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  This paper presents the studies aimed to predict a flow pattern at the bottom of the outer pipe in

a concentric double pipe. Author find that the formation of the vortex ring are closely related to the

geometrical feature of the flow path and Reynolds number R,. If the ratio of clearance length L/di

(the ratio of clearance length, which is the distance between the outlet of the annulus and the bottom

of the outer pipe, to the inner pipe diameter) and Rb increased up to be Lldi-O.500 and to be Re-200,

respectively, the vortex ring appear at the bottom of the outer pipe.

1. Introdnction

  The turning flow into an inner pipe from annulus in

a concentric double pipe is very complicated. This

kind of flow can be very often found in engineering

designs as bayonet heat exchanger. Hence, it is very

important to know flow patterns in the turning-flow

region. In the existing reporti), the Navier-Stokes

equation describing the laminar flow field in a concen-

tric double pipe was solved numerically by the finite

difference relaxation method. It'> was reported flow

patterns in the turning flow into the annulus from the

inner pipe in a concentric pipe

  This report deals with a fluid flow issuing from

annulus and turning back into an inner pipe of a

concentric double pipe. The flow pattern at the bot-

tom of the outer pipe in a concentric double pipe was

studied for laminar flow. The distance from the out-

let of the annulus to the inlet of the inner one was 2･v3

di. The influence of the ratio of the clearance length

Lr (Lr is the ratio of the distance between the inlet of

the inner pipe and the bottom of the outer one, to the

inner pipe diameter) upon the flow through the concen-

tric double pipe was investigated. The computations

were made under the conditions from L,=O.25 to 1.00.

The ratio of the cross-sectional area Ar (Ar is the ratio

of the area of the annulus to that of the inner pipe)

were chosen to be equal to O.480. The Reynolds num-

ber Re (Re=vinlv, where vi is the representative veloc-

ity, ny is the representative length and v is the

' Course of Mathematics and Inforrnation Sciences, College

 of Integrated Arts and Sciences.

kinematic viscosity) was taken to be less than or equal

to 1000. If a fluid starts flowing with a uniform veloc-

ity distribution at the distance of 2e-3 di before the

outlet of the annulus, the occurrence of separations and

vortexes can be observed by mean of the graphics of

velocity vector and stream function.

2. FundamentalEquations

  The concentric double pipe having a circular section

is illustrated in Fig. 1. The ratio of the clearance

length (L.=L/d}) is defined L between the inlet of the

inner pipe and the bottom of the outer one, to the inner

pipe diameter. Assume that the flow is steady, laminar

and two-dimensional, and the fluid is incompressible,
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and the body force is negligible. The symbols z z, z4

v, w and V are expressed non-dimensional, the repre-

sentative length and velocity being the inner pipe

radius A and the mean velocity in the section of the

inner pipe ui. P denotes the non-dimensional pressure

divided by p u2, where p denotes the fluid density.

  The fundamental for the problem are the Navier-

Stokes equations

     v OV +u Ov =- QP + 1

       Or Oz Or Re

      (g2.¥+.a,v.+g2,;- f,) (,)

     v au +u-gLt ..- ap + 1

       or a2 a2 Re

      (g2.¥'.ae".'g,2:) (2)

as expressed for in cylindrical coordinates r and z, and

the equation of continuity

      eu+a (.)=o (3)
      az           rar

  Navier-Stokes equation (1) and (2) can be formed by

mean of the stream function V and vorticity w by

eliminating the pressure term. It can be written as,

     r2(' 8. 9 gdi,'8z 9 gdir)=

      R, ( 8z (r3 82 ? )' 8r

      (r3 ,a. 7)) (4)

  By using the stream function th, vorticity w expres-

sed as follow,

     -=-;(a,2,¥'aa2.g-9a'",) (5'

  The r and 2 components of the velocity can be

written as by

         eth ath     V= ra2 U= rar (6)
  By using Eq. (6), the vorticity a) can be expressed as

     w- } ( O,," + gl ) (7)

  In these equation, u and v denote the velocity compo-

nents along the z and r coordinates.

  The values of th and tulr') can be obtained by

changing Eqs. (4) and (5) to a finite difference form

which issolved by the iterative relaxation method over

mesh points covering the flow field.

  The velocity components, u and v, are derived from

Eqs. (8) and the velocity is derived from the formula,

v= Vi7"T+T-iF2. The symbols th, r with the subscripts

denote the values on the infinitesimal area, NWSE,

shown in Fig 1.

     .=-(leN-leb)lr(7N-ag) ) (s)

     v=(ifrii-iew)lr (ng-ihr) J

  The calculation is repeated until the function, di,

meets the convergent condition shown in the following

formula:

     maxldin- di (n-Olldin<o.oos (g)

2.1 Boundary conditi'on

  A general boundary condition on the fixed wall

surface is described. Assume that a stream on the

fixed wall surface does not slide. Here, the vorticity

wi in the n direction perpendicular to the wall surface

shown in Fig. 2 is given by the following equation.

     at)i=-3 (IPiz-V'i )1 71 A n2- (v2/2 (10)

      3. Computed Results and Discussion

  The computation were made for various values of Re

in the range from 30 to 1000 and for various values of

Lldi.in the range from O.125 to 1.00, and under the



 o-
-O. 05

-O.1N
--O

,･

.i,5-f
i

-O. 24

Flow Simulation fon a tuning .f7ow

s. " rO.O

tnto an inner Pipe .from annultesi

tu :t･

o.o-

-4. 0

-4.0.
o. o;

4.0

B Br"=-O.24
/

o=-4.0N
c c,e=O.O

di -o. o

113

S.

