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CRISIS OF HEAT IRRADIATION AT BOILING OF UNDERHEATED
HYDROCARBON HORIZONTAL COILED PIPE

KELBALIYEYV R.F., ISKENDEROV M.Z.
Azerbaijan State Oil Academy

Results of study of crisis of heat irradiation at boiling of underheated toluene in the field of
pressures, close to critical in horizontal coiled pipe. Uneven sharing of the temperature of wall
on perimeter of horizontal coiled pipes at boiling of toluene is revealed. Dependencies of
critical heat flow on working parameters are established.

In steam generation devices arising of the crisis of heat irradiation and spasmodic increase of
temperature of metal is possible, and this can destroy the walls of device. There are a lot of
works dedicated to study of crisis of heat irradiation. This phenomena basically investigated
in direct pipe with saturated liquid which is located away from critical pressure [1-3]. These
studies have allowed to reveal the main rules of crisis of heat irradiation. However, study of
this complex question is not completed. Data on crisis of heat irradiation in coiled pipe for
underheated liquids in the field of pressures close to critical practically are absent, some data
is obtained for direct pipes. [4-7].

In this study some results of investigation of crisis of underheated toluene (Py= 4,24 MlIla;
t=320,8°C) in horizontal coiled pipe are given in following limits of changes of operating
conditions :

P/P=0,71-0,95; At/t,+—=0,16-0,91; pu=550 kg/(mzs); din/dex=4/6;Dpeng=110mm; /e =515mm.
The experiments were conducted on experimental plant which is flow circuit. The
Description of experimental plant and measurements of single values are provided in [4]. All
components of experimental plant are made from stainless steel of 1X18HIOT type. Even
heating the experimental area was done with the electric current of low voltage. The
temperature of liquid and walls were measured by chromel — aluminum thermocouples, with
diameters of wire 0,2 mm. In each section on length of horizontal coiled pipe temperature of
the wall was measured in lower, upper and lateral forming pipes. On fig. 1. scheme of
experimental area of horizontal coiled pipe and location of thermocouples are shown. At the
input and output of coiled pipe there are direct vertical areas, in bends a direction of liquid
motion changes and there is transition from vertical position to horizontal and from horizontal
- to vertical (fig.1).

Fig.1. The Scheme of experimental area and locations of thermocouples:
A -lead; B —plenum chamber; 21, 22 - thermocouples, located on direct
part of heated area; 1,20-thermocouples, located on external part of perimeter
turning points, atthe input and output coiled pipe; 2, 19 -thermocouples, located
on internal part of perimeter, turning points, , at the inlet and outlet of coiled
pipe; 6,10,14,17- thermocouples, located on upper generator perimeter of area;
5.,9,13,18-thermocouples, located on lower generator perimeter of coiled pipe;
3,7,11,15 — thermocouples, located on internal generator perimeter of coiled
of coiled pipe; 4,8,12,16- thermocouples, located on external generator
perimeter of coiled pipe;




On these areas of coiled pipe there are also changes in intensity of heat exchange. The
experiments were conducted under constant operating conditions, but under gradually
increasing heat flow. In each experiment heat balance was checked i.e. comparison of heat
flow counted on electric power, and flow, perceived by liquid was done. Difference between
they do not exceed 3%. The heat flow was calculated on the value of electric power,
inaccuracy of its determination was 1,8%. The Crisis of heat irradiation was fixed with
uneven increasing of the temperature of wall.

In fig.2 change of the temperature of wall in different forming sections on length of coiled
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pipe at pressures P=3,0MPa (P/P,=0,71) is shown.
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Fig.2. Change of the temperature of wall along the length of pipe in experiments with toluene under P=3,0 MIIa; pu=550
Kg/mzs, Ihea=515mm, d,,/de=4/6 mm, t.,=226°C, for different generators : a) upper, b) lower in, c) internal, d) external.
q-107°, Vt/m*: 1-0.52; 2-2.96; 3-3.18; 4-3.33; 5-3.48;6-3.64.

Under the temperature tc<ts (t;=297"C) there is convective heat exchange of monophase flow
according to which temperature of the wall is changing. Under constant operation conditions
with the increase of heat flow tc increases and at ty,>ts boiling of liquid is observed and
temperature of the wall remains constant. The stable boiling condition of liquid lasts until

r
temperature of wall increases (curve 2 fig.2a). In this experiment for the upper generator of
the pipe stable process of heat irradiation process appears at distance x/d=79 from inlet of
pipe, and other linear measures crisis of heat irradiations observed. With increase of heat flow
crisis of heat irradiation moves to inlet part of pipe and covers bigger length of coiled pipe
(curves 2-4 fig. 2a).

The general nature of change tc along length for lower generators coincides with similar

patterns established for upper generators of pipe perimeter (fig 2b).
However length of area of stable boiling for upper and lower generators of pipe slightly
differs. For instance, under q=2.96-10° Vt/m® length of area of stable boiling for lower
generator forms x/d=111, but upper - x/d=95 (the curve 2 fig.2a,b). With increase of the heat
flow a place of increasing the temperature of wall moves against movement of the liquids to
inlet elbow of coiled pipe, length of area of stable boiling decreases, but for lower generators
it is higher, than for upper. Because of that in these areas of horizontal pipe difference of
temperatures between upper and lower generators is observed. In other words, at equal terms
a crisis of heat irradiation for these generators appears not in the same section. Under higher
values of q arising of crisis of heat irradiation occurs in inlet elbow of pipe, distribution of
temperature for lower and upper generators for rest length of pipe coincides. (curve 5
fig.2a,b).

