
67Íàóêîâ³ ïðàö³ ÍÓÕÒ ¹ 45

ÒÅÏËÎ- ÒÀ ÅÍÎÐÃÎÏÎÑÒÀ×ÀÍÍß

ÓÄÊ 536.423.4

Î. Ô. Áóëÿíäðà, ä-ð. òåõí. íàóê
Ä. ª. Ñ³íàò-Ðàä÷åíêî,
 êàíä. òåõí. íàóê
Ë. Ñ. Ãàïîíè÷, êàíä. òåõí. íàóê
Íàö³îíàëüíèé óí³âåðñèòåò
õàð÷îâèõ òåõíîëîã³é

ÑÏÐÎÙÅÍÈÉ ÌÅÒÎÄ
ÂÈÇÍÀ×ÅÍÍß ÒÅÏËÎÂ²ÄÄÀ×²
ÏÐÈ ÏË²ÂÊÎÂ²É ÊÎÍÄÅÍÑÀÖ²¯
ÂÎÄßÍÎ¯ ÏÀÐÈ

Íàâåäåíî ìåòîäèêó ðîçðàõóíêó òåïëîâ³ääà÷³ ïðè ïë³âêîâ³é êîíäåíñàö³¿ ñóõî¿
íàñè÷åíî¿ íåðóõîìî¿ âîäÿíî¿ ïàðè ïðè ëàì³íàðíîìó ³ çì³øàíîìó ðåæèìàõ ðóõó ïë³âêè
ç óðàõóâàííì ïîïðàâîê íà õâèëüîâèé ðóõ êîíäåíñàòó òà çì³íí³ñòü éîãî ô³çè÷íèõ
âëàñòèâîñòåé ç òåìïåðàòóðîþ. Äëÿ ñïðîùåííÿ ðîçðàõóíê³â ïðîïîíóºòüñÿ âèêîðèñ-
òîâóâàòè óçàãàëüíåí³ òåìïåðàòóðí³ çàëåæíîñò³ êîìïëåêñ³â òåïëîô³çè÷íèõ ïàðà-
ìåòð³â êîíäåíñàòó â ä³àïàçîí³ òåìïåðàòóð íàñè÷åííÿ â³ä 20 äî 300 îÑ: À = åõð
(aln2ts+blnts+c), B 103  = (d/ts

2+e/ts+f)-1, äå ts � òåìïåðàòóðà íàñè÷åííÿ. Çíàéäåíî
êîåô³ö³ºíòè a, b, c, d, e, f ó öèõ çàëåæíîñòÿõ äëÿ ³íòåðâàë³â òåìïåðàòóð íàñè÷åííÿ,
õàðàêòåðíèõ äëÿ êîíäåíñàòîð³â � 20�100 oC, îïð³ñíþâàëüíèõ òà âèïàðíèõ
óñòàíîâîê � 100�300 oC, à òàêîæ àïàðàò³â õàð÷îâèõ òåõíîëîã³é � 60�160 oC.
Ãðàíè÷í³ â³äíîñí³ ïîõèáêè íå ïåðåâèùóþòü dÀ=2,5 %, dÂ103=1,8 %. Ðåêîìåíäóºòüñÿ
âèêîðèñòîâóâàòè îòðèìàí³ çàëåæíîñò³ ïðè ðîçðàõóíêàõ îïð³ñíþâàëüíèõ ³ âèïàðíèõ
àïàðàò³â, êîíäåíñàòîð³â òà ð³çíîìàí³òíèõ òåïëîîáì³ííèõ ïðèñòî¿â.

