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Ŝ

X
 
o

E 
O 
P

®
d

Pd
 CD

4Í
E3
d

ra 
ra 
s 
m

O
O

 
4

 d
 
t3

H
*

SE
O

3d
 S
 E

E 
S 
CD 
p

o
p 

4 
41

d
O 

-3
cd
 o
 - 

ra
s 

d 
d

o
H 

4
 
® 
®

®
S 
ra 
ra

s 
s

d 
ra
d

d
O

 
® 

CD
CD

d 
O 
CD

d 
cd
 e
 ra

O 
O 
E 
CD

p
 
H

 co 
®

O 
CD 
d

CD 
CD 

E
X
 s
 ro

HÇ
.E

.y
S

c
d
d 
-3 
d 
d

d 
P

p
 
c
t 
4 t
l

o
p 
O 
E 
S

O 
P 
d

c
t 

H
- 
® 
®

d
1 d
 o
 o

1 
P 
o

M
 O 

1
o

o 
1 
1

I 
I

I 
4

30
1

MccjieflOBaHJie noTepb flaBJieHMH npw B̂nateHMH KOJiÖacHbix $apmeft b Tpyóax c otforpeBaeMoft
CTeHKOM _________________________________________________________________________________
B.M.rOPBATOB
BcecoK )3 HbiH HayqHO-Mccjie,n,OBaTejibCKHñ MHcraTyT mhcho'H npoMbimjreHHocTM, M o c K B a ,  CCCP



B o n p o c H  n e p e ^ a ^ H  Terina ot ctghkm k jüBancymeMycB $apmy MMeßT óonbiiioe  r j p a i m ^ e c K o e  3 H a -  
^eHue KaK e c n y s a e  Me&onepaouoHHoro TpaHcnopTa, Tan  n npu Tepym ^ecK O fi o o p a d O T s e  koji-  
óacHüx m n e j im  [ I ] ,  B nepBOM c n y ^ a e  n p u  n a r p e b e  Ha sHyTpeHHeä h o b epxHOCTH Tpyöu o ó -  

p a 3 y e T C H  TO HK aa n n e n r a  p a c n n a s n e H H o r o  «apa', cnococicTEytoinaa cHJaaeHHK) conpoTHBJieHHg 
npu TeqeHMB cpapma. Bo BTOpoM c n y q a e  ocym ecTSAHtoT Harpes E c e f i  M a c e a  n p o f l y r r a ,  ^to

tí
1O

1CO
s

3
R

l
1

R
O

o
CT

R
co

CO
R

R
R

R
O

r
X

X
R

P
2

R
<D

3
R

P
C

3
Eh

CD
CD

O
r

O
En

R
EH

3
3

a
CO

O
O

R
R

EH
R

EH
CO

a
CO

CD
Ci

O
S

R
R

co
X

S!
3

R
o

£
Si

CD
R

CD
R

co
P

3
CD

R
co

'CD
P

h
R

o
g

R
a

p*
P>3

O
CO

CD
o

t-rH
l-P

Eh
Si

R
R

CT
¡>3

CO
CO

3
CD

R
Hi

P
h

a
R

CO
R

65
CD

•o
3

*
a

O
R

o
R

S
3

;R
p

CD
R

LOS
3

■3CD
e

3O
CDpa

co-3
<

OO
co3

Eh
Eh

R
R

co
O

CO
O

3
O

o
o

PQ
5»

P
P

O
R

3
o

CD
CD

R
-o

O
a

•
Eh

R
R

R
o

R
=R

O
§

a
CO

O
Si

CD
EH

R
co

CO
•

a
§

O
EH

a
'O

E
h

CD
o

CD
R

a
3

a
p

'O
3

X
X

o
O

R
¡>3

co
c

o
a

a
a

o
Eh

p
r

CD
XR

•
o

s
R

R
COP

X
X

>s
3

 < D
EH

a
a

CD
a

R
P

h
co

O
CO

R
R

R
R

R
S!

