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Abstract6

The experimental research of intensity of a thermal stream and distribution of temperatures7

on ribbed pure and low-purity surface of the tubular ridge convector with spiral aluminium8

ribs is spent at air free convection. Researches were spent by a method of full thermal model9

testing at specially developed experimental stand, and ring uniform pollution ribbed tubes10

was created by dense winding between ribs of a linen cord or wrapping of tube by an11

aluminium foil.It is revealed that at a free convection in tubes with a close arrangement of ribs12

of pollution of intercostal space at the basis ????????? does not lead to essential decrease in a13

heat rating (less than 1014

15

Index terms— bimetallic ribbed tube, convector, pollution, heat rating at air free convection.16
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Abstract-The experimental research of intensity of a thermal stream and distribution of temperatures on ribbed22
pure and low-purity surface of the tubular ridge convector with spiral aluminium ribs is spent at air free convection.23
Researches were spent by a method of full thermal model testing at specially developed experimental stand, and24
ring uniform pollution ribbed tubes was created by dense winding between ribs of a linen cord or wrapping of25
tube by an aluminium foil.26

It is revealed that at a free convection in tubes with a close arrangement of ribs of pollution of intercostal space27
at the basis ????????? does not lead to essential decrease in a heat rating (less than 10 %), and the decline to28
give heat properties of a tube occurs only at pollution of cops ribbed (on 20,5 %). The temperature on altitude29
of a lateral surface of a rib decreases slightly (less than 2 %), and on a rib cop in relation to the basis -for 6-9 %.30
Hence, at maintenance of ridge convectors of systems of heating their frequent and careful clearing of pollution31
is not obligatory.32
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? ? h ? = 16,1 ??; ! ? W = 10,3 ??, ! ? W = 19,3 ??, ! ? W = 26,0 ??, ? ? W = 51,0 ??, ! ? W =42
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Figure 1:
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????????
? ?????? ???????, ? ??? ????? ? ??????,
??????????? ?????????? ? ???????? ?????????
????????-????????? ?????????????? ???????? -
???????????, ??????? ??????????????? ?????
?????????????? ? ???????????????, ?????????
????????????, ???????????? ?????????????? ?
???????????????? ?? ???????????? [1, 2]. ????? ??
????? ???????????????????????????????????
???????? ????????????????????? ????????
???????????? ???????.??????????????
??????????? ????????? ????? ?? ????? ??? ??????,
??? ??????? ??????????? ??????? ????? ???? ??
???????? ? ?????, ??? ??????? ?????????????
??????? ?????? ????????????. ? ???????????
??????????? ????????? ???????????? ??????? ?? ????.
??? ???????????? ?????????? ?????????? ???????? ???

????????????- ?????????
?????????????

????????????????? ????????? ?????? ? ???????? ???????? ? ?????????? ??????????? ?????????? ?
???????? ????????????? ???????????.

????????????? ?????????? ?? ?????????? ?????? ? ???????? ???????????????????????????
????????????????????????????????? ?????????? ?????????? ??????????????? ???? ??? ??????????? ?
?????????? ?? ???????? ?????: ??????????????? ????????? ?????, ????????? ????????? ????????? ?? ?????? ?????????? [3?9].

? ?????????? ?????????? [3, 4] ??????? ?????????? ???????
?????????? ??????????? ????????? ?????? ?? ????????
???????????? ????????????? ?????????? ?????? ????? ?????????
??????????? ??????????????? ???????????????. ??????? ?
????? ???????? ??????????? ???????????? ?????? ???
??????????? ????????? ? ????????????? ???????????????. ??
?????? [4, 5] ??????? ??????????? ? ????????? ???????
????? ?? ?????????, ??? ??? ??????????? ???????????
?? ????????? ? ???????????? ??????? ????? ? ???????
??????????? ????????????? ??????????? ? ??????? ???????
???????? ???????????? ? ????? ??????????? ?????????????
?????????????. ?????? ???????? ????????????????? ????????????
[10, 11] ????????????? ????????? ?????????? ?????????? ??
??????????????? ????????? ???? ? ???????????

?????????, ???????????, ???????? ???????? ??? ???????????? ??????? ????????? ?? ?????????? ??
???????????? ????????? ???????. ???????? ??????????? ????????? ????????????

????????????? ?? 12% ??? ??????????? ?????????.

[Note: Author: ?ssistant professor Sukhotski A. B., Ph. D. student ?. S. Danil’chik, Belarussian state
technological university. e-mail: alk2905@mail.ru I.B]

Figure 3: ??????????? ???????????? ??????? ??? ????????? ????????? ???????. ????????????
??????????? ??????? ??????? ????????? ????????????? ?? ?????????? ?????????????
????????????????? ??????, ? ????????? ??????????? ??????????? ?????????? ?????
??????????? ????? ??????? ??????? ????? ??????? ???????? ????? ??? ????????????
????? ??????????? ???????.

