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An object Is to prevent thermal fatigue, resulting from variations In temperature interfaces, of piping having a fluid-mixing region
where fluids of different temperatures are mixed. Piping 1 having a fluid-mixing region M Iincludes a reducer 5 including an enad
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(57) Abrege(suite)/Abstract(continued):
portion Se disposed substantially on a central axis of a main pipe 2. Low-temperature water flows through the reducer 5 at a lower

velocity than high-temperature water flowing outside the end portion 5e. The low-temperature water and the high-temperature
water have different temperatures. The low-temperature water and the high-temperature water are mixed in the fluid-mixing region
M downstream of the reducer S. The reducer 5 has a weld line 5f formed to connect the end portion 5e and an elbow portion 5d
together. The distance between the weld line 5f and a downstream end 5a Is equal to or larger than the inner diameter D of the

main pipe 2.
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ABSTRACT

An object 1is to prevent thermal fatigue, resulting from

F

variations in temperature 1interfaces, of plping having a

fluid-mixing region where flulids of different temperatures are

mixed. Pilping 1 having a fluid-mixing region M includes a

reducer 5 i1ncluding an end portion 5e disposed substantially

on a central axis of a main pipe 2. Low-temperature water

flows through the reducer 5 at a lower velocity than high-

temperature water flowing outside the end portion Se. The
low—-temperature water and the high-temperature water have

different temperatures. The low—-temperature water and the

high-temperature water are mixed 1in the fluild-mixing region M

downstream of the reducer 5. The reducer 5 has a weld line 5f

formed to connect the end portion 5e and an elbow portion 5d

together. The distance between the weld line 5f and a

downstream end 5a 1s equal to or larger than the inner

diameter D of the main pilpe Z.



mixing region where fluids of di:

10001 ]
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DESCRIPTION

PIPING HAVING FLUID-MIXING REGION

Technical Field

The present invention relates to piping that has a fluid-

P

ferent temperatures are mixed

and that 1s suitable for use 1n, for example, nuclear power

plant

S .

[0002]

Background Art

Much piping through which high-temperature water and low-

temperature water flow 1s provided 1n plants such as nuclear

power plants and thermal power plants. Such piping includes a

branch pipe perpendicularly connected to a main pipe and has a

fluild-mixing region where low-temperature water flowing

through the branch pipe joins high-temperature water flowing

)

through the main pipe (of course, a configuration 1n which

low—-tempersa

Ture water

LR

flows through the main pilpe and high-

temperature water flows through the branch pipe 1s also

possible) .

face 1s

inter;

‘n the fluld-mixing region, a temperature

_

formed between the high-temperature water and the

-

low-temperature water. This temperature interface varies in
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position (temperature fluctuation), thus causing the problem

that the metal constituting the plpling experiences thermal

fatigue. To avoid the thermal fatigue, the high-temperature

water and the low-temperature water must be guickly mixed.

10003 ]

()

Patent Document 1 discloses a technique for facilitating

Jiy.

the mixing of high-temperature water flowing through a main

F
p—

pipe and low-temperature water flowing out of a reducer

p—

through a branch pipe by fixing an upstream end of the reducer

to an 1nner circumferentlal wall of the branch pipe and

P

positioning a downstream end of the reducer, having a reduced

ﬁ

inner diameter, on the central axis of the main pipe.

Also disclosed 1s a technique for further facilitating

the mixing of the fluids by providing guide vanes on the

reducer disposed inside the maln pipe to apply a swirling

force to the fluid flowing through the main pipe.

(0004 ]

Patent Document 1: Japanese Unexamlined Patent

Application, Publication No. 2005-16686 (Figs. 10, 13, and 14)

'

Disclosure of Invention

10005]

Although the technique described in Patent Document 1

ﬁ
—

facilitates the mixing of fluids, it is difficult to

completely prevent variations in temperature interfaces
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occurring at various sites of the piping. A measure has

therefore been demanded to further reduce thermal fatigue

resulting from variations in temperature 1nterfaces.

[00006]

w——

An object of the present invention, which has been made

in light of the above circumstances, is to prevent thermal

fatigue, resulting from variations in temperature interfaces,

P
p—

of piping having a fluid-mixing region where fluids of

different temperatures are mixed.

10007

F

To solve the above problem, piping of the present

invention having a fluld-mixing region employs the following

solutions.

That 1s, plping having a fluid-mlxing region according to

the present invention includes a first pipe and an 1nner pipe

including an end portion disposed 1n the first pipe

F

substantially on a central axis of the first pipe. An inner

fluid flows through the inner pipe at a lower velocity than an

outer fluid flowing outside the end portion. The inner and

P' F
P—

ulds have different temperatures. The inner and outer

outer

flulds are mixed 1in the fluid-mixing region downstream of the

inner pipe. The inner pipe has a weld formed to connect the

enddportion and a downstream portion together. The distance

between the weld and a downstream end of the end portion is

p—

eqgual to or larger than the inner diameter of the first pipe.
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10008 ]

Because the inner fluid flowing through the inner pipe

P-
—

has a lower velocity than the outer fluid, the outer fluid

flows back into the i1nner pipe. the outer fluid flowing

il

back into the inner pipe reaches the vicinity of the weld of

the inner pipe, it causes temperature fluctuations due to

temperature variations at the weld, thus leading to thermal

fatigue. This results in a decreased lifetime because the

weld has a lower fatigue strength than the unwelded portion

P

where no welding is made and thus easlily suffers breakage.

