g

> £
i ol

=
i)

Ho oy
oif

oﬁ E‘lo_. S

o

B

offl

o,

it J{N

°91~

2
B R o
. ol

° %
]
s
il
_ Jo
\(\u L"l
Ol
)
32
ki
s
oz
it
1o
luf
i
of
ox
iyied
4
of
o
)

J]'%* d—l}ﬁ T HlellMel Fas

el A= 2 (32) 9} %_}g AR S
2 JeRd ‘? 0’5’-‘% A8y 2o AFray o
AN theo] Aoz RS ’Eﬁ}J}QI 2 (3
%%, wave number) & i 5 grh.

p= (35)
Uy
A7 a1z Aol YA Heo] xslube] i
£ IEFEE gl dEe] vizlgws)
ankd Ao e] npEdEA g FAE = Qlrpd
i FA1 el Al &4 col tARsCh czeih A
Aol oste] dAlR ZA=E AFFEY dasn
= HAEEIE ofet WERFe dAs dAdsE
&R O] TEE(BERE)E o)y 9AERN
g A fAglabel eFar) dekvle] wwg
HAEE o thge oz vepd 4= Q)
dw
Um g Tk (36)

é1(33)1} (34)oll A R-3l7] £18F AAMEHE p

J= 7h7kel dloliadol tafel Agire] grE
w 15} 6014 FAs Azl F3E grelol).
ol Fupse] Wsle] WE %o B4
@ohs] slete] (35 i) P s} 4

AL p, puit BUBFEE



AE - mge

568
2600 _—r‘"“ﬁ_"’—“"’_‘} v.15
{014
2500 ——— 8.
- 0.13
§ 2400 7
~ " 0tz
oy g
= [
— 2300 f
= 211 S
2200
0.10
(o}
g2 —
g B
~ ~L
el g
& X
As 1 N 0nts
60 X
} fo1a
1
2500 1 J
! o )
—_ o ~ 7 dora
= R i ! _
2900 AN
§ o
~ . w1z £
5 | — o H
ﬁ 2anat " - ‘ —
= 1\,.;*7. - . lorr 3
o Bt BN |
N A B !
2zo0 b \ Voo
‘
B -
2roo0t T .09
o 25 so 75 100 izs 150
x/d
(c¢) Re=2500
Fig.6 Axial distributions of cross-sectional

mean velocity and pressure with the varl-
ation of frequency f(— ! theoretical, ¥ ;
V.f=6Hz, A;A f=12Hz, w0 f=
24Hz, @ ; 0 f=48H~ pressure’ velocity)

wES 77 Figbst 7914 vlwagct. o] 1
oA Hojzl wpel o] f5g WellAle] SA4%k
o #¥E FAAAETF Riw/v 9 &4l 0|2
W Aol dAjEtEg o] vk Feo] dAsta &
& Weldel A4 aatE FAE 4 dvkE, &
ol AAAM PAAF7E dAsoE o] HEe 74
Ztol dols =g tatef eute] g e,
& =M fed AEd 9std fFo FHYE
AgetA A Fsh= Aol Fede & Ak g
i FigbollM FAHE Sidzdol 09 A, F 4F
o} x=0% AN BE Fol digte] FLsl
AFakg godlMe gEe] EntR Btk
AFde] 9, & So f=48HzoAMw
upet Fakdez Azt o 5091 AH7

o w

2o R
fr o g
0&:
il

ol o= AR kst 348 Bal
=A% ¥ 4 Uk 8 SRE RN A
Fohpol el d o 2 @g Holtht sifa 2
% nFshael ool gol BN o AL & 4
gtk eln FUD dolExiel A9 AFTS
G A 4t qrel Walh Ao) glo] wet
E49 FANY AFHAD T4k ke et
gee] Ao gasts v SEb- FAd
Z7He 9 5 Aok 53] 470 ol 3
29 FYRe7 Z748e wet gee] Rasta
&Rk bk FAlolAR, f=48Hzel A9, %
DF ol Fae) ARelN &esh ot
ol FAdl gHshm HE9 gl vt
WS Qe o 4 Aok Fig7 2y dolis:e
Gt Mg GRS Aol Aol o) 1
wglelel dhiel HAgHpelMel giee] oA
%] S AXw, SEL ofs) wfe] Ao
& e e oF &

Sg o Aadel weh Fug sl w2
593 BRYAL WERES WY s
2RE ARl £9Ee el s o

50cm Aoz JHEMEIAA B e E o

Bz wholgel i vto|tt, Fuppr) A 4
ol ol A3 Tt A vepe o]f w

ol "HFAREE A Qo M= FEl= *Praok‘—:’-i %



fenl

£ 2400 ':