3
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(?? 20,5%). ??????????? ?? ?????? ??????? ???????????
????? ??????????? ????????????? (????? 2%), ? ??
???????? ????? ?? ????????? ? ????????? -?? 6-9%.
?????????????,

Figure 4: ??????????, ??? ??? ???????????? ????????? ? ?????? ? ?????? ?????????????
????? ??????????? ???????????? ???????????? ? ????????? ????????? ?? ???????? ?
????????????? ???????? ???????? ???????? (????? 10%), ? ????????? ????????????? ???????
????? ?????????? ?????? ??? ??????????? ???????? ?????????
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??????????? ????? ????????????? ?????? ??????????????
???????? 7 ?????
??????????

??????? ???????????? ????????????? ?????????? ?????, ?????????
???????????? ????
????? ??

??????????????? ????? ? ????????? ??????????? ??????? ??????????
45º. ????????? ????

???????????? [12?15] ??? ??????????? ??????? ???????? ? ?????????
????? ?????
??????????

?????, ?????????????????? ???????. ???????, ??????, ???? ?????? ? ???????????? ????????????? ????????? ?????? ? ?? ???????????? ????????????????? ????????????? ?????????? ?? ?????????? ?????? ? ???????????? ??????????? ??????????????? ????? ??? ????????? ????????? ???????. ????? ?? ????????
????? ?? ????????
?????????? ?????,
??????, ??? ??????
???????? ?????
???????????? ????
??????????. ?????
?? ???????????
?????, ????????????
? ?????? ?????,
???????????? ??????
????-??????????????
????????? 8 (???????
??????? 0,2 ??)
? ????? 3,65 ??
?? ????????? ??
?????? 3,65 ?? ?
????????? ??????????
??????????? ??
????????

II. ???????? ????? ????? (???. 1, ???????
I). ??????????????

???????? ??????????????? ????????? ????? ?? ??????????? ???????????? ???????? ????????? ???????. ???????? ????????? ???????? -??????????? ????? ?Ð?”1?, ???????? ??????? ????? - ????????? ????
?????????????
? ?????????
0,1°?. ????????
??????? ??????????
????? ????????
???????????????
???????? 9 ????????
????????? d

???????????? ????? ??10. Ð?”?????? ??????? ?????
d ? = 25 ??, ??????? ?????? ? = 2 ??.

???????????? ??????????? ??????? ???????
????????? ????????????? ?? ??????????
????????????? ? [16] ????????????????? ?????? ???
???????????? ????????-????????????? ???????????. ?
?????? ????????? ?????? ???????? 0,8×0,8×1 ?
??????????? ??????????? ?????????? ?????, ???????
???????? ???????????? ? ?????????????? ??????????
?????????.

??????????? ??????? ?????-
???????????

???????????? ?? ???. 1. ?????? ???????????????
????????? ????? 1, ????????? ????, ??????????
????????? ?????????????????? (???) 2 ?? ??????????
???????????: ??????? ? 12,5 ??, ????? 320 ??,
???????? 320

??.
?????? ???????? ????,

???????????? ?? ???????????? ???? ?, ?????????
??????? 3 ?? ????????? ? ??????? ?????????
?????????????? ? ??????????? (??????????????????
???????? ????? ???). ? ??????? ?????????????
?????? 4 ?????????????? ???????????
???????????? ???? ? ?????. ? ? ????? ??????????
?????????? ???????????? ????? ??????? ?
???????????? ???????? ????????? ????? ?????
????? ? ???????? ??????? ?????, ?????????
????????? ????? 5 ?????????? ???????? 0,16?0,32
??. ????? ?????? ?????????????????
??????????????????? ??????????? ???????? 6.

Ð?”?? ????????? ??????? ???????????
??????????? ??????????? ? ????????? ????? t ???
?????????????? ??????? ???? ????-

Figure 5: ??? ???????????? ????????? ??????????? ?????? ????????? ?? ??????????? ??
?????? ? ?????????? ??????? ?? ???????????.
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????????? ????????????????????????
?????????? ?????? ???
??????????? ???????
?????
?????????. ??? ????????????????????
???????????? ???????????
???????? ????????
???????? ????????? ??
55%.
??? ?????????????????????
?????????????? ?????
????????? ?????????????
???????? ????????
?????????? ????? ?
????????
????????? ??????? ?????
????????? ??????
???????? ????????? d =
56 ?? (?? ???. 3
???????????? ? ???? ???????????????),
???????????? ?? [17]. ???
?????, ????????
???????? ??????
?????????? ????? ?
???????
????? ???????????,??? ????????????
????????????? ??
??????????? ??????
????? ?
???????? ?????.
0 -???????

?????????? ??????????? ? ????????? ?????????
??? ???????????? ?????????? ?????. ???
?????????? ? ??????????? ????????????
???????????? ??????? h ? = h = 14,6 ??, ?
??????????? ???????????????? ????????

?
??????????? ? ??????????? ?? ???????
??????????? ?? ??????????? ?????.