+ne--+-.+-+-------.+-----------------------+-+'--+VL-'-L'.-'J':"'A'
+----J---+ff+---+----+---"----F----"-------------"' H=-'NL''S' M'"'j-'-i

4-?-:tt･Lk'N' NXZ'B::::r:z:z::::::=.`;:::::::::;:B':J,lii)l'l;i1.::

::::::r-'-'-'-'L'-'-'"+++"'--""'"""t'-'-"-------'i'/i'g"･:1L4i
+---------+'-------"------+'------+-+Lt-"r' .-ti"i.l+SLaA
-----+-+L+L--+----+-"-r-+.+.-.---+'+"+"+---'+"+"viL+-"x' x' -'' iil+S-4i

--------+--'----+"-----+-+'----+-----------i-"v"ny' tt-/' itTNLeJ
+----+`--+---------+r+.-------'----+"-""---L+-i-"fr' iSthL-4'
+L-------+---+---.--.-e+------------+----+-----------.""-.-tt-i1t4F-l

"-m----.--+--+L-------L----+r-------.-'--+-------++'.-"----...'i.+/S-V,i
e"----------------------+m----pm----.----F.

+.+-- +-+.-+--------------.--+.-----+"---+.----+-----N-T--tLtv)L

+----+---ntV.-.-----pt---------+---++----,StsL.----------v-T--v-',"'.N,'-'1---.--.-ff--------H---L.-.+.--+-+.+U-----til-`--------------------+------t---"-s"..t.'N.t/t+-+L-.+-t-SShM-..-.N-.-･.N,4lt41-----++--+-----.---H---M-.+-+.---"+.--+--.--------+------+---------N+--..".t.''.X.iL-,t"NSL{ti-..I:]1-+.:'--::::+-"::::I."[:+-=::::'--::.-.-..v.N"."t":';;-.s---"----i"hg--L-.....--+F--s4kT.s.-E.h,tttl4FFtpepe"kt.t."vF----F-----F------++s,.s-.lt11,t,tY4eitt

sl1,t1.S.t4."tt
.-"'/i'.tt-.t+------+---------F----.------t.+----.----+-----H+---.--li--"J
-+.-r.-"-+--+-+---.-----------------.J-J-.--.-..-.+----H-+---.--."----4-.).7--

S.

Fig.

ip =

-O. 05

-O. 1N
-O. 15 'i

    l-O. 2

-e. 24

a)=
o.o --

3 (a) fo) Stream line contours and vorticity contours

(Ar=O･480 Lldi---O.250 Re=1000)

(a): upper (b): lower

               ip -' O. O15

   o.o

   O.O -N

  O.s7
  4.0
  Fig. 4 (a) (b) Stream line contours and vorticity contours

           (Ar=O･480 Lldi=1.00 Re=1000)
           (a): upper (b): lower

condition Ar =O.48.

  Figures 3 (a) and (b) show the computed results for

the case of L/di=O.250, and Figs. 4 (a) and (b) show the

computed results for the case of Ll di -- 1.00. The flow

from the annulus outlet into the inner pipe separates

from the upstream corner of the inlet of the inner pipe,

as shown in Figs. 3 (a) and 4 (a). But it reattaches

itself at a point on the wall BB' just downstream from

the point B'. One side, the flow from the annulus to

the bottom of the outer pipe separates from the down-

stream of the outlet of the annulus, namely, the point

op. The magnitude of the vorticity w increase sub-

stantially near the point C', as shown in Figs 3 (b) and

4 (b). Its aspect of variation in these is cornplex and

abrupt. One side, the magnitude of the vorticity bl
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Fig. 5 Velocity vectors
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        Fig. 6 Velocity vectors
              (Ar=O･480 Lldi= O･625 Re =1000)

increases near the point vo, as shown in Fig. 4 (b).

  Figures 5 and 6 show the the computed results for

the case of the Lldi--O.50 and L/dl= O.625, respec-

tively. Figures 5 and 6 indicated by graphing the

velocity vector, respectively. The flow from the an-

nulus outlet into the inner pipe separates from the

upstream corner of the inlet of the inner pipe, as shown

in Figs.5 and 6. The flow' from the annulus to the

bottom of the outer pipe separates from downstream

of the outlet of the annulus, namely, points sp. There-

fore, the vortex appears at the bottom of the outer

pipe, as shown in Figs 5 and 6.

                 4. Conclusion

  In order to examine the pattern of a fluid flow

issuing from annulus and turning back into an inner

pipe of a concentric double pipe, the two dimensional

laminar flow fields of a concentric double pipe were

investigated by numerical calculation.
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  The results obtained can be summarized as follows

  1) A fluid flow is symmetrical flow for the clearance

length ratio up to Lldi '}O.375.

  2) The vortex ring appear at the outlet of the outer

pipe when L/di and R. increase up to be L/di --O.50 and

Re=300, respectively.

  3) It was made clear that distance from separation at

the upstream

reattachment

corner of the inlet of the

is about 2.5 di.
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