HEAT-TRANSFER CRISIS IN A CHANNEL
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Data have been obtained on the bounds to the transitional region and the maximal
wall temperature fluctuations in a heat-transfer crisis.

When a two-phase flow moves in a heated tube, there are fluctuations in wall tempera-
ture T&, which vary along the tube and are dependent on the working parameters; substantial
fluctuations over a fairly extended region, the transitional one, accompany the heat-transfer
crisis. Those fluctuations together with corrosive effects may cause premature failure. In-
formation on these pulsations js necessary to construct sound models. Some data have been
given [1-5] on these fluctuations on crisis onset, but they are mainly qualitative, as the
fluctuations were measured with antiquated apparatus. Not much is known about how the transi-
tion-region characteristics are dependent on the working parameters.

We have made measurements with a rising water flow in a tube and a channel having compli-
cated geometry with the apparatus described in detail in [6]; the Khl18N1QT steel tube was 2 m
long, internal diameter 8 mm, and wall thickness 1 mm. The channel had a 0.5 mm wall and
represented the section of a cell formed by four adjacent tubes 13 mm in diameter placed with
a pitch of 15 mm (deq = 5.6 mm). The working parts were heated directly with line-frequency
current. Chromel—alumel thermocouples were welded directly to the outer surfaces, wire dia-
meter 0.2 mm, minimum couple pitch 25 mm.
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Fig. 1. Channel wall temperature as a function of time at
6.59 MPa, pW = 157 kg/m%-sec, qy = 229 kW/m?, and x4, =
—0.03; Ty, in °C, £ in m, and T in sec. ’
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Fig. 2. Variations in wall-temperature fluctuations (2 and 4) and
wall temperature (1 and 3) along sections: 1 and 2) from 10 mea-
surements; 3 and 4) data from prolonged interrogation, ST in °C.

Fig. 3. Transition-region lengths: 1) our results; 2) [5]; 3) {9].

We recorded the wall temperatures and the working parameters; the system provided digi-
tal recording with a computerized suite and continuous wall temperature recording. In the
second case, Ty; was measured with a four-channel amplifier having DC decoupling. The ampli-
fied signal went to a multichannel tape recorder and was processed by the computer. The
analog signal was used in determining the necessary sensor interrogation times and frequen-
cies, the intervals being 160 sec and four measurements a second correspondingly. FEach ex-
periment involved two stages. In the first, all the sensors were interrogated on 10 cycles.
Each cycle lasted about 5 sec. The second involved prolonged interrogation, including for
the thermocpuples on the wall in the transition region. After the measurements, there were
calculations on the means and standard deviations. The data were output to a printer as
tables and graphs and were written to magnetic tape. TFigure 1 shows the T, pattern along
the channel for various instants separated by about 0.5 sec; there are evidently complicated
processes in the transition region. The fluctuations T& initially increase but decrease to-
wards the end of the transition region. The time intervals corresponding to liquid contact
are at first substantial but then decrease and become zero in the transcritical region.
Figure 2 shows how the equilibrium steam content xg 1nfluences the averaged wall temperature
Ty and the standard deviations in the fluctuations ST (the dashed lines are the maximal and
minimal Ty in the transition region) at 5.6 MPa, pw = 205 kg/m?-sec, gy = 370 kW/m?, and
Xinp = 0.23. Here and subsequently, gy is the heat flux density at the wall corresponding to
the crisis onset. The Ty and St curves in the two stages virtually coincide, so the transi-
tion-region bounds can be defined reliably from 10 measurements in accordance with the [7]
method.

We recorded Ty fluctuations in the transition range for P = 0.55-7.20 MPa, pw = 100-603
kg/m?:sec, gy = 100-1000 kW/m?, and steam contents xi, = —0.28 to 0.66. The start of the
transition region corresponds to the limiting steam content xj4, for which a relationship
exists [8] for circular tubes:

xy = 1 — 64,3 Iw e [pwv’ ]/—p—— ]1’25- (1)
11 ’ rl/pn . -—_——‘—)— (o} p
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Somewhat lower Xj1i apply for the complicated channel, becuase of the geometry; the transition-
region length %, is mainly dependent on qy/(rpw) and x1;. Figure 3 shows %, data derived
in the above ranges, which may be described with *20% deviations by

Iy (2)
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Fig. 4. Wall temperatures at the start
of the transcritical region: 1) our re-
sults; 2) calculation from [7]; 3) [5],
water; 4) [9], water; 5) [10], freon-22.
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Fig. 5. Wall-temperature fluctuations in
the transition region: 1) our results; 2)
[51; 3) [7]. Staxs Tsty — Tss °C.

in which

s 1,5
n=—63-104[—1¥ xh) .
rpw

\

This formula also described the %t, derived by our method from the [5, 9] data; when under-
heated liquid is supplied, it is necessary to raise gy substantially in order to obtain a
transcritial region, and in that case, %, is reduced to a value comparable with the thermo-
couple pitch. As it is necessary to measure T& in not less than three sections to estimate
2¢r» the minimal %4, recorded here was 50 mm.

The wall temperature corresponding to the end of the transition range, where there_is a
lower level in T, is called the temperature for the start of the transcritical region Tgtys
the data have been fitted (Fig. 4) to the following relationship for the above parameter
range with a *257 error:

Tsu —T, = 62,8 9w ( P \0-“(ﬁwi)o,35. (3)
Tcr_Ts row Pcr M”
Figure 4 also shows results for water with complicated geometry [7], circular tubes [5, 9],
and results for freon-22 [10]. There is satisfactory agreement.

The strength characteristics are substantially dependent on Tyj; Fig. 5 shows S$ax in the
transition region as a function of the temperature difference ATgty = Tgty —Tg. The two in-
crease together and the first corrresponds to about a quarter of the second.

These results have been obtained on measuring T, at the outer surface, but it has been
shown [11] that the reduction in amplitude or change in frequency for Ty, for a wall thickness
of 1 mm will be slight.
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These data can be used in devising heat-transfer crisis models and in analyzing reli-
ability for steam-generating equipment.

NOTATION

T', wall temperature fluctuations; deq’ equivalent diameter; xXo, equilibrium mass steam
content Tw, time-averaged wall temperature; S+, standard deviation in wall temperature
fluctuations; P, pressure; pW, mass velocity; gy, wall heat flux density corresponding to
crisis onset; xi,, steam content at inlet; r, latent heat of evaporatlon, g, surface tension;
g, acceleration due to gravity; p', liquid density on saturation line; v!, kinematic viscosity
of water on saturation line; X1, limiting steam content; f¢,, transition-region length; d,
diameter; Tstr’ time-averaged temperature for start of transcrltlcal region; Tg, saturation
temperature; Top, critical temperature, Pors critical pressure; u'", dynamic viscosity of
steam on saturation line; St,y, maximal standard deviations in wall temperature fluctuations;
t, time; %, length; 7 = P/P.,, reduced pressure.
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