Eh
L

O
P

Eh
o

33
R

O
P

R
CD

O
R

CD
3

co
CD

O
R

R
co

a
co

■
o

EH
s

3
2

P
Eh

P
h

3
CO

R
CD

CD
O

' -r-i
'• i—1

R
o

SJ
P

O
EH

EH
O

O
CD

a
CD

CD O
a

R
R

2
3

R
H

SR
co

R
R

CD
O

M
<D

P
oR

CO
P

a
X

a
3

cq
R

3
CD

EH
a

co
EH

R
X

R
co

R
O

R
•

O
R

O
co

o
•o

O
S3

CD
CD

CD
3

a
co

tq
R

R
CD

2
R

o
•%

CO
p

p;
P

Eh
R

R
a

¡>3
:R

\

'O
CD

CO
O

O
CO

o
O

R
o

O
P

CD
CO

R
CD

CO
R

R
¡>5

R
CD

c
r

R
R

R
c

r
S

EH
CO

R
Eh

R
CD

CD
o

Si
■Si

a
CO

O
HHMH

2
3

13
a

S!
SJ

S
CO

R
CD

CD
o

co
CD

R
3

CO
k Ar

o
R

3
R

C
D

S3
f=L

3
CD

3
CD

O
CT

CD
R

O
■3

O
P
P

S
3

P
a

S
R

T
R

R
S

P
P

§3
a

O
o

•%
O

P
CO

S
Eh
P
P

R
a

R
CD

X
Eh

CO
P“;

R
P

1
P

R
a

Eh
CO

cH
O

i>3
>3
P

R
Si

P
O

CO
'O

EH
Eh

R
3

S
P

CD
P

>3
R

CO
0

P
h

X
X

S
3

CD
P

£^3
P

co
a

P
R

R
EH
P

CD
o

CD
co

55
cq

2
EH
R

o
2

O
3

Eh
EH

CD
CD

O
2

CD
Eh

O
o

EH
R

CD
R

CD
O

X
CD

EH
CD

ï>3
EH

O
P

CD
O

3
CD

CD
P

a
P

:
O

g
P

a
a
R

R
R
R

X
'O

U
r

Eh
a

co
3
R

a
Eh

O
O

o
R

O
R
R
R

CD
'O

X
O

CD
a

CD
a

CD
>

3
EH

o
R
R

o
R

o
s

g
P

a
R

P
o

CD
o

p
S

EH
o

P
Ph

R
P

2
R

p

302



CO

S
 f
t. 
Qi.

 
i 

i 
I

n
 

w
 

w
t

 
tu

 
CD

 
O

 
<<

i 
O

 
►9 

H
ÍU

 
u

o 
cd 

S
O

K
O

►a 
tu 

ti
K
 
E
 
«<¡
 

K
e 

K
 

K
 

t-3
•ö

 
b

 
03

 
O

 
K

 
t

 
K

 
K

CD O

M

O
K

O
oi

 
td

•o
) 

CD
 

O
 

Cd 
O 

t
O

i 
tn

 
CD

o 
o 

i-a
 

Ke
 

K
 

is
 

• 
CO
 

CD
td
 
K

o 
s

n
o

o
 

n
 

o
 

n
1-3

 
H

 
CD

 
K
 

CD
 

O
 

K
 

Ke
 

o 
X 

K
O t 

1-3

td
 

^
 

CO
 

CD O
CD
 
K 

K
 

O
 

O
 
Ke

n CD
 S

 
S
 
CD 

K
 
CD 

S
 
K
 

CD
 
K
 

K
 
K

S

n
»S

t-3
K

CD
«<!

td
K

CD
CD

O
t-3

O
O

K
S

S
Ke

►3
t

CD
■<!

O
CD

O
1-3

S
O

-O
O

K
1-3

CD
K

n
Oi

O
td

Jd
1-3

CD
Ui

O
ti)

CD
CD

CD
S

CD
Ke

K
K

K
K

•
en

CD
K

n
 

w CD
M

 
S

 
tO

K

Jd
 

• 
(-3

t-3
 

S
o 

m
 <<
j

CD
 

O
i

n
 

n
 

o
o

 
«

i

S 
.§

CD
O

CD
t-3

O
CD

K
g

Jd
CD

t-3
K

K
CD

K
S

CD
E

O
K

O
CD

t
X

O
s

td
1-3

K
t-3

K
K

O
K

CD
K

K
»n
 
oi
 
cd
 

k
®

 
g

 
y

 
°

3=
) 