In the present invention, the distance between the weld

r—

and the downstream end of the end portion of the Ilnner pipe 1is

equal to or larger than the inner diameter of the first pilpe.

This prevents the backflow of the outer fluid from reaching

ﬁ

the vicinity of the weld and thus prevents breakage due to

thermal fatigue at the weld.

[0009]

b

Other piping of the present invention having a fluid-

mixlng region 1ncludes a first plpe and an lnner pipe

including an end portion disposed in the first pipe

substantially on a central axis of the first pipe. An 1lnner

fluid flows through the 1nner pipe at a lower velocity than an

outer fluid flowing outside the end portion. The i1inner and

#
p—

erent temperatures. The inner and outer

outer fluids have di:

fluids are mixed 1n the fluid-mixing region downstream of the
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inner pipe. A small-diameter portion 1s provided at a

gr—

downstream end of the end portion of the inner pipe and has a

p—

smaller inner diameter than the upstream side thereof.

0010 ]

The small-diliameter portion, provided at the downstream

P

end of the end portion of the inner pipe, further accelerates

the i1nner fluid flowing through the inner pipe. This prevents

the outer fluid from flowing back into the inner pipe.

e

To facilitate the mixing of the fluids, additionally,

swirling part may be provided upstream of the downstream end

—

of the 1nner pipe to apply a swirling force to the outer fluid

apbout the central axis.

(0011]

o

Other piping of the present invention having a fluid-

milxing region includes a first pipe and an inner pipe

including an end portion dilisposed in the first pipe

substantially on a central axis of the first pipe. An inner

fluid flows through the inner pipe and has a temperature

an

different from that of an outer fluid flowing outside the end

portion. The inner and outer fluids are mixed in the fluid-

(=

mixing region downstream of the inner pipe. An inner cylinder

1s disposed in the i1nner pipe and has a downstream end

gr—

positioned downstream of a downstream end of the inner pipe,

1)

and a gap 1s formed between the inner cylinder and an inner

P

wall of the 1nner pipe.
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[0012]

The inner cylinder 1is disposed 1n the inner plpe wlith the

formed between the i1nner wall of the inner pipe and the

gap

inner cylinder. As a result, the inner fluid is split into a

flow between the outside of the inner cylinder and

peripheral

the inside of the inner pipe and a central flow through the

inside of the i1nner cylinder.

from the central flow, forms a

The peripheral flow, split

facilitates the mixing with the outer fluid.

thin layer which

The central flow, split from the peripheral flow, emerges

end of the inner cylinder and forms a flow

from the downstream

having a small cross-sectional area (i1.e., a narrow flow)

which facilitates the mixing with the outer fluid.

In addition, the downstream end of the inner cylinder 1is

disposed downstream of the downstream end of the inner pipe,

first, mixing

so that the mixing 1s performed 1n two steps:

the peripheral flow with the outer fluid, and second, mixing

the central flow with the outer fluid. This further

facilitates the mixing with the outer fluid.

10013]

Preferably, the above piping further includes swirling

F

fixed between the inner circumferential wall of the inner

part

cial wall of the inner cylinder

pipe and an outer circumferen

fluid about the central axis.

to apply a swirling force to the

10014 ]
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The swirling part applies a swirling force to the

peripheral portion of the inner fluid flowing between the

outside of the inner cylinder and the inside of the inner

pipe. This facilitates the mixing with the outer fluid.

n addition, the 1nner cylinder can reliably be supported

pbecause the swirling part 1s provided between the inner

iy

circumferential wall of the inner pipe and the outer

circumferential wall of the inner cylinder so as to hold the

inner cylilinder.

[0015]

Other piping of the present invention having a fluid-

mixing region includes a first pipe and an inner pipe

including an end portion disposed in the first pipe

subStantially on a central axis of the first pipe. An inner

fluid flows through the inner pipe and has a temperature

different from that of an outer fluid flowing outside the end

portion. The inner and outer fluids are mixed in the fluid-

P

mixing region downstream of the inner pipe. The first pipe

includes a bent portion, and the inner pipe extends downstream

P

of the bent portion.

[0016]

If the bent portion is formed in the first pipe and the

region where the inner and outer fluids are mixed is

F

positioned upstream of the bent portion, the fluid that has

not yet been sufficiently mixed may collide with the bent
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portion. In that case, the bent

portion would experience

temperature fluctuations which could cause thermal stress or

thermal fatigue.

P

In the present i1invention, therefore, the inner pipe

extends downstream of the bent portion, and the fluld-mixing

region 1s provided downstream of the bent portion. This

prevents thermal fatigue at the

[0017]

bent portion.

Preferably, the above piping having the fluld-mixing

region further includes swirling part fixed between an inner

g

circumferential wall of the first pipe and an outer

circumferential wall of the inner pipe to apply a swirling

10018]

force to the fluid about the central axis.

The swirling part can apply a swirling force to the outer

inside of the first pipe. This

P

fluid flowing between the outside of the inner pipe and the

tfacilitates the mixing.

In addition, the 1nner pipe extends downstream of the

)

bent portion; this may be disadvantageous in terms of the

rigidity with which the inner pipe is supported. In the

present 1nvention, however, the

rigidity with which the inner

plpe 1s supported can be enhanced because the swirling part is

provided between the inner circumferential wall of the first

i

plpe and the outer circumferential wall of the inner pipe so

as to hold the inner pipe.
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[0019]

Other piping of the present invention having a fluid-

mixing region includes a first pipe and an inner pipe

including an end portion disposed in the first pipe

Jr—

substantially on a central axis of the first pipe. An 1nner

fluid flows through the inner pipe at a lower veloclty than an

outer fluid flowing outside the end portion. The inner and

gpr—

outer fluids have different temperatures. The inner and outer

fluids are mixed in the fluid-mixing region downstream of the

inner pipe. The first pipe includes a wide portion having an

increased inner diameter in the fluid-mixing region.