Êëþ÷îâ³ ñëîâà: òåïëîâ³ääà÷à, ïë³âêîâà êîíäåíñàö³ÿ, âîäÿíà ïàðà, òåïëî-
ô³çè÷í³ ïàðàìåòðè, òåìïåðàòóðà íàñè÷åííÿ.
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Êîíäåíñàö³ÿ ïàðè ÷àñòî çóñòð³÷àºòüñÿ íà ïðàêòèö³ � ó êîíäåíñàòîðàõ ïàðîâèõ
òóðá³í ïàðà êîíäåíñóºòüñÿ íà îõîëîäæóâàíèõ òðóáàõ, êîíäåíñàö³ÿ ïàðè çä³éñíþºòüñÿ
â îïð³ñíþâàëüíèõ òà âèïàðíèõ óñòàíîâêàõ ³ ÷èñëåííèõ òåïëîîáì³ííèõ àïàðàòàõ.
Òåïëîîáì³íí³ àïàðàòè, ïåðåäà÷à òåïëîòè â ÿêèõ ñóïðîâîäæóºòüñÿ êîíäåíñàö³ºþ ïàðè
íà îõîëîäæóâàíèõ ïîâåðõíÿõ, º íåâ³ä�ºìíîþ ÷àñòèíîþ òåïëîâèõ, ÿäåðíèõ, åíåð-
ãåòè÷íèõ, õîëîäèëüíèõ, õ³ì³÷íèõ óñòàíîâîê, à òàêîæ ð³çíîãî ðîäó òåïëîâ³äâ³äíèõ
ïðèñòðî¿â, ùî çàñòîñîâóþòüñÿ â òåõí³ö³.

Äëÿ ðîçðàõóíê³â òåïëîâ³ääà÷³ ïðè ïë³âêîâ³é êîíäåíñàö³¿ íåðóõîìî¿ âîäÿíî¿
ïàðè â êîíäåíñàòîðàõ íà âåðòèêàëüíèõ òðóáàõ ³ ïîâåðõíÿõ òà íà ïîâåðõíÿõ ãîðè-
çîíòàëüíèõ òðóá âèêîðèñòîâóþòüñÿ ð³âíÿííÿ [1, 2]:
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 Äëÿ âåðòèêàëüíèõ ïîâåðõîíü Ñ=0,943, äëÿ ãîðèçîíòàëüíèõ òðóá Ñ=0,728. Ïðè
ðîçðàõóíêàõ òåïëîâ³ääà÷³ ïðè ëàì³íàðíîìó ðóñ³ ïë³âêè êîíäåíñàòó íåîáõ³äíî âðàõî-
âóâàòè ïîïðàâêè íà õâèëüîâèé ðóõ êîíäåíñàòó ev òà çì³íí³ñòü ô³çè÷íèõ âëàñòèâîñòåé
êîíäåíñàòó ïî òîâùèí³ ïë³âêè ç òåìïåðàòóðîþ eT. Ïîïðàâêó íà õâèëüîâèé ðóõ ìîæíà
ðîçðàõóâàòè ev = Red

0,04, ïîïðàâêó íà çì³íí³ñòü ô³çè÷íèõ âëàñòèâîñòåé êîíäåíñàòó �
eT=[(lc/ls)

3 ms/mñ]
-1, äå ls, lc � òåïëîïðîâ³äí³ñòü êîíäåíñàòó ïðè òåìïåðàòóðàõ íàñè÷åííÿ

ts òà ñò³íêè tñ, â³äïîâ³äíî; ms, mc � â�ÿçê³ñòü êîíäåíñàòó ïðè òåìïåðàòóðàõ íàñè÷åííÿ
ts òà ñò³íêè tñ, â³äïîâ³äíî.

 Çíà÷åííÿ êîìïëåêñ³â À ³ Â äëÿ âîäè â ä³àïàçîí³ òåìïåðàòóð â³ä 20 äî 300 îÑ
íàâåäåíî ó òàáëèö³ [3]. Ñóòòºâî ñïðîñòèòè ðîçðàõóíêè êîåô³ö³ºíòà òåïëîâ³ääà÷³ ïðè
êîíäåíñàö³¿ âîäÿíî¿ ïàðè ìîæå âèêîðèñòàííÿ òåìïåðàòóðíèõ çàëåæíîñòåé êîìïëåêñ³â
òåïëîô³çè÷íèõ âëàñòèâîñòåé êîíäåíñàòó À ³ Â. Äëÿ öüîãî íàìè ïðîïîíóþòüñÿ ïðîñò³
â çàñòîñóâàíí³ çàëåæíîñò³:

 À = åõð (aln2ts+blnts+c),
 B 103  = (d/t

s
2+e/t

s
+f)-1.