??? ?????, ??? ?????? ??????????? ??????
?????? ????? (h ? < h = 14,6 ??), ????????
???????? ????? ??????????? ?????????????
(????? 10%). ??? ?????? ???????? ?????????
????? ??????????? ?? ???????? ?????
(h ? = 16,1 ??) ???????? ???????? ???????????
?? 20,5%. ??-????????, ??? ??????????? ???, ???
??? ???????????? ????????? ? ?????? ? ??????
????????????? ????? ? ???????????
???????????? ? ????????? ????? ?????? ????????
??????????? ??????????? ? ????????
???????????? ??????????, ? ???????? ?????
????????? ?????? ?????????????? ? ????????
?????????. ??????? ??????????? ????????????
???????????? ? ????????? ????????? ?? ???????? ?
????????????? ???????? ???????? ????????, ?

Figure 6:
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(???. 1, ??????? I). ?????????? ?????? ?? ???????
???????? ??????? ??????? ?????? ? ????????????
???????? ????????????????????? (????
?????????? ??????? ??????????? t ? ????????????
??????????? ????????? ????????????).

(t ? -t 0 )/q, (? 0 ?)/??
0,55 h ? =0 ??; h ? =6,3 ??; h ?

=3,3
??; h
? =8,7
??;

0,9 W=19,3
??;

0,50 h ? =11,4 ??; h ?
=16,1
??.

0,8 W=26,0
??;

W=51,0
??;

0,45 0,7
W=77,5
??;

0,40 0 4 8 12 h,
??

0,6 0 4 8 12

Figure 7:
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12. ??????? ?.?., ??????
?.?., ???????? ?.Ð?”.,
????????? ?.?.,
????????? ?.?. ???????
???????? ???????????
?? ?????????????
????????????? ???????????????????

?????????? ????????? ????????????????? ??????-?????? ????????????? ????????? ?????? ? ????????????? ?????????? ?? ?????????? ?????? ? ???????????? ??????????? ??????? ????? ??? ????????? ????????? ???????. ??? ??????????? ?????????? ??????????? ?????? ? ????????? ????? ???????? ???????? ????????????? ????? ??????????? ????? ??? ?? 10%. ?????????? ??????????? ???????????? ???????????? ??????????? ???????? ????????? ???????? ???????? ????? ??? ? ??? ????. ?????????????, ??? ???????????? ????????? ????????? ??????????? ?? ??????????? ?? ?????? ? ?????????? / 13.
Ð?”?????????????????
????????????? ????????
???? ????????? ????
????????? ?????? ?
???????? ????????????
??????????? ???????
??????????????????
??????????????? /
14. ???????? ?.?.
????????????? ???????

?????????? ??????? ?? ???????? ??????????? ????????? ????????????????????
??????? ???????????. ????????????????

???????????
????????????

?????????? 1. ??????? ?. ?., ????? ?. ?. ?????????. ?.: ???, 2008. 2. ?????? ?. ???????????? ???????: ??????? ? ?????????. ?.: ?????????? ??????????, 2006. 3. ??????, ?. ?. ???????? ? ???????????????? ??????? ?????????? ??????????????? ?????????? ?????????? / ?. ?. ??????, ?. ????????. ???.: ???????????????, 1992. 4. ?????? ? ???????? ?????????? ???????????: ??????? ? ?????? / ?. ?. Ð?”???????? [? ??.]. ?.: ??????????????, 1982. 5. Bott, T. R. Fouling of Heat Exchangers / T. R. Bott. ???????????? //
???????? ??????? ?
?????? ????????????
?????????????
???????????????
????????? ????
????????? ??????????
?????????? ?
?????????????
??????? ????????????
// ??????????.
???????? ??????
??????? ?????????
? ??????????????
??????????? ??Ð?”.
2017. ?. 60. ? 3. ?. 237-
255. 16. ??????? Ð?”.
?. ?????????????????
????? ??? ????????????
???????? ?
????????????????
????????? ????????-
?????????????
???????????
??????????????? ???? ?
?????? /

Amsterdam: Elsevier, 1995.
6. Müller-Steinhagen, H. Heat Exchanger Fouling.
Mitigation and Cleaning Technologies / H. Müller-
Steinhagen. Essen: PUBLICO Publications, 2000.
7. ?????? ?????????????? ?????????????
????????? ?????????? ??????????/ ?. ?.
?????? [? ??.] // ?????????? ???????. 2015. No
4. ?. 7-13.
8. ?????? ??????? ? ??????????????
??????????????? ?????????? ??????????:
?????????? / ??? ???. ???. ?.?.???????,
?.?.??????????. ???.: ?????, 1996.
9. ????, Ð?”. ???????? ??????????? ??????????? /
Ð?”. ????, ?. ?????. ?.: ???????, 1977.
10. ???????????? ?. ?. ???????????????? ???
???????????? ????????? ??????????
?????????? ?? ????????????? ????????????.
??????????? ????. ???????????. ???, 2002.
11. ???????? ?. ?. ?????????
??????????????????? ?????? ?????????? ????
?? ????????????? ????????. ??????????? ????.
???????????. ???, 2010.
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