[0020]

r-l—

The wide portion of the first pipe decreases the velocity

of the outer fluid flowing through the first pipe to reduce

b

ference between the outer fluid and the 1nner

the velocity di:

fluid, which has a lower velocity, thus lowering confluence

resistance.

[0021]

P

The piping of the present invention having the fluid-

mixing region further includes swirling part provided in the

pre——

wide portion of the first pipe to apply a swirling force to

the outer fluid.
(0022 ]

The swirling part provided in the wide portion applies a

swirling force to the outer fluid to facilitate the mixing
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with the 1nner fluid.

[0023]

Other pipling of the present invention having a fluid-

mixing region i1ncludes a first pipe and an inner pipe

including an end portion disposed in the first pipe

substantially on a central axis of the first pipe. An inner

fluid flows through the 1nner pipe at a higher velocity than

an outer fluld flowing outside the end portion. The inner and

ﬁ
—

ferent temperatures. The 1nner and outer

outer fluids have di:

fluids are mixed 1n the fluid-mixing region downstream of the

inner pipe. A wilide pilipe whose inner diliameter increases

P

gradually downstream 1s provided at an end of the inner pipe.

(0024 ]

.

The wide pipe 1s provided at the end of the inner pipe to

P

decrease the velocity of the inner fluid. This reduces the

velocity difference between the inner fluid and the outer

fluid, which has a lower velocity, thus lowering confluence

resistance.

[0025]

In each of the piping having the fluid-mixing region

described above, the inner pipe has intake part for taking in

part of the unmixed fluid before the fluid reaches the fluid-

mixing reglion.,

[0026]

The inner pipe has the inlet for taking in part of the



CA 02617340 2008-01-30

11

fluid (for example, the outer fluid or a fluid flowing from

o~

the upstream side of the first pipe) before the fluld reaches

the fluid-mixing region. The unmixed fluid flowing into the

inner pilpe through the intake part 1s mixed with the inner

fluid flowing through the inner pipe. The fluid thus mixed

flows out of the end of the inner pipe and 1s mixed again with

the outer fluid in the fluid-mixing region. This enables two-

step mixing, thus reducing confluence resistance.

The intake part used 1s, for example, an opening formed

pr—

in the wall of the inner pipe or a bypass pipe joined to the

wall of the inner pipe so as to face the upstream side.

10027 ]

[ —

Fach of the piping having the fluid-mixing region

described above further 1ncludes a second pipe joined to the

outer wall of the first pipe to guide the inner fluid, and an

——

g

upstream end of the 1inner plpe 1s fixed to an i1nner

circumferential wall of the second pipe.

10028 ]

The fluid flowling through the second pipe enters the

inner pipe, which guildes the fluid and allows 1t to be mixed

with the outer fluid flowing through the first pilpe.

In addition, the inner diameter of the inner pipe, Jjoined

to the 1nner circumferential wall of the second pipe, 1is

—

smaller than that of the second pipe. The inner pipe thus

functions as a reducer.
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0029]

Alternatively, each of the piping having the fluid-mixing

region

of the

end of

wall O

[

T

pipe,

further includes a second pipe joined to the outer wall

first pipe to guide the outer fluid, and the upstream
the inner pipe is fixed to the 1nner circumferential
f the first pipe.

0030]

he fluid flowing through the first pipe enters the inner

which guides the fluid and allows 1t to Dbe mixed with

the outer fluid flowing from the second pipe into the first

plpe.

F

In addition, the inner diameter of the inner pipe, Jolned

to the inner circumferential wall of the first pipe, 1s

F

smaller than that of the first pipe. The inner pipe thus

functi

[

The distance between the weld and the downstream end oL

ons as a reducer.

0031]

)

the inner pipe can be appropriately determined so as not tO

cause

temperature variations near the weld, thus preventlng

thermal fatigue at the weld, where the fatigue strength 1S

low.

n addition, the small-diameter portion can be provided

at the downstream end of the inner pipe to facilitate the

g

mixing of the fluids, thus reducing temperature variations and

preventing thermal fatilgue.



CA 02617340 2008-01-30

13

In addition, the inner cylinder can be provided at the

end of the inner pipe to facilitate the mixing of the

thus reducing temperature variations and preventing

fatigue.

In addition, the inner pipe can be provided 1in

plpe including the bent portion so as to extend dow

fluids,

thermal

the first

“

nstream oOT

the bent portion, with the fluid-mixing region formed

downstream of the bent portion, thus preventing therma.

fatigue at the bent portion.

In addition, the wide portion can be provided

position of

to reduce the velocity di:

fluids, thus lowering confluence resistance. This

the mixing of

1.

prevent thermal fatigue.

If the inner fluid has a higher velocity than

pp—

fluid, the wide pipe can be provided at the end of

plpe to decrease the velocity of

iy

at the

- the first pipe corresponding to the mixing region

"ference between the inner and outer

facilitates

- the fluids and reduces temperature variations to

Lhe outer

the inner

- the inner fluld and reduce

the velocity difference between the inner and outer fluids,

thus lowering confluence resistance. This

——r

mixing of the fluids and reduces temperature varia

prevent thermal fatigue.

