2013 | Cpoms, . resimst, vonorm_wsseascns e, surs oo N 2 (13)
VIK 521.1
NON-STATIONARY TEMPERATURE FIELD
IN A TUBE SURROUNDING ENVIRONMENT
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ABSTRACT

In article developed methodology allows to
determine the heat flux size from tube surround-
ing environment to the heat carrier (liquid in tube
with a low boiling temperature). Such an opera-
tion principle is realized in heat pumps. Heat flow
is generally declines over time as the environment

OBJECTIVE OF THE ARTICLE

Heat flux depends on many factors, includ-
ing the surrounding environment thermophysi-
cal characteristics, environmental heat supply
possibilities from the farthest surrounding envi-
ronment regions, as well as temperature changes
(environmental long-term cyclic mode change).
[1,2]

The study found non-stationary temperature
field calculation expression in an environment
that includes cylindrical tube where the coolant is
flowing with a constant temperature T,..

Non-stationary temperature Ti(r,T) field in
environment setting with a cylindrical tube Fig.1,
which filled with a special liquid, at a constant
temperature T, describes [3] the thermal conduc-
tivity equation in polar coordinates:

8Ty (r,7)
dr
where @ — coefficient of thermal conductivity,

=aVP N 1), (D

m=

]

On the border r = r  heat exchange between the
liquid and the environment r > r, proceeds in ac-
cordance with Newton’s Law:

AT (ry; T)

1 1Wfpred

ar
where @ — local heat convection coefficient,

= —G:’[T.:. -0 ::'-'"c-l T:I].l (2)

temperature falls. In article obtained mathemati-
cal expressions allows to determine a reduction of
flows, temperature field changes in the environ-
ment surrounding the tube and in whole system.
Obtained expressions allows to identify and pre-
dict the heat pump output changes at the time.

b

A - coefficient of thermal conductivity, _:{

Ty - temperature of the liquid inside tube, & .
Temperature at the start moment:

T, (r;0) = T... (3)

rll
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Fig.1 Cylindrical tube cross-section.

[4, 5].

At a distance from the axis of the tube tem-
perature is constant:
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T (o0;7) = ... (4)

Dimensionanless variables parameters are en-
tered [3]:

T I _a T _8

To =P TE' T Tl:' o (5)
ar o ar

F=—;,; Bi=—02
Ty A

From (1-4) is obtained:

86y(p; F) 8%6y(p; F) L 108, (p; F)

GF dp? p op ©
5'5'1 :l; F:‘ . r )
T = Bi [l — '5'1 -__l.'- -F)']-' (7)
6y (p;0) = 8..; ®)
8, (e0; F) = ... ©)

Solved by using the Laplace transformation
[3]1[6]:
8, (0, ) =J e*F @, (p, F)dF. (10)
|:.
Using the Laplace transformation (10), from
(6-9) is obtained:

ﬂ_'ﬂi +lﬂ"5|-_|_ é —_@
dp?  pdp PP = 7 (11)
d8y(1;p) [l — ]

. = —FBi|-—8(1:p).

dp p Pl r) (12)

Equation (11) is the inhomogeneous Bessel
differential equation [7]. The general solution ex-
pressed in [8] with the first and second type Mc-
donald (Bessel) functions /3{z) and Ky(z):

= . - - — - — 'sl-x
'5'1 :_,'::‘_'.';t}) = C-l.lrc.:__,':‘\."';t})l + C:.I[{E.:__,Q\."I}) +?- (13)

Solution must be final, where o = @2, So that
lim; e II}::_E:' =0, itmustbe £y =0,

Therefore, from (13) obtained:
- P .
6y (p;p) = C:Kyl(pyp) + o (14)

Using the boundary conditions (12) and equa-
tion [8], if K;(z) = —K;(z), we obtain:

o — — . l - l5'-:1:
Ca K I\\-"'P’J\-"F‘ = —FBi [; - Cf‘[{ﬂl\\-’@ - ?]’ (15)

from witch is expressed constant:
- Bi(l1—a.)

i T}[Bf‘[{ﬂ-l:\-"a - \-"EH‘l (\Ej] (16)
Inserting the calculated constant into the ex-

pression (14) we can obtain the searched temper-
ature picture:

Bi(1—0..)Kq(p\p)
Biky(/p) - ok (y2)l (17)

Original temperature expressed in [3], [6] as
follows:

- 1
a :p,*p) =- [@,_c +
1 P

.J’J Ky [p\-"EJEpF
——— ——— —dp.
T}[BIHEL\-’”F}J —/PKy L\'F}]]

(18)

¥—jew

Integral along a straight line Ee p = ¥, where p
is a complex number p = ¥ + jw can be expressed
as [3], [6] the integrals along the straight line AB
and the circle = E&e’¥* bows BB’F and CA’A,
along the cut line Fig.2 EF upper edge and lower
edge of the CD, and in small circle line p = re’¥,
which together form the closed contour.