S
 

E
 

o
CD

 
O

 
CD

 
í¿

n 
n 

Sc 
S

 
s

 
o

 
K

 
O

 
O

 
te

f 
o

O
 

CD
 

K
 

S
 
t
 

O
 

CD
 

CD
 

O
 

t
 

K
 

K
 

K
 

O

CD
 
CD
 

ti
 
O 

O
 
td
 

td
 
co
 

CD
 
(-3 

E
 

K

S

ex
 t
i 

n
 

k
 

e
 

CD
 
K
 
K 

S
 
s K 

K

td

O
O

CD
CD

1—1
t

Jd
CD

O
1-

3
t

g
O

K
1-3

K
CD

CD
1

E
t-3

K
Jd

K
S

ê
X

CD
O

K
t-3

CD
td

*•
S

O
*<

O
K

X
o

K
K

K
S

jd
K

O
CD

1-3
K

K
t

o
o

»Ö
CD

O
K

n
t

CD
t

Oi
g

t-3
O

E
Oi

1-3
td

O
K

CD
Ke

1-9 o
CD O

S
K O

t o
CD

g n
S

td
E

Ke
jd

K
CD

•
s

K
K

CD
s

CD
o

td
«<i

K
CD

O
t

CD
t

t-3
t-3

t-3
o

S
CD

K
Si

a
O

jd
S

g
CD

o
Ä

K
Pí

K
K

O
K

O
K

CD
K

Ke
O

O
S

n
t

%•
Kr

t-3
CD

s
t

to
K

g
o

CD
H

 
tl

CD
CD
 
O
 
Ke

 
1-3
 
CD
 
CD

K
 

- 
- 

-
K K

O
 

»
 

t-3 
CD K

p
CD
 
K
 

►3
 

h3
 

S
 
CD 

CD
 
t

O
CD

n
O

i
K

M
S

t
K

K
K

O
n

s
K=

t
in

S
CD K

K
•

K CD
K

•
K

CD
1

t-3
1

30
3



MaccoBan noßaya, et/ o;
yfíejiman TenJioeMKocTL npo^yni-a, M /  (Kr.K);
K o a ^ H u w e H T  TenJionpoBOÄH ocTH  n p o # y K T a ,  B t / ( m . K ) .

P
1

l
O

a
EH

S
P

a
P

oo
p

PS
s

OO
EhS

WP
OP

s
roP

OS
m

EH
a

P
CD

Eh
P

'--✓
o

X
ro

CO
O

P
2

ro
M

Pc
P

X
P

ro
P

h
s

CT1
s

CD
pq

o
o

CD
p

O
p

B
s

oS
P>3

p
CD

3
>3

S
p

o
O

P
c

2
P

o
p

.
CD

s
Pc

pq
EH

CD
CD

s
P

Eh
p

P
o

EH
P

CD
P

h
O

CD
a

p
CD

P
S

P
OS

Pc
o

S
CD

«
<D

P
CO

í
P

S
CO

3
O

•O
CD

CO
O

2
3

S
P

.
3

S
 1 o

CD
Pc

ro
oti

ao
ap

Eh
coco

SP
&

1
§

£-*3
o

CD
1

CD
p

CO
Pc

p
CT

cv
P

ro
CD

CD
3

EH
Ü

co
P

a
Pc

S
Pc

o
CO

¡T
P

P

>3<
5SO

EHCT
roCO

S
pp

COa
CD

CDP

P
s

EH
CD

K
P

CD
•*

p
CO

o
Pc

CO
s

ro
O

s
Pc

p
ro

P
l

P
P

p
CD

CO
P

CD
P3

CD
CD

CD
P

p
Pc

mo
Pc
p

S
§

§CD
COa

«X
O

^33
Op

o
O

ro
EH

p
P

ro
CD

a
XD

P
P

P
Pc

CT
p

O
CO

CD
o

P
CD

P*3
o

•
E
h

P
P

Eh
CD

B
P

• «k
<D

K
O

Pc
CO

CO
EH

s
O

/--«S
a

P
CD

CD
p

CO
CD

p
«

3
ÍT

EH
Pc

«
p

3
\

\
CV *

a3
K

Sp
oSCD

OP
CDEn

ro
OP

oS
ro3

S
j

^2
a

o
EH

P
CO

CD
O

P
\S

P
o

3
o<

P
S

ro
P

2
CD

>3 
p

 
co 

o
ro 

ta 
cd 

ai 
co 

Pc s P
 

Di 
CD 

CD 
a

 
P

 
p

 
P

 
ti 

Cp 
CD

o
 

ca 
t=3 

cd 
P

 
p

 
X

 
co

FQ
Pc O

S
 

CD 
0

 
3

* 
S

P
C

!
 