In addition, the intake part for taking in pa

unmixed

facilitates the

tions to

—

rt of the

‘luid before the fluid reaches the fluid-mixing region

can pe provided 1n the inner pipe to perform the mixing of the



CA 02617340 2008-01-30

14

inner and outer fluilds 1n two steps, thus lowering con:

P

resistance. This facilitates the mixing of the fluilds

- luence

and

reduces temperature variations to prevent thermal fatigue.

1)

I

Brief Description of Drawings
[0032]

[FIG. 1] Fig. 1 is a longitudinal sectional view

a first embodiment of the present invention.

g— pr—

[FIG. 2] Fig. 2 shows an effect of the present

showlng

invention: (a) 1s a graph showing a dimensionless temperature

varlation range 1n a reducer; and (b) 1s a graph showing

Ve

parameters of the dimensionless temperature variation range.

[FIG. 3] Fig. 3 1s a longiltudinal sectional view showing
a second embodiment of the present invention.

[FIG. 4] Fig. 4 1s a longitudinal sectional view showing
a modification of Fig. 3.

[FIG. 5] Fig. 5 1s a longitudinal sectional view showing
a third embodiment of the present invention.

[FIG. 6] Fig. 6 1s a longitudinal sectional view showing
a modification of Fig. 5.

(FIG. 7/} (a) 1in Fig. 7 1s a longitudinal sectional view

showing a fourth embodiment of the present invention; and (b)

in Fig. 7(b) 1s a longitudinal sectional view showing a

reference example.

[FIG. 8] Fig. 8 1s a longitudinal sectional view

showlng
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—
—

a modification of (a) in Fig. /.

[FIG. 9] Fig. 9 is a longitudinal sectional view showing

a modification of each embodiment.

([FIG. 10] Fig. 10 is a longitudinal sectional vlew

'l

showing a fifth embodiment of the present invention.

[FIG. 11] Fig. 11 is a longitudinal sectional view

gir——

showing a modification of Fig. 10.

[FIG. 12] Fig. 12 is a longitudinal sectional view

g

showing a modification of Fig. 10.

[FIG. 13] Fig. 13 shows a modification of Fig. 10: (a)

is a longitudinal sectional view; and (b) 1s a transverse

sectional view of a wide portion.

[FIG. 14] Fig. 14 is a longitudinal sectional view

Jr—

showing a sixth embodiment of the present invention.

[FIG. 15] Fig. 15 is a longitudinal sectional view

p—

showing a seventh embodiment of the present invention.

Explanation of Reference Signs:

[0033]
1: piping
2: main pilipe (first pipe)

2a: bent portion

2b: wide portion

2c: large-~diameter pipe (wide portion)
3: branch pilpe (second pipe€e)

5: reducer (i1nner pipe)
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5a: downstream end
5e: end portion

5f: weld line (weld)

5g: small-diameter portion

3, 12, 1l4: swirling vane (swirling part)

10: dinner cylinder
20: stator vane
22: wide pipe

24: bypass pipe (intake part)

M: fluid-mixing region

Best Mode for Carrying Out the Invention

(0034 ]

e

Fmbodiments of the present invention will now be

described with reference to the drawings.

First Embodiment

A first embodiment of the present invention will now be

described with reference to Fig. 1.

Fig. 1 shows piping 1 having a fluld-mixing region M.

The piping 1 includes a main pipe (first pipe) 2 and a

branch pipe (second pipe) 3.

B

The main pipe 2 has an inner diameter D and is formed of

metal. In Fig. 1, high-temperature water (high-temperature

fluid) flows from bottom to top.

[0035]
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The branch pipe 3 1is connected to an outer wall of the

'

main pipe 2 perpendicularly. The branch pilpe 3 1s formed of

metal, and low-temperature water (low-temperature fluid)

having a lower temperature than the high-temperature water

flowing through the main pipe 2 flows through the branch pipe

3. In Fig. 1, the low-temperature water flows from right to

left in the branch pipe 3, passes through a reducer (inner

pipe) 5, and flows into the maln pipe 2 through a downstream

F

end ba of the reducer 5.

An upstream end b5b of the reducer 5 1s fixed to an 1nner

wall of the branch pipe 3. The reducer 5 includes a funnel-

like portion 5c whose 1nner diameter decreases gradually from

the upstream end 5b toward the downstream side, an elbow

portion 5d connected to the funnel-like portion 5c and bent

perpendicularly, and an end portion 5Se connected to the elbow

portion 5d and extending linearly to the downstream end 5a.

The end portion be and the elbow portion (downstream

portion) 5d are connected together by welding and have a weld

line (weld) 5f formed at their joint.

'
—

The length from the downstream end 5a of the end portion

5e to the weld line 5f is egqual to or larger than the inner

diameter D of the main pipe 2. In addition, the inner

diameter of the end portion be 1s 0.3 to 0.7 times the inner

diameter D of the main pipe 2.

[0036]
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A concave portion 6 is provided between the inner wall of

the branch pipe 3 and the outer wall of the reducer 5. This

concave portion 6 forms a stagnation region T at the joint

between the main pipe 2 and the branch pipe 3. The high-

temperature water in the mailn pipe 2 stagnates in the
stagnation region T, where 1t prevents a supply of new high-
temperature water. In addition, the high-temperature water
retained 1n that region T radiates heat toward the low-
temperature watexr. Thus, a thermal sleeve is formed to reduce
temperature variations.

[0037]

In the piping 1 thus configured, the high-temperature

water flows through the main pipe 2 from bottom to top while
the low-temperature water flows through the branch pipe 3 from
right to left. The high-temperature water flowing through the
main pipe 2 has a higher velocity than the low-temperature
water flowing through the branch pipe 3.