B'd g
ﬁ

~ .
y+joo
A

CH2

Fig.2  Integration circuit. [4, 5].

The integral over the straight edge AB is equal
to sum of integrals over all other parts of the cir-
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cuit, as underintegral function is inside of analyti- Here, using the relationship:
cal expression. Calculating the integrals, where
R — oo and v — 0 are obtained integral required K (,e_j':—' | =K, (+jz) =
for formula (18). '
L P — Tz ) =
J" HE‘ LP\-’IPJE:J:- . i?_j'E‘ e [_Jr‘..' \Z) + Y‘_.‘ .__Z,l]_, (22)
—— ————dp = N .
i ;t:r[B:’f(' 0 L\.-",t.‘-'J — ./ pKy L\.-"p]] where [,{z) and ¥,(z) is the first and second
y+jw

cin( o[ ] )-saf o
! Cr

\EE'F FE DC cd'A
Integrals along the major arc of a circle BB’F
and CA’A if E — o2, equal to zero. _
On the small circle p =re!¥; dp = re/¥jde.
We can calculate:

lim J HE [’GK'IEJE:J:
ro [B KC L\, I}J

————=dp =
\-'Ir""[{‘l L\I}:l]

o N L
Kol pvrel®)em™®
rel¥ jdg~

lim

] rel? [Biky(Vrel®) —\Trel® K, (Vrel®)]

—

In
Yo
= =13 g~
p__

lim
p—=0

Biln

'-T”-—.__ll_'u

-

T

PR
Lzl’é-EI 509 B (20)

Let us donate the line EF [3]:

-

p=utel™ = —ul; = dp =ueduy; \[p =ue’z = ju

From (19) obtained:

- 0o

. J’ J’ HE- [P\'—'F}J Gl ,

lim | = ——— ——— ——dp =

R EF o I}[B: HE"\\'..FJ - \'.II}H']. L\-’II}J]
Ko(jup)e ™ F 2uei™du _

J ulel™[BiK,(ju) — juk,(ju)]

o

S _iF Kq(jup) du
‘_EI ¢ Biky(ju) — juky(ju) u

, J s ~Jolpu) +j-Yo(pu) du
- =Bify(w) =)y () + j[Bi¥,(w) + u¥y (u)] u
C.

. (21)

kind Bessel’s functions.

In underintegral expression will find real and
imaginary parts. Therefore, get rid of imaginarily
part of the denominator by multiplying the nu-
merator and denominator by the denominator
complex related expression. We can introduce
terms:

BiJy(uw) + wfy(u); (23)

¥(u) = Bi¥y(uw) + uly(u); (24)

p(u) =

04 (1) = Ta ::;,QH:I[B!'_;'E_ (1) + ufy ()] +
+Y,(pw) [BiYy(w) + u¥y(w)]; (25)
¥ (u) = =Y, (pu)[Bify(w) + uwfy ()] +

+/o(p)[BiYy (1) + u¥;y (u)]. (26)

Using expressions (23-26), the integral 21, can
be written as follows:

J’ - J’ T | I:'ll:.l + ¥ :::'1-1:1 du
== g =" Froy R
o 2 e{u)+ F(u) u 27)
Let us denote on the line CD [3]:
p=ulel™ = —u% = dp = 2ue"du; \[p =
1{3_"'“:_. = —Jil'-u
Analogically, as (21-27) we can get:
J’ 5 J’ —pip I:'ll:.l + ¥ :::'1-1:1 du

- - g 2y R

e{u)+¥F(u) u (28)

cn o

Inserting the calculated integrals formulas 18
and 19, acquires temperatures expression in envi-
ronment surrounding tube:

+oo

4 -

+—j J g ¥ F
2mj

|:.

() du
E .\1 - Jllﬂ PN — (29)
@ {u)+ ¥ {u) u

or
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5 h il Using the Laplace transform expression was
8 (pFl==1+ :J T S S (29) derived temperature field calculation expressions
- 20 TR - : :
T : p(u)+¥(u) u in tube surrounding environment.
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