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Ðåçóëüòàòû ýêñïåðèìåíòîâ ïî îïðåäåëåíèþ ãèäðàâëè÷åñêîãî ñîïðîòèâëåíèÿ è êîëè-
÷åñòâà ïåðåäàííîãî ÷åðåç òåïëîîáìåííóþ ïîâåðõíîñòü òåïëà, êàê èçâåñòíî, îáîáùà-
þòñÿ êðèòåðèàëüíûìè óðàâíåíèÿìè, â êîòîðûõ â êà÷åñòâå õàðàêòåðíîãî ðàçìåðà
èñïîëüçóåòñÿ ýêâèâàëåíòíûé äèàìåòð. Â ðàáîòå îïèñûâàåòñÿ ìåòîäèêà âû÷èñëåíèÿ
ýêâèâàëåíòíîãî äèàìåòðà òðóáíîãî è ìåæòðóáíîãî ïðîñòðàíñòâà â àïïàðàòå òèïà
«òðóáà â òðóáå» ñ âèíòîâûì òåïëîîáìåííûì ýëåìåíòîì. Ðåçóëüòàòû äàííîé ðàáîòû
ìîãóò áûòü èñïîëüçîâàíû ïðè ïðîåêòèðîâàíèè è ðàñ÷åòàõ íîâîãî òåïëîîáìåííîãî
îáîðóäîâàíèÿ.

Ê ë þ ÷ å â û å ñ ë î â à: ýêâèâàëåíòíûé äèàìåòð, òåïëîîáìåííûé àïïàðàò, âèíòîâàÿ
òðóáà, âèíòîâàÿ ñïèðàëü, îáúåì, ïîâåðõíîñòü.

Ââåäåíèå. Âïåðâûå ïîíÿòèå ýêâèâàëåíòíîãî äèàìåòðà áûëî ââåäåíî
ïðè âûâîäå óðàâíåíèÿ Äàðñè-Âåéñáàõà äëÿ îïðåäåëåíèÿ ãèäðàâëè÷åñêîãî
ñîïðîòèâëåíèÿ òðóáîïðîâîäîâ. Â íàñòîÿùåå âðåìÿ ýòîò ïàðàìåòð èñïîëüçó-
åòñÿ äëÿ ðàñ÷åòà øèðîêîãî êëàññà àïïàðàòîâ òåïëîîáìåíà, âêëþ÷àÿ êîæó-
õîòðóáíûå òåïëîîáìåííèêè, òåïëîîáìåííèêè ñ îðåáðåííûìè òðóáàìè,
êîìïàêòíûå ïëàñòèí÷àòî-ðåáðèñòûå, ïëàñòèí÷àòî-çìååâèêîâûå òåïëîîá-
ìåííèêè, à òàêæå äëÿ îïðåäåëåíèÿ ãèäðàâëè÷åñêîãî ðàäèóñà ýëåìåíòîâ
è íàñàäîê ìàññîîáìåííîé àïïàðàòóðû [1].

Ïîä ãèäðàâëè÷åñêèì ðàäèóñîì ïîíèìàþò îòíîøåíèå ïëîùàäè ñâîáîä-
íîãî ñå÷åíèÿ êàíàëà, ÷åðåç êîòîðîå ïðîòåêàåò æèäêîñòü, ê ñìî÷åííîìó ïåðè-
ìåòðó [2]

r
S

P
= ,

ãäå S - ïëîùàäü ñå÷åíèÿ ïîòîêà æèäêîñòè;
P - ñìî÷åííûé ïåðèìåòð.

Äëÿ êðóãëîé òðóáû ñ âíóòðåííèì äèàìåòðîì d è çíà÷èò ïëîùàäüþ ñâî-

áîäíîãî ñå÷åíèÿ S
d= p 2

4
ïðè ñïëîøíîì çàïîëíåíèè åãî æèäêîñòüþ P d= p ,

îòêóäà ãèäðàâëè÷åñêèé ðàäèóñ
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Äèàìåòð, âûðàæåííûé ÷åðåç ãèäðàâëè÷åñêèé ðàäèóñ, ïðåäñòàâëÿåò ñîáîé
ýêâèâàëåíòíûé äèàìåòð: d d reqv= = 4 .

Ñëåäîâàòåëüíî,

d
S

P
eqv = 4

. (1)

Òàêèì îáðàçîì, ýêâèâàëåíòíûé äèàìåòð ðàâåí äèàìåòðó ãèïîòåòè÷åñêîé
òðóáû êðóãëîãî ñå÷åíèÿ, äëÿ êîòîðîãî îòíîøåíèå ïëîùàäè S ê ñìî÷åííîìó
ïåðèìåòðó P òî æå, ÷òî è äëÿ äàííîé òðóáû íåêðóãëîãî ñå÷åíèÿ [2].