Obviously, temperatures of lateral surfaces of perimeter of coiled pipe will have other
values. On fig.2B,g changes of temperature of the wall along length of lateral surfaces for
inner and outer generator loop of pipe is presented, which is different from similar values for
upper and lower. The deterioration of heat exchange on lower, upper and lateral generators of
perimeter of horizontal coiled pipe which can be observed at stable parameters, in different
distances from inlet of pipe are well illustrated in fig.2. From these graphs it follows that in
horizontal coiled pipe at equal terms of experiment heat irradiation gets worse first at inner
lateral surfaces, and after that at upper and lower generators in different distances from pipe
inlet.

definite value of ¢ and x = after which crisis of heat irradiation appears and the



Dependency of critical heat flow upon regime parameters in area of pressures close to

those  with under heated liquids is interesting.
ke
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3 o Fig.3. Dependency of critical heat flow upon underheating
of liquid in inlet of the pipe. P=4,0 MPa; pu=550
2 KE/M?S, lhea=515mm, dip/dex=4/6 mm.
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On fig.3 dependency qw=f(At) for case P/Pi,= 0,95 is given. As it can be seen from picture,
inclination of these dependencies at lower (At <100°C) and higher (At >100°C) underheating
of liquid are different, and these must be taken into account when establishing the general rule
of heat irradiation crisis. Decrease of the value of critical heat flow with increase of liquid
pressure also is confirmed in experiments with underheated toluene (fig.4).
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Fig.4. Dependency of critical heat flow upon
2 pressure under different underheatings.

2 T pu=550 Kg/m’s, lpee=515mm, diy/dex=4/6 mm.

AL,°C: 1-276; 2-85.
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Dependency of critical heat flow upon relative enthalpy (fig.5) shows that in the area of
pressures close to critical with underheated liquid crisis of heat irradiation appears at negative
values of relative enthalpy of toluene.
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Fig.5. Dependency of critical heat flow upon

steam content (the relative enthalpy).
P=4,0 MPa; pu=550 kg/m’s, le,=515mm,
diy/dex=4/6 mm.
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Obtained results show that study of rules of heat irradiation crisis at boiling of underheated
liquid in horizontal coiled pipe in area of pressures close to critical demands further
experimental studies with different liquids in broad interval of operating conditions.

CONCLUSIONS

1. New experimental information about heat irradiation at boiling of underheated toluene in
area of pressures close to critical in horizontal coiled pipes is obtained.

2. It is revealed that in horizontal coiled pipe under same conditions crisis of heat irradiation
on upper, lower and lateral generators of the pipe appears in different distances from inlet of
pipe, i.e. not in the one section of the pipe

3. Dependency of critical heat flow upon working conditions is established



MARKING
P - pressure, Mlla; t - temperature, OC; q - density of heat flow, Vt/mz; d - diameter of pipe,
mm; [ - length of pipe, mm; x — distance from inlet of  pipe, mm; D - diameter of coiled
pipe, mm; At = (t — to,) — underheating of liquid to temperature of saturation, °C;

h . —h . . .
x = —"=——= - relative enthalpy; hnix — enthalpy of mixtures, kDj/kg; hs — enthalpy of liquids
r

under the temperature of saturation, kDj/kg; r-heat of vaporization, kDj/kg.
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SAQULI ILANVARI BORUDA QIZMAMIS KARBOHIDROGENLORIN
QAYNAMASINDA ISTILIKVERMONIN BOHRANI

KOLBOLIYEV R.F., ISGONDOROV M.Z..

Saquli ilanvari boruda, kritik tezyiq yaxiliginda toluolun gaynamasinda istilikvermenin
bohrani tedqiq edilmisdir. Toluolun qaynamasinda saquli ilanvari borunun perimetrii boyunca
divarin temperaturunun geyri baraber paylanmasi mieyy edlmisdir. Kritik istilik yiikiiniin
rejim parametrlorden asilili1 gostorilmisdir.

KPU3UC TEINVIOOTAAYH ITPM KMNEHWUHW HEJAOI'PETOI'O
YIJIEBOAOPOJA B I'OPU30OHTAJIbBHOU 3SMEEBUKOBOU TPYBE

KEJIBAJIMEB P.®., HCKEHJIEPOB M.3.

[IpuBonsATCcs pe3ynbTaThl UCCIENOBAHMS KpU3UCA TEIUIOOTAAYM IIPU KUIIEHUW HEAorpe-
TOTO TONyoJia B 00JacTu NaBiCHUM, ONM3KUX K KPUTUYECKOMY, B TOPHU3OHTAJIbHOU 3Me-
€BUKOBOM TpyOe. BBIABICHO HEpaBHOMEpPHOE paclpe/ielieHue TeMIepaTrypbl CTEHKH IO
NEPUMETPY TOPU3OHTAIBHON 3MEEBHKOBOW TpPyObl NpHU KUIEHUH TOJYyoOjda. Y CTaHOBIIECHBI
3aBUCUMOCTH KPUTHYECKOTO TEIUIOBOTO IMOTOKA OT PEKUMHBIX IapaMeTpax.