The high temperature water flowing through the main pipe

2 flows upward along the periphery of the reducer 5. Some of
the high-temperature water is retained in the stagnation
region T formed at the joint between the main pipe 2 and the

branch pipe 3.

[0038]

The low-temperature water flowing through the branch pipe

3 enters the funnel-like portion 5c¢ through the upstream end
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5b of the reducer 5. The funnel-like portion 5c¢,

whose 1nner

diameter decreases gradually, accelerates the low-temperature

water. The elbow portion 5d bends the flow direction of the

low-temperature water passing through the funnel-like portion

5c at a right angle before it flows to the end portion Se.

The low-temperature water then flows out of the downstream end

5a of the end portion b5Se.

The low-temperature water flowing out of the downstream

end 5a 1s mixed with the high-temperature water

flowing along

the periphery of the reducer 5 1n the mixing region M.

[0039]

F

Because the low—-temperature water has a lower velocity at

the downstream end 5a of the reducer 5 than the high—

temperature water does at the same position, the high-

velocity, high-temperature water flows from the downstream end

o5a of the reducer 5 back to the upstream side, as shown by

arrows A in Fig. 1. Hence, some high~-temperature water flows

back i1nto the reducer 5, thus causing temperature fluctuations

due to temperature variations in the end portion be of the

reducer 5. In this embodiment, however, the high-temperature

r—

fluid does not reach the weld line 5f because the length from

the downstream end 5a of the reducer 5 to the weld line 5hf is

equal to or larger than the inner diameter D of

the main pipe

2. Therefore, no temperature 1nterface with positional

-

variations 1is formed near the weld line 5f, where the fatigue
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strength i1s lower than in the unwelded portion where no

welding 1s made. This prevents breakage due to thermal fatigue
at the weld line 5f.

[0040]

Fig. 2 1llustrates experimental results showing the

effect of this embodiment.

The velocity ratio (Ub/Um) of the wvelocity Ub of the low-

temperature water flowing through the branch pipe 3 to the

velocity Um of the high-temperature water flowing through the
main pipe 2 1s 0.05 or less.
The velocity Um of the high-temperature water refers to

the velocity upstream of the joint with the branch pipe 3, and

the velocity Ub of the low-temperature water refers to the
velocity before entry into the reducer 5. At the downstream
end S5a of the reducer 5, therefore, the individual velocities
have been 1ncreased as a result of decreased flow channel
areas. This, however, does not change the relationship that

the velocity Um of the high-temperature water is higher than

the velocity Ub of the low-temperature water at the downstream
end 5a of the reducer 5. In this experiment, the velocity
ratio at the downstream end 5a of the reducer 5 is about 0.1.
[0041]
(a) 1n Fig. 2 shows dimensionless temperature variation
ranges T* at positions inside the reducer 5 separated upstream

from the downstream end 5a of the reducer 5 by predetermined
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The dimensionless temperature variation range T* 1S

defined by the followlng equation:

T* = (T-Tb)/ (Tm-Tb)

where T 1s fluid temperature, Tm i1s the temperature of the

high—-temperature water flowing through the main pipe 2, and Tb

15 the temperature of the low-temperature water flowing

through the branch pipe 3.

(b) in Fi1g. 2 shows the relationship between varying

P

fluid temperatures T and the velocities Tm and Tb of the high-

temperature water and the low-temperature water.

' The graph on the left of (a) in Fig. 2 shows the

dimensionless temperature variation range T* at a

circumferential position O of the end portion 5e of the

reducer 5. This graph reveals that the dimensionless

temperature variation range T* is 0.8 at the downstream end 5a

p— o

of the reducer 5 (L/D = 0) irrespective of the circumferential

position 8. The dimensionless temperature variation range T¥*

1s 0.5 at a position separated upstream from the downstream

i pr—

end oa of the reducer 5 by half the inner diameter D of the

main pipe 2 (L/D = 0.5) irrespective of the circumferential

position 8. The dimensionless temperature variation range T*

1s 0 at a position further separated upstream from the

prve

downstream end 5a of the reducer 5, namely, by the inner

diameter D of the main pipe 2 (L/D = 1), irrespective of the
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circumferential position 0. This demonstrates that no

temperature variations are found at positions separated

P

upstream from the downstream end >a of the reducer 5 by more

than the inner diameter D of the mailin pilpe 2. Hence, 1f the

length from the downstream end 5a of the reducer 5 to the weld

F

line 5f 1s equal to or larger than the inner diameter D of the

—

main plpe 2 as 1n this embodiment, the high-temperature fluid

grete
—

fers no

does not reach the weld line 5f, which therefore su:

breakage due to thermal fatigue.

(0042 ]

Second Embodiment

Next, a second embodiment of the present invention will

now be described with reference to Fig. 3.

g pr—

This embodiment differs from the first embodiment in that

a small-diameter portion 5g is provided at the end portion 5e

of the reducer 5, and the other features are identical.

Hence, the identical portions will not be described.

Referring to Fig. 3, the small-diameter portion 5g is

pr—tv

provided on the downstream side of the end portion 5e of the

reducer 5 and has a smaller inner diameter than the upstream

side thereof. The small-diameter portion 5g further

accelerates the low~-temperature water flowing through the

branch pipe 3 and guided into the reducer 5. This prevents

the high-temperature water flowing along the outside of the

reducer 5 from flowing back into the reducer 5. Thus, no
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ature interface reaches a deep level inside the reducer

gy ——

that the possibility of breakage at the weld line 5f due

rmal fatigue 1s eliminated.