Óìíîæèâ ÷èñëèòåëü è çíàìåíàòåëü íà äëèíó òðóáû, ôîðìóëó (1) ìîæíî
çàïèñàòü â âèäå

d
V

F
eqv = 4

, (2)

ãäå V - îáúåì òðóáíîãî ïðîñòðàíñòâà;
F - ïëîùàäü ñìî÷åííîé ïîâåðõíîñòè.

Â íàñòîÿùåå âðåìÿ îäíèì èç íàèáîëåå ðàñïðîñòðàíåííûõ òèïîâ òåïëî-
îáìåííîãî îáîðóäîâàíèÿ ÿâëÿþòñÿ òåïëîîáìåííèêè òðóá÷àòîãî òèïà. Äëÿ
ïîâûøåíèÿ ýôôåêòèâíîñòè òàêèõ àïïàðàòîâ àâòîðàìè ïðåäëàãàåòñÿ èñïîëü-
çîâàòü â êà÷åñòâå òåïëîîáìåííûõ ýëåìåíòîâ âèíòîâûå òðóáû [3].
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Ðèñ. 1. Îáùèé âèä ýêñïåðèìåíòàëüíîé óñòàíîâêè



Â ðàáîòå [4] ïðîâåäåíà îöåíêà ñòåïåíè ðàçâèòèÿ ïîâåðõíîñòè y ïðåäëà-
ãàåìûõ òåïëîîáìåííûõ ýëåìåíòîâ ïî ñðàâíåíèþ ñ ïîâåðõíîñòüþ ãëàäêîé
òðóáû. Ïîêàçàíî, ÷òî ýòîò ïàðàìåòð ïðè îïðåäåëåííûõ ãåîìåòðè÷åñêèõ
ñîîòíîøåíèÿõ ïðèíèìàåò çíà÷åíèÿ îò 1,4 äî 2. Òàê êàê ïðè y > 115, ïî-
âåðõíîñòü ñ÷èòàåòñÿ ýôôåêòèâíîé, òî âèíòîâûå òðóáû ìîãóò áûòü óñïåøíî
èñïîëüçîâàíû â êà÷åñòâå òåïëîîáìåííûõ ýëåìåíòîâ òðóá÷àòûõ òåïëî-
îáìåííèêîâ [5].

Â ðàáîòå [6] îïèñàíà òåõíîëîãèÿ ïðîèçâîäñòâà âèíòîâûõ òðóá ìåòî-
äîì ðîòàöèîííîé êîâêè. Äëÿ îïðåäåëåíèÿ êîýôôèöèåíòîâ òåïëîîòäà÷è â
âèíòîâûõ òåïëîîáìåííûõ ýëåìåíòàõ â êîòåëüíîé ã. Åëàáóãà (Ðåñïóáëèêà  Òà-
òàðñòàí) ñìîíòèðîâàíà ñïåöèàëüíàÿ ýêñïåðèìåíòàëüíàÿ óñòàíîâêà (ðèñ. 1).

Îñíîâíûì óçëîì óñòàíîâêè ÿâëÿåòñÿ òåïëîîáìåííèê òèïà «òðóáà â òðó-
áå», òåïëîîáìåííûé ýëåìåíò êîòîðîãî âûïîëíåí â âèäå âèíòîâîé òðóáû.

Ðàçðàáîòàíà ìåòîäèêà ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé, à ðåçóëüòàòû
ýêñïåðèìåíòà, êàê èçâåñòíî, îáîáùàþòñÿ êðèòåðèàëüíûìè óðàâíåíèÿìè,
â êîòîðûõ â êà÷åñòâå îïðåäåëÿþùåãî ãåîìåòðè÷åñêîãî ðàçìåðà èñïîëüçóåòñÿ
ýêâèâàëåíòíûé äèàìåòð. Â ñâÿçè ñ ýòèì âîçíèêëà íåîáõîäèìîñòü ðàçðàáîòêè
àëãîðèòìà îïðåäåëåíèÿ ýêâèâàëåíòíîãî äèàìåòðà òðóáíîãî è ìåæòðóáíîãî
ïðîñòðàíñòâà â àïïàðàòå òèïà «òðóáà â òðóáå» ñ âèíòîâûì òåïëîîáìåííûì
ýëåìåíòîì.

