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, , 

-
, 

, -
, 

-
, 

, 
-

.

-

.

, 
-

. -
, 

.  ( ) -
,  ( ). -

 1,5÷2,5 , 
h1 ≈ 0,3÷0,5 .  - -

, , , , -
, .

 0,4 .
-

 ( ) , 
, , , 

, .
 " " 

, -
, , 

), -
, ,  ( ) ,

. -
. 

 - -
.

,
/( 2⋅ ):

K = (Rl + R2 + RK + R3)-1, (1)
 R1, R2, R3 - 

, 2⋅ ;
RK - .

, , αK = 1/RK,
/( 2⋅ ).
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-
.

, 2:
F = Q/(K⋅∆tcp), (2)

 Q - , ;
∆tcp - , .

 (2) ,  F = f(RK). , -

.

 [1] ∆tK, °C, -
-

 qK, 2. 

. 
, -

. 
, -

 0,1÷0,15 . , 2⋅ , 
, :

RK = ∆tK/qK. (3)

, -
.

 [2, 3] , -
, -

, 
.  RK

, , 
 ( ) 

-

.
-

 [4], . 
-

, 
, -

, , 

, -
 Q, , 
, 

∆tK,  (3)  RK, 
qK = Q/FK, (4)

 FK = πdKl -  ( ) , 2;
dK = dH - , -

, ;
l - , .
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, -
.

, -
, -

 ( ) -
 0,6÷0,8 ,  45÷60 -

; ,
.

 - , 
-

-
, .

, -
, -

, , 
, 

-
-

.
, 

, -

, -
, -

, , -

.
. 1-4.

. 1 , -
, ; . 2 - -
, ; . 3 - 

, ; . 4 - -
, 

.
 ( . 1)  1 -

,  2,  3, 
 4,  5 -

,  6 ,  7 
, -

 8 ,  9 -
,  10,  11.

 1  ( . 2) 
 12  13. 
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 7 -
 2, . 

:  d, ,
 h, s, ∆,  h1, -

 dH,  dBH δ. 
 l.
 ( . 3)  14 

, , 
dH - . -

 7  2.
-

.
 1 ,  7 -

 2,  3 -
.  l . 

 6 , 
.  10, -

 4 , 
, , ,

. -
,  6. 

, 
 7 , -

 5 - . -

, 
 11. 

-
, -

 8  9, -240. 
-

,  9. 
, -

.
-

, 
, /( 2⋅ ):

,
)'t't(F

'Q'
2CT −

=α (5)

 Q' - , , ;
F = πdHϕl - , 2;
t'CT - 

, ° ;
t'2 - , ° .

:

).hd(
sd

h21 H
H

∆+++=ϕ (6)

, , 
 14, -

, /( 2⋅ ):
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,
)'tt(F

Q

2CT −
=α (7)

 Q - , , ;
tCT - 

, ° .
α'  α

RK,  2⋅ , 
:

,hR1
'
1

CT

1
E λ

++
αϕ

=
ϕα (8)

λCT - ,
/( ⋅ ).  h1/λCT  1/(α⋅ϕ). 

(8) ,  0,1 %,  h1/λCT. -

 w = const:

.1
'

111
'
1R K 








α
−

αϕ
=

αϕ
−

ϕα
= (9)

 (9), 
, -

:

,d
Nu
1

'Nu
11R H

K λ













 −

ϕ
= (10)

 Re = const,  w = const.

λ
α

= Hd''Nu  - ;

λ
α

= Hn dNu  - ;

v
wdRe H=  - ,

λ - , /( ⋅ ),
v - , 2 .

λ  v , -
.

, -

-
,  - 

, 
 0,6÷0,8 ,  40÷60 

, -
. , -

. 
, .
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. 

 " " ( ) -
. : d = 57

; h = 16 ; s = 2,54 ; ∆ = 0,35 ; dH = 25 ; dBH = 20 ; δ = 2,5 ; h1 = 0,3 ;
ϕ = 21,05. . 10,  - 

 AD1M. , 
 l = 400 .

-
 AD1M  ( ).

-
 400×90 . -

-4-70  8  10000 3  1000 .
. 

 10 , -
-240,  t'CT,  tCT

 0,1  0,16 . -
≈ 100 ° . 

 t2' = 26,5; 26; 25 ° . -
 w = 3,11; 6,20 

12,38 ,  Re = 5000, 10000  20000. -

α' = 25,53; 36,1  51,0 /( 2⋅ ), 
Nu' = 24,61; 34,80; 49,21.

α = 31,72; 46,77;
69,76 /( 2⋅ ),  Nu = 30,62; 45,15; 67,34, , -

 (9),  RK = 3,5⋅10-4; 2,89⋅10-4  2,4⋅10-4 2⋅ . -
 RK  RK [2.4] -

. -

. -
, .
. 4  Nu',

 (+),  Nu  ( ) 
 Re.  Nu' = f(Re)  Nu = f(Re) -

, ,
 +, . 

,  1,8÷2,1 
 2,7÷3,1 , 

2÷2,5 , -

.
-

, 
, -

,
, 

.



BY  9299  C1  2007.06.30

8

:

1. . . -
.: , 1971. - C. 98-111.

2. .  1236298, 4 F 28D 1/00, G 01K 17/08, 1986.
3. .  1601492, 4 F 28D 1/00, 1990.
4. ., ., . 

-
// . . . - 1980. -  5. - . 121-126 ( ).

. 2                                                                    . 3

. 4

.
220034, . , . , 20.