0043]

ig. 4 shows a modification of this embodiment.

ically, swirling vanes (swirling part) 8 are added to

the st
inside
pipe 3
high-t
the ax

fiuid

reduce
temper
mixing

A

F

ructure of Fig. 3. These swirling vanes 8 are disposed

P

the main pipe 2 upstream of the joint with the branch

. The swirling vanes 8 apply a swirling force to the

emperature fluid flowing through the main pipe 2 about

1s of the main pipe 2. Thilis causes the high-temperature

flowing through the main pipe 2 to swirl around the

r 5, thus facilitating the mixing with the low-

ature fluid flowing out of the reducer 5 in the fluid-

reglon M.

lthough the high-temperature water flows through the

maln pipe 2 and the low-temperature water flows through the

branch

pipe 3 in this embodiment, the present 1nvention 1s not

limited thereto, and a conflguration 1n which the low-

temperature water flows through the maln pipe 2 and the high-

temperature water flows through the branch pipe 3 is also

possible.

(10044 ]

Third

Embodiment

Next, a third embodlment of the present invention will
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now be described with reference to Fig. b.

fre— -

This embodiment differs from the first embodiment in that

=

an inner cylinder 10 1s provided at the end of the reducer 5,

and the other features are identical. Hence, the 1dentical

portions will not be described.

Referring to Fig. 5, the inner cylinder 10 1s inserted 1in

P P
—

the end portion 5e of the reducer 5. A downstream end l10a of

the i1nner cylinder 10 1s disposed downstream of the downstream

-

end ba of the reducer 5. A gap having an annular Ccross

section 1s formed between the outer circumferential wall of

the inner cylinder 10 and the i1nner circumferential wall of

the end portion 5e of the reducer 5.

10045]

In this embodiment, because the inner cylinder 10 1is

disposed in the reducer 5 with the gap formed between the

P

inner circumferential wall of the reducer 5 and the outer

e

circumferential wall of the inner cylinder 10, the low-

temperature water flowing through the reducer 5 1is split into

a peripheral flow between the outside of the inner cylinder 10

p—

and the inside of the reducer 5 and a central flow through the

'

inside of the inner cylinder 10.

The peripheral flow, split from the central flow by the

inner cylinder 10, forms a thin layer which facilitates the

mixing of the peripheral flow emerging from the downstream end

of the reducer 5 with the high-temperature water flowing
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split from the peripheral flow by the

P

inner cylinder 10, emerges from the downstream end 10a of the

inner cylinder 10 and

sectional area (1.e.,

d

forms a flow having a small cross-

narrow flow) which facilitates the

mixing with the high-temperature water.

P

o~

10 is disposed downstream of the downstream end Sa of the

reducer 5, so that the mixing 1s performed in two steps:

first, mixing the peripheral flow with the high-temperature

water, and second, mixing the central flow with the high-

temperature water. This further facilitates the mixing with

the high-temperature water.

[0040]

Fig. 6 shows a modification o

Specifically, swirling vanes 12 are added to the structure of

P

this embodiment.

Fig. 5. These swirling vanes 12 are fixed between the outer

clircumferential wall o1

circumferential wall o

plh—

———

C the 1nner cylinder 10 and the 1nner

the reducer 5.

The swirling vanes 12 thus provided can apply a swirling

between the outslide o1

force to the peripheral

F

flow of the low-temperature water

In addition, the downstream end 10a of the inner cylinder

"

the inner cylinder 10 and the inside o:

the reducer 5. This facilitates the mixing with the high-

temperature water.

In addition, the 1inner cylinder 10 can reliably be
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supported because the swirling vanes 12 are provided between

-y

the inner circumferential wall of the reducer 5 and the outer

pr—

circumferential wall of the inner cylinder 10 so as to hold

the i1nner cylinder 10.

10047 ]

Unlike the first and second embodiments, the relationship

-~

between the velocity of the high-temperature water flowing

through the main pipe 2 and the velocity of the low-

temperature water flowing through the branch pipe 3 may be

reversed 1n this embodiment. That 1is, the high-temperature

water flowing through the main pipe 2 may have a lower

veloclty than the low-temperature water flowing through the

branch pipe 3.

Although the high-temperature water flows through the

main pipe 2 and the low-temperature water flows through the

branch pipe 3 1n this embodiment, the present invention is not

limited thereto, and a configuration 1n which the low-

temperature water flows through the main pilpe 2 and the high-

temperature water flows through the branch pipe 3 is also

possible.

10048 ]

Fourth Embodiment

gir—=

Next, a fourth embodiment of the present invention will

now be described with reference to Fig. 7.

-

0}

This embodiment differs from the first embodiment in that
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pr—

the downstream side of the malin pipe 2 and the downstream side

O

F

f the reducer 5 are bent, and the other features are

identical. Hence, the identical portions will not be

described.

(0049

This embodiment relates to the case where the downstream

side of the mailn pipe 2 1s bent.