1. Ýêâèâàëåíòíûé äèàìåòð òðóáíîãî ïðîñòðàíñòâà. Ïîâåðõíîñòü âèí-
òîâîé òðóáû (ðèñ. 2), îáðàçîâàííîé äâèæåíèåì òðåóãîëüíèêà (ðèñ. 3) âäîëü
âèíòîâîé ëèíèè, ðàñïîëîæåííîé íà êðóãîâîì öèëèíäðå ðàäèóñà r0, çàïèñûâà-
åòñÿ â âèäå [7]:
r r r r
r r s h ti r s h tj bt s k= + + + + + + +( ) ( ) ( )0 0a acos sin , 0 2£ £t np , - £ £l s ld k ,

ãäå n - ÷èñëî âèòêîâ âèíòîâîé ëèíèè;
l l ld k= + - äëèíà îäíîãî ìîäóëÿ òðóáû;
b l= /( )2p - ïàðàìåòð âèíòîâîé ëèíèè;
f(s) = as + h - îáðàçóþùàÿ ëèíèÿ;

a =
- £ £
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ì

í
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ï
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d

d

k

k

, ,

, .

0

0

Âû÷èñëèì ãåîìåòðè÷åñêèå õàðàêòåðèñòèêè îäíîãî ìîäóëÿ âèíòîâîé òðóáû.
Çàïèøåì ïàðàìåòðè÷åñêèå óðàâíåíèÿ ìîäóëÿ âèíòîâîé òðóáû â âèäå:

x r t

y r t

z bt s

=
=
= +

ì
í
ï

îï

cos
sin , 0 0£ £ + +r r s ha , 0 2£ £t p, - £ £l s ld k .
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Ðèñ. 2. Âèíòîâàÿ òðóáà Ðèñ. 3. Îáðàçóþùàÿ
ëèíèÿ



Äëÿ îïðåäåëåíèÿ îáúåìà òåëà âîñïîëüçóåìñÿ ôîðìóëîé [8]

V dxdydz

V

= òòò .

Âû÷èñëèì ÿêîáèàí ïðåîáðàçîâàíèÿ äåêàðòîâûõ êîîðäèíàò x y z, , â êðè-
âîëèíåéíûå r t s, ,
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( )( ) ( ).l l r r h h
l

r r h hd k+ + + = + +3 3
3

3 30
2

0
2

0
2

0
2p

(3)

Ôîðìóëó (3) ìîæíî çàïèñàòü â âèäå

V
l

r r h r r h= + + + +p
3

0
2

0
2

0 0( ( ) ( )).

Ýòî îçíà÷àåò, ÷òî îáúåì îäíîãî ìîäóëÿ âèíòîâîé òðóáû ðàâåí îáúåìàì
óñå÷åííûõ êîíóñîâ, ôîðìèðóþùèõ ïðÿìîé êîíôóçîðíî-äèôôóçîðíûé
ýëåìåíò.

Äëÿ âû÷èñëåíèÿ ïëîùàäè ïîâåðõíîñòè, çàäàííîé ïàðàìåòðè÷åñêèìè
óðàâíåíèÿìè x x s t y y s t z z s t= = =( , ), ( , ), ( , ), èñïîëüçóåì ôîðìóëó [8]

S EF G dsdt
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.

Òàê êàê ïîâåðõíîñòü âèíòîâîé òðóáû îïèñûâàåòñÿ óðàâíåíèÿìè

x r s h t y r s h t z bt s= + + = + + = +( ) , ( ) ,0 0a acos sin ,
òî

E F r s h b G b= + = + + + =a a2
0

2 21, ( ) , .

Òîãäà

S r s h b b dsdt
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= + + + + - =
-
òò dt r s h b b ds

l

l

d

k

( )(( ) )a a
p

2
0

2 2 2

0

2

1

= + + + +
+

+ +
-
ò

2 1

1

2

0
2

2 2

2 0
p a

a
a a

a
a( ) ( ).r s h

b
d r s h

l

l

d

k

À.Ã. Áàãîóòäèíîâà, ß.Ä. Çîëîòîíîñîâ

80



Âîñïîëüçóåìñÿ ôîðìóëîé

x a dx x x a a x x a C2 2 2 2 2 2 21
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Ïðè b = 0 ôîðìóëà (4) ïðåîáðàçóåòñÿ ê âèäó

S r h h l h ld k= + + + +æ
è
ç ö

ø
÷p )(2 0

2 2 2 2 ,
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÷òî ñîâïàäàåò ñ èçâåñòíîé ôîðìóëîé ïëîùàäè ïîâåðõíîñòè ïðÿìîãî êîíôó-
çîðíî-äèôôóçîðíîãî ýëåìåíòà.

Ââåäåì îáîçíà÷åíèÿ: R r h L h l L h ld d k k0 0
2 2 2 2= + = + = +, , .