m
 

s
 

o
co 

CD 
3

 
co 

s
 

o

O
S

P
P

a
CD

o
^

 oS
O

p
>Qc

¡2
P

o
ro

p
P

 
§

a
p

CO
P

CD
P

p
p

CD
Pc

CD
JSJ

£T
a

CD
S

 
<D

s
3

P
P

H
S

CO
3

P
 

P
ro

CD
CD

>a<
a

O
CD 

p
P

3
a

2
m

ro
p

S
P

 
S

m
 

CO 
CD 

CD 
S

CO
S
P

CO
P

P
Pc
P

\D
3

p
p

oS
s

ro
o
a

P
ro

P
S

ro
CD

CO
p

s
CD
O
P

Pc
P

§<
3
3
Pc

s
o
3

S
O
O

•Q
CD

o
O
CD
P
&
O
P

p
O

O
ro
P
O
3

ro
s

S
CD
2
3

•
O

o
CD
2
a
P

o
Pc
P
CD

^
 CD

a Pc S co 
P O Pc 

I 
s 

CO 
M

 
cq 

X
>¿ 

• 
CO

O
 
CO 

oS
s 

a)
Pc 

CD 
3 

©
 

H
 

ft 
F=t 

CO s co 
Fc 

M
 

ffl 
Ô

CO 
O

 
cd 

CD
>3 

3
 

2
 

K
CD Pc 

S
 

CO 
CD

P
 

3
 

CO 
S

 
3

O 
Pc 

P 
p

 
s 

CO 
(D 

S
X

a>

CO 
H

tr} 
o

f>3 
«

CO 
P

 
CD 

S
 

Pc 
S

 
CD

FQ 
3

304

rjie /> - ÄaBJieHne Ha BHXOße H3 Tpyöu, Da; 
t - MHHa TpyöH, m ;



PhçuI . M3MeHeHHe ,H3.bji6Hhh no ÆJWHe $apmenpoBOfla c 
oöorpeBaeMOß cTernco  ̂ (fljifl Kojiöacu mojiotihoA) .



c i -  EHyTpeHHMÎÎ flBaNieTp TpyÓ H , m ;

§> -  f í 0 9 $ $ B U 0 e H T .

a M i in  p u h e e n n e  K 03^ n u n e H T t i  ( d0  l i  /  H a x c r m a n  n o c j i e  o ö p a ö O T K H  Ä a H H U x  B c e f  c e p U H  a n c n e -  

p i iM e H T O B  æ j ih  B c e x  n c c J i e , n , y e ^ a x  n p o ,n y K T O B  n o  iv ie T O ^ y  H a m u e H u n a x  K E a ^ p a - r o B .

3 a B H 'c ü M O c T B  ^ a B J ie H i i f l  H a  B H x o f le  H 3  T p y ö H  O T  T e ^ in e p a T y p H  k =  f(T) 3a f t a H a  e  B i i f t e  o i i h t -

m

C
O

«

*
0

 
tua

^
 

o
:)

*(■?

fO
 i

otu 
co 

(U
 

CD 
P

h

£
n

a
i

•
s

Xaa
t̂

—
CD

tu
P?

00
*-r<

co
ÍU

CD
t=[

CD
•

tu
N

X
Pí

-—-,
CD

P
03

tu
tu

a
a

•a
■&

a
a

O
s

'&
Ew

a
K

>©t
CDa

a
P4

!©<
O

a
5

-_'
CD

«
o

p>
O

a
»

»
a

Oa
CD

M
í>5

s
CU

co
55

P
h

tu
V»

ta
«

<D
o.

CD
CT

a
3tU

CD
CD

o
o

tu
t=t

ca
tu

CO
fn

ta

Xa

^
[<

f

tu 
tu

t
r

 
(D

o

I 
I 

I 
I 

I 

^
 ^

 CQ̂
 

^

306

cpeftHaa CKopocTB noTOBa, m/ c ;



Fig#2. The pressure at the pipe outlet as related to temperature 
Phc. 2 .  3aBHCHM0CTb Æ8b neHHfl H8 Baxofle K3 TpyÖH oT TewiepaTypti
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