Referring to (b) in Fig. 7, 1

f the downstream side of the

main pilpe 2 1s bent at a bent portion Za, the low~-temperature

portion 2a before being su:

P
—

ficient.

fluid flowing out of the reducer 5 may collide with the bent

y mixed with the high-

temperature fluid. In that case, the bent portion Z2a would

experience temperature

stress or thermal fatigue.

the reducer 5 extends downstream o

maln pipe 2, as shown 1in (a)in Fig

5h 1s provided 1in the

In this embodiment, in contrast, the end portion 5e of

fluctuations which could cause thermal

B

- the bent portlion 2a of the

/. Thus, a bent portion

P

end portion Se of the reducer 5, with

1ts downstream end 5a positioned downstream of the bent

portion Za of the main pipe 2. Accordingly, the fluid-mixing

region M is provided downstream of
maln plpe 2.

at the bent portion 2a o:

F

—

10050}

This prevents thermal

FFig. 8 shows a modification o3

|

the bent portion Z2a of the

fatigue that could occur

- the main pipe 2, as in (b)in Fig. 7.

this embodiment.
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Specifically, swirling vanes (swirling part) 14 are added to

F

the structure of (a)in Fig. 7. These swirling vanes 14 are

P
p——

fixed between the inner circumferential wall of the main pipe

2 and the outer clrcumferential wall of the reducer 5.

Preferably, the swirling vanes 14 are provided on the end

—

portion b5e of the reducer 5 upstream of the bent portion 5h.

The swirling vanes 14 thus provided can apply a swirling

force to the high-temperature water flowing between the

outside of the reducer 5 and the inside of the main pipe 2.

This facilitates the mixing.

In addition, the reducer 5 extends downstream of the bent

p—

portion Z2a of the main pipe 2; this may be disadvantageous in

F F

terms of the rigidity with which the end portion 5e of the

reducer 5 1s supported. In this modification, however, the
rigidity with which the reducer 5 is supported can be enhanced

because the swirling vanes 14 are provided between the inner

circumferential wall of the main pipe 2 and the outer

e

circumferential wall of the reducer 5 so as to hold the end

—

portion Se of the reducer 5.

10051 ]

Unllke the first and second embodiments, the relationship

r—

between the velocity of the high-temperature water flowing

through the main pipe 2 and the velocity of the low-

temperature water flowing through the branch pipe 3 may be

reversed 1n this embodiment. That is, the high-temperature
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water flowing through the main pipe 2 may have a lower

velocity than the low-temperature water flowing through the

branch pipe 3.

Although the high-temperature water flows through the

main pipe 2 and the low-temperature water flows through the

branch pipe 3 in this embodiment, the present invention 1s not

limited thereto, and a configuration in which the low-

temperature water flows through the main pipe 2 and the high-

temperature water flows through the branch pipe 3 1s also

possible.

[0052]

Fifth Embodiment

N

Next, a fifth embodiment of the present invention will

now be described with reference to Fig. 10.

pP

This embodiment differs from the first embodiment i1n that

a wide portion 2b is formed in the main pipe 2, and the other

features are identical. Hence, the identical portions will

not be described.

[0053]

—

The wide portion 2b is provided at the position of the

main pipe 2 corresponding to the fluid-mixing region M. The

wide portion 2b has a larger inner dilameter than the upstream

side of the main pipe 2. The downstream side of the wide

portion 2b is connected to a portion of the main pipe 2 which

has the same inner diameter as before the wide portion 2ZDb.
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The wide portion 2b decreases the

temperature water flowing through

velocity of the high-

the main pipe 2 1n the

P

fluld-mixing region M to reduce the velocity difference

between the high-temperature water and the low-temperature

water, which has a lower velocity

portion Se of the reducer 5, thus

resistance.

and flows out of the end

lowering confluence

In addition, an upstream curved portion Z2bl having a

gradually increasing inner diameter 1s provided on the

upstream side of the wide portion

2b while a downstream curved

portion 2bZ2 having a gradually decreasing inner diameter is

F

provided on the downstream side of the wide portion 2b. This

P

allows for smooth deceleration and acceleration of the high-

temperature water, thus minimizing fluid loss.

[0054]

Referring to Fig. 11, alternatively, the wide portion 2b

may have a reducer shape. Specifi

cally, an upstream conical

portion 2b3 whose"inner'diameter increases gradually at a

P

constant rate 1is provided on the upstream side of the wide

portion 2b while a downstream conical portion 2b4 whose inner

diameter decreases gradually at a

constant rate 1s provided on

the downstream side of the wide portion 2b. This allows for

P

smooth deceleration and acceleration of the high-temperature

F

water, as in the embodiment of Fig. 10, thus minimizing the

fluid loss.



CA 02617340 2008-01-30

31

[0055]

Referring to Fig. 12, alternatively, a large-diameter
pipe 2c¢ having a larger inner diameter than the main pipe 2
may be provided at the position corresponding to the fluid-
mixing region M. The large-diameter pipe 2¢ 1s a cylindrical
metal pipe that is slightly longer than the fluid-mixing
region M. Flanges 2cl and 2c2 are provided at the upstream and
downstream ends, respectively, of the large-diameter pipe 2c

and are joined to upstream and downstream main plpes 2,

respectively. Thus, a large-diameter portion can be provided
simply by flange connection of the large-diameter pipe 2c,
having the flanges 2c¢l and 2c2, to the main pipes 2. This

reduces the steps in the installation operation, as well as

inetallation costs.

[0056]

Referring to Fig. 13, alternatively, stator vanes 20 may

be installed i1n the wide portion 2b. The plurality of stator

vanes (swirling part) 20 are arranged so as to extend

radially, as shown (b) in Fig. 13, which 1s a cross-sectional

view of the wide portion 2b. These stator wvanes 20 apply a

swirling force to the high-temperature water to facilitate the

mixing with the low-temperature water.

Although the high-temperature water flows through the

maln pipe 2 and the low-temperature water flows through the

branch pipe 3 1n this embodiment, the present invention is not
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limited thereto, and a configuration in which the low-

temperature water flows through the main pipe 2 and the high-

temperature water flows through the branch pipe 3 1s also

possible.