 Ïðè êîíäåíñàö³¿ âîäÿíî¿ ïàðè ï³ä òèñêîì ïàðè íèæ÷å àòìîñôåðíîãî
(ts = 20�100 oC) êîåô³ö³ºíòè â çàëåæíîñòÿõ íàñòóïí³: a = 0,30468, b = -0,88518,
c = 1,5583, d = -649,51, e = 84,564, f = -0,136. Ãðàíè÷í³ â³äíîñí³ ïîõèáêè
dÀ=1,1 %, dÂ 103=1,2 %.

 Çà òèñê³â âèùå àòìîñôåðíîãî (ts = 100�300 oC) êîåô³ö³ºíòè íàñòóïí³:
a = 0,11315, b = 2,93166, c = -7,1655, d = -1146,91, e = 91,224, f = -0,1608.
Ãðàíè÷í³ â³äíîñí³ ïîõèáêè dÀ=2,5 %, dÂ 103=1,8 %.

 Ó õàðàêòåðíîìó äëÿ õàð÷îâèõ òåõíîëîã³é ³íòåðâàë³ òåìïåðàòóð íàñè÷åíî¿
âîäÿíî¿ ïàðè ts = 60�160 oC: a = 0,09796, b = 0,8917, c = -2,252, d = -433,84,
e = 81,2, g = -0,1272. Ãðàíè÷í³ â³äíîñí³ ïîõèáêè dÀ=1,0 %, dÂ 103=0,7 %.

 Âèñíîâêè. Îòðèìàíî ðîçðàõóíêîâ³ çàëåæíîñò³ êîìïëåêñ³â òåïëîô³çè÷íèõ
âëàñòèâîñòåé êîíäåíñàòó â³ä òåìïåðàòóðè íàñè÷åííÿ. Âèêîðèñòàííÿ îòðèìàíèõ
òåìïåðàòóðíèõ çàëåæíîñòåé ñóòòºâî ñïðîùóº ðîçðàõóíêè òåïëîâ³ääà÷³ ïðè ïë³âêîâ³é
êîíäåíñàö³¿ íåðóõîìî¿ âîäÿíî¿ ïàðè â ä³àïàçîí³ òåìïåðàòóð íàñè÷åííÿ â³ä 20 äî 300 îÑ.
Îòðèìàí³ çàëåæíîñò³ ðåêîìåíäóºòüñÿ âèêîðèñòîâóâàòè ïðè ðîçðàõóíêàõ îïð³ñíþâàëüíèõ
³ âèïàðíèõ àïàðàò³â, êîíäåíñàòîð³â òà ð³çíîìàí³òíèõ òåïëîîáì³ííèõ ïðèñòî¿â, ïåðåäà÷à
òåïëîòè â ÿêèõ ñóïðîâîäæóºòüñÿ êîíäåíñàö³ºþ ïàðè íà îõîëîäæóâàíèõ ïîâåðõíÿõ, �
òåïëîîáì³ííèê³â ÿäåðíèõ, åíåðãåòè÷íèõ, õîëîäèëüíèõ, õ³ì³÷íèõ óñòàíîâîê, à òàêîæ
ð³çíîãî ðîäó òåïëîâ³äâ³äíèõ ïðèñòðî¿â, ùî çàñòîñîâóþòüñÿ â òåõí³ö³.
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Óïðîùåííûé ìåòîä îïðåäåëåíèÿ òåïëîîòäà÷è
ïðè ïëåíî÷íîé êîíäåíñàöèè âîäÿíîãî ïàðà