& ~
& 3

ey -

= B
o
£ &
S ~
% &
= —
o =

(¢) f=24Hz

SRUEAES S50} el v¥ 569
2600 ‘77" - T T e
\
o4
2500 pmm & I
o 8
g R i
~ ~
el 8
= —
_ x

plkg/cm?]
wlm/s]

(d) f=48Hz

Fig.7 Axlal distributions of cross-sectional mean velocity and pressure with the varia-

tion of reynolds number Re(—
A Re=1500, m;

He Alofsted, ATy Fgor FEAT g
s = A7 ST Ao wddd. o o
de #2E JA AF AvHE 1Ee TS
7] wge BRAL TSR e wEYe B
go] Ha¥ Aoz Judy. a2y FoeE F
77 &S dpgo] Folue g Fig8(b)
oA Fig.8(c)7H] #3% = dnt. A sHierel
P99 HFo] e ojf2 EHHe Howm
frekol atiE SUMBE FHste] sae ol ¥

olx]7] W Eo g wadteh FupE o8& FrHA7]
H Pyol gEue Ao FRANREY 3 EH &}
o on, P, P9 Pol ¢tHEAE u
A FHsd FAIg Figd(d)E HH o 371101
A2 Z o A7t

. theoretical,
€ : Re=2000, ®; 0 :Re=2500, pressure;velocity)

¢, C . Re=500, ¥,V :Re=1000,

A SdEAeE AN F i, FHEHAE
ofgh wrde] gl 2F JgE dAsA &0
& o yiddrt. ajeg dadye] f%3
ol oz FYHE Aofsted vAYFEY UE
5 Afdle AFgdriite nras 4
HolA EHE FHste] Alojats Alo] bgE
el Al =g ¢ g Hor dddEg
5. 2 &

1) Z4&5rt S7hgel we} shsdapA o] St

go] AATY} o= AR nFutg o olaw
2 E7bge] WA A¥Hen Sty A k
M= s DA



570 wAE - 2oFg

S S ‘l’* '.;f_'.' A0 SASRS LERAS SARES G 7\ .y _l_ -

T

/|

i

N
ST
N

P

P

Fig.8 Wave form of pulsating flow(f=2Hz)

G} g Eate] g2 ekt
2) HolEzs7t UAY o FAE AFA5A
E Eugel wel gekshs v nFake] 9
A FHee weh o= AU FEol o=
A5 F7kaTE 348 Zakstn, Sne 4Rl
N ARG delold o 2 g Holtht sRa
243 n7as °g°u gtol @A o Ak
3) Holszsrt Z7hael weh ARoA 48
st sFel DY dale kel
g0 13l Hopls

z8 rle

[k

Ho
ok

z

1. Paul A. Tipler, 1991, “Physics for Scientists
and Engineers, 3rd ed.”, Worth Publishers,
pp.288~324.

2. Obhmi M. and

Velocity Distributions in a Pulsating Turbu-
lent Pipe Flow”, Bulletin of JSME, Voal.19,
No.129, pp.307~323.

. Atabek H. B. and Chang C. C. 1961, “Oscil-

lating Flow near the entry of Circular
Tube”, Aeitschrift fiir angewandte Mathe-
matik und Physik, Vol.12, pp.185.

. Hale J. F., McDonald D. A. and Wormersley

J. R. 1955, “Velocity Profile of Oscillating
Arterial Flow with some Calculations of Vis-
cous Drag and Reynolds number”, J. of
Physilogy, Vol.128, pp.629.

. Florio P. J. Jr. and Mueller W. K., 1968,

“Development of a Periodic Flow in a Rigid
Tube”, ASME, No.68-FE-8.

. D'Souza A. F. and Oldenberger R. 1964,

Lines”, ASME,



pp-589~198.

. Creyszig, E. 1988, “Advanced Engineering
Mathematics, 7th ed.”, John Wiley & Sons,
pp.227 ~288.

. Halliday D. and Resnick R. 1987, “Funda-
mentals of Physics, 2nd ed. extended”, John
Wiley & Sons, pp.454~485.

9.

10.

FHNERE] Swo) Qe

3z o71

M

Spiegal M. R. 1992, “Schaum’s Outline Se-
ries Fourier Analysis”, McGraw Hill, pp.106
~112.

Nosova L. N.(translated by Prasenjit Basu),
1961, “Tabless of Thomson Functions and

Their First Derivatives”, Pegamond Press.