Òîãäà ôîðìóëû (3), (4) ìîæíî çàïèñàòü â âèäå:
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. (6)

Ýêâèâàëåíòíûé äèàìåòð òðóáíîãî ïðîñòðàíñòâà

d
V

S
eqv = 4

,

ãäå V, S âû÷èñëÿþòñÿ ïî ôîðìóëàì (5), (6).
2. Ýêâèâàëåíòíûé äèàìåòð ìåæòðóáíîãî ïðîñòðàíñòâà. Ïëîùàäü ñìî-

÷åííîé ïîâåðõíîñòè ñ ó÷åòîì òîëùèíû ñòåíêè d îïðåäåëÿåòñÿ ïî ôîðìóëå

S Rl S0 12= +p , (7)

ãäå S 1 âû÷èñëÿåòñÿ ïî ôîðìóëå (6) ïðè r r0 1= , R R0 1= , çäåñü r r1 0= +d,
R R1 0= + d.

Îáúåì ìåæòðóáíîãî ïðîñòðàíñòâà ñ ó÷åòîì òîëùèíû ñòåíêè d

V R l
l

r r h h0
2

0
2

0
2

3
3 3= - + + + +p p d d( ( ) ( ) ). (8)

Òîãäà ýêâèâàëåíòíûé äèàìåòð ìåæòðóáíîãî ïðîñòðàíñòâà

D
V

S
eqv =

4 0

0

,

ãäå S 0 è V0 âû÷èñëÿþòñÿ ïî ôîðìóëàì (7), (8).
3. Ðàñ÷åò ýêâèâàëåíòíûõ äèàìåòðîâ â àïïàðàòå òèïà «òðóáà â òðóáå»

ñ âèíòîâûì òåïëîîáìåííûì ýëåìåíòîì. Ãåîìåòðè÷åñêèå ðàçìåðû (ìì)
óêàçàíû íà ðèñ. 4.

Èìååì:

R = 0 032, ì; r0 0 0065= , ì; h = 0,003 ì; d = 0,0015 ì; ld = 0 015, ì; lk = 0 03, ì.

Âû÷èñëèì

l l ld k= + = 0 045, ì; R r h0 0 0 0095= + = , ì;
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L h ld d= + =2 2 0 0153, ì; L h lk k= + =2 2 0 0301, ì; b = »0 045

2
0 007166

,
,

p
ì;

V
l

r r R R= + + = × -p
3

91538 100
2

0 0 0
2 6( ) , ì3; S = 0 0023, ì2;

V R l
l

r r h h0
2

0
2

0
2 4

3
3 3 1319 10= - + + + + = × -p p d d( ( ) ( ) ) , ì3;

S 1 0 0027= , ì2; S Rl S0 12 0 0118= + =p , ì2.

Òîãäà ýêâèâàëåíòíûé äèàìåòð òðóáíîãî ïðîñòðàíñòâà

d
V

S
eqv = =4

0 016, ì.

Ýêâèâàëåíòíûé äèàìåòð ìåæòðóáíîãî ïðîñòðàíñòâà

D
V

S
eqv = =

4
0 0450

0

, ì.

Âûâîäû. Ïðåäëîæåíû ôîðìóëû äëÿ âû÷èñëåíèÿ ýêâèâàëåíòíîãî äèà-
ìåòðà òðóáíîãî è ìåæòðóáíîãî ïðîñòðàíñòâà â àïïàðàòå òèïà «òðóáà â òðóáå»
ñ âèíòîâûì òåïëîîáìåííûì ýëåìåíòîì. Ðåçóëüòàòû äàííîé ðàáîòû ìîãóò
áûòü èñïîëüçîâàíû ïðè ïðîåêòèðîâàíèè è ðàñ÷åòàõ íîâîãî òåïëîîáìåííîãî
îáîðóäîâàíèÿ.
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THE DEFINITION OF THE EQUIVALENT DIAMETER OF PIPE
AND ANNULUS IN THE APPARATUS WITH A SPIRAL
HEAT-EXCHANGING ELEMENT

The results of experiments to determine the hydraulic resistance and the amount of heat
transmitted through the heat exchange surface are known to be generalized by criterion
equations in which the equivalent diameter is used as the characteristic size. The paper
describes the method of calculating the equivalent diameter of the tube and tube space
in  the  apparatus of the «pipe in a pipe» with a screw heat exchanger element. The results
of  this work can be used in the design and calculation of innovative intensified heat
exchange equipment.

K e y w o r d s: equivalent diameter, heat exchanger, screw pipe, screw spiral, volume,
surface.
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