Ïðåäñòàâëåíà ìåòîäèêà ðàñ÷åòà òåïëîîòäà÷è ïëåíî÷íîé êîíäåíñàöèè
ñóõîãî íàñûùåíîãî íåïîäâèæíîãî âîäÿíîãî ïàðà ïðè ëàìèíàðíîì è ñìåøàíîì ðåæèìàõ
òå÷åíèÿ ïëåíêè ñ ó÷åòîì ïîïðàâîê íà âîëíîâîå äâèæåíèå êîíäåíñàòà è èçìåíåíèå
åãî ôèçè÷åñêèõ ñâîéñòâ ñ òåìïåðàòóðîé. Äëÿ óïðîùåíèÿ ðàñ÷åòîâ ïðåäëàãàåòñÿ
èñïîëüçîâàòü îáîáùåííûå òåìïåðàòóðíûå çàâèñèìîñòè êîìïëåêñîâ òåïëîôè-
çè÷åñêèõ ïàðàìåòðîâ êîíäåíñàòà â äèàïàçîíå òåìïåðàòóð íàñûùåíèÿ îò 20 äî
300 îÑ: À = åõð(aln2ts+blnts+c), B 103  = (d/ts

2+e/ts+f)-1, ãäå ts � òåìïåðàòóðà
íàñûùåíèÿ. Íàéäåíû êîåôèöèåíòû a, b, c, d, e, f â ýòèõ çàâèñèìîñòÿõ äëÿ
èíòåðâàëîâ òåìïåðàòóð íàñûùåíèÿ, õàðàêòåðíèõ äëÿ êîíäåíñàòîðîâ � 20�100 oC,
îïðåñíèòåëüíûõ è èñïàðèòåëüíûõ óñòàíîâîê � 100�300 oC, à òàêæå àïàðàòîâ
ïèùåâûõ òåõíîëîãèé � 60�160 oC. Ïðåäåëüíûå îòíîñèòåëüíûå ïîãðåøíîñòè íå
ïðåâûøàþò dÀ=2,5 %, dÂ×103=1,8 %. Ðåêîìåíäóåòñÿ èñïîëüçîâàòü ïîëó÷åííûå
çàâèñèìîñòè ïðè ðàñ÷åòàõ îïðåñíèòåëüíûõ è èñïàðèòåëüíûõ àïàðàòîâ, êîíäåíñà-
òîðîâ è ðàçíîîáðàçíûõ òåïëîîáìåííûõ àïàðàòîâ.

 Êëþ÷åâûå ñëîâà: òåïëîîòäà÷à, ïëåíî÷íàÿ êîíäåíñàöèÿ, âîäÿíîé ïàð,
òåïëîôûçè÷åñêèå ïàðàìåòðû, òåìïåðàòóðà íàñûùåíèÿ.

O. Bulyandra, D. Sinat-Radchenko,
L. Íaponych

A simplified method of determining the intensity
 of heat transfer at the film condensation of water vapour

The article presents a method of calculating the intensity of heat transfer at
the film condensation of dry saturated immobile vapour for the laminar and turbulent
modes of film motion with regard for corrections for the wave motion of condensate
and the variability of its physical properties with temperature. To simplify calculations,
it is proposed to use the generalized temperature dependences of complexes of
thermophysical parameters in the range of saturation temperatures from 20 to 300 oC:
À = åõð (aln2ts+blnts+c), B 103  = (d/ts

2+e/ts+f)-1, where ts is the saturation tempe-
rature. There are found the coefficients a, b, c, d, e, f in these dependences for the
ranges of saturation temperature characteristic of condensers (20�100 oC), water-
desalinating plants and evaporator systems (100�300 oC) as well as apparatus of food
technologies (60�160 oC). The limiting relative errors do not exceed dÀ=2,5 %,
dÂ103=1,8 %. It is recommended to use these dependences in calculations of water-
desalinating plants, evaporator systems, condensers, and various heat exchangers.

Key words: heat transfer, film condensation, water vapour, thermophysical
parameters, saturation temperatures.
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