[0057]

Sixth Embodiment

Next, a sixth embodiment of the present invention will

now be described with reference to Fig. 14.

-

fers from the first embodiment 1n that

This embodiment di:

a wide pipe 22 is formed at the end of the reducer O in the

case where the low-temperature fluid flowing through the

branch pipe 3 has a higher velocity than the high-temperature

fluid flowing through the main pipe 2, and the other features

are.identicald Hence, the identical portions will not be

described.

(0058 ]

Referring to Fig. 14, the wide pipe 22 is formed at the

end of the reducer 5 so as to extend along the central axis of

the main pipe 2. The wide pipe 22 is a conical metal pipe

whose inner diameter increases gradually toward 1ts downstream

plr——

end. The wide pipe 22 decreases the velocity of the low-

temperature water flowing through the wide pipe 22.

P

Conversely, the velocity of the high-temperature water 1s

increased in a region having an annular cross section between

the wide pipe 22 and the main pipe 2 because this regilon 1s
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ference

gradually narrowed. Thils reduces the velocity di

between the low-temperature fluid and the high-temperature

fluid, which has a lower velocity and flows through the main

pipe 2, thus lowering the confluence resistance in the fluid-

mixing region M.

Although the high-temperature water flows through the

maln pipe 2 and the low-temperature water flows through the

branch pipe 3 in this embodiment, the present invention is not

limited thereto, and a configuration 1in which the low-

temperature water flows through the main pipe 2 and the high-

temperature water flows through the branch pipe 3 is also

possible.

[0059]

Seventh Embodiment

Next, a seventh embodiment of the present invention will

now be described with reference to Fig. 15.

This embodiment differs from the first embodiment in that

a bypass pipe 24 1s connected to the reducer 5, and the other

features are 1dentical. Hence, the identical portions will

not be described.

(0060 ]

P

Referring to Fig. 15, the elbow portion 5d of the reducer

5 has the bypass pipe (intake part) 24, which extends along

"

face the upstream

the central axis of the main pipe Z so as to

side. The bypass pipe 24 is, for example, a cylindrical metal
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pipe. The reducer 5 can take in the fluid through the bypass

P
—

pipe 24 before it reaches the flulid-mixing region M. Some of

the high-temperature fluid can thus be mixed with the low-

temperature water before it reaches the fluid-mixing region M.

‘This enables two-step mixing, which can decrease the

temperature difference between the high~-temperature water and

the low~temperature water stepwlse to suppress the temperature

N

difference on the 1nner metal surface of the pipe. In

addition, the confluence resistance can be reduced.

The bypass pilpe 24 may be replaced with, for example, an

F

opening formed in the wall of the elbow portion 5d or the end

portion b5e.

[00061]

Unlike the first and second embodiments, the relationship

between the wvelocity of the high-temperature water flowing

through the main pipe 2 and the veloclty of the low-

temperature water flowing through the branch pipe 3 may be

reversed 1n this embodiment. That 1s, the high-temperature

water flowing through the main pipe Z may have a lower

velocity than the low-temperature water flowing through the

branch pipe 3.

Although the high-temperature water flows through the

malin pipe 2 and the low-temperature water flows through the

branch pipe 3 in this embodiment, the present invention is not

limited thereto, and a configuration in which the low-
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temperature water flows through the main pipe 2 and the high-

“lows through the branch pipe 3 1s also

temperature water !

possible.

[00062]

- the fluid

Although water 1s taken as an example 0:
and the branch pipe 3 in the

-

flowing through the main pipe 2

first to seventh embodiments,

the present

description of the

invention 1s not limited thereto.
- the reducer

although the upstream end 5b ©

"erential wall of the branch

5 18 Jjolined to the inner circumi

In addition,

first to seventh embodiments,

- the

plpe 3 1n the description o:
the present invention 1s not limited thereto. As shown in

the upstream end 5b of the reducer 5 may

P

p—

f the 1nner circumferential wall of

be jJoined to a position of

Fig. 9, for example,

- the joint between the branch pipe

the main pipe 2 upstream o:

3 and the main pipe 2.
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The embodiments of the present 1nvention for which an

exclusive property or privilege 1s claimed are defined as

follows:

1. Piping having a fluid-mixing region and comprising a

first pipe and an inner pipe 1ncluding an end portion disposed

in the first pipe substantially on a central axis of the first

pipe, an inner fluid flowing through the inner pipe at a lower

velocity than an outer fluid flowing outside the end portion,

the inner and outer flulds having different temperatures;

wherein the 1inner and outer fluids are mixed 1n the

fluid-mixing region downstream of the 1nner pipe;

the 1inner pipe has a weld formed to connect the end

portion and a downstream portion together;

the distance between the weld and a downstream end of the

end portion is equal to or larger than the inner diameter of

the first pipe; and

the inner plpe has a bypass pipe facing an upstream side

for taking in part of an unmixed fluid before the unmlixed

fluid reaches the fluid-mixing region.

2 . The piping having the fluid-mixing region accordilng to

Claim 1, further comprising a second pipe Joined to an outer

wall of the first pipe to guide the inner fluild;

wherein an upstream end of the 1nner pipe 1s fixed to an

inner circumferential wall of the second pipe.
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3. The piping having the fluid-mixing region according to

Claim 1, further comprising a second pipe Jjolned to an outer

p——

wall of the first pipe to guide the outer fluid;

wherein an upstream end of the 1nner pipe 1s fixed to an

P

inner circumferential wall of the first pipe.
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