HEAT TRANSFER OF MULTIPLE-VOID SLABS HEATED BY AIR

L, P. Ananikyan UDC 697.358

It is experimentally shown that if the initial temperature of the air is taken as the determining
temperature, then the heat transfer for three regimes of motion is satisfactorily described by
a single generalized relationship.

Buildings in the Soviet Union have recently been constructed in which there is a system for radiant heat-
ing using air as the heat-transfer agent [1-3]; slabs containing voids in the ceilings and floors serve as heating
devices, The operational regime of the system is characterized by a small flow rate of air in the voids of the
slabs, The Reynolds numbersvary from 0,6 to 5.0 »10%, and within these limits there are no reliable data for
determining the heat-transfer coefficient,

In the transitional region, as is indicated by Mikheev [4], the results of different experimental investiga-
tions noticeably differ, For the development of a reliable method of calculation we experimentally studied the
heat transfer of multiple-void slabs of series II-04-4 with passage of air through all the voids, or with two or
four of the voids closed off, Investigations were carried out on a test slab, cut in half, The width of this slab,
in such calculations, is assumed to be such that the heat transfer in its outer surfaces is self-similar, For
development and preparation of a test slab, special attention was paid to the method of measuring the void wall
temperatures, The temperature of the heated air was measured at the beginning, middle, and end of a void in
the slab,

Under natural conditions, on the upper surface of the ceiling and floors it is usual to have a certain ther-
mal resistance., In order to imitate these conditions, investigations were also carried out with additional
thermal resistance (Ry44), equal, respectively, to 0.0, 0.16, 2,32, and 3.49 m?+°C/W,

The general form of the test apparatus is shown in Fig, 1, For processing the results of the investiga-
tions the initial temperature of the heated air is assumed to be the determining temperature, Accordingly,
the mean value of the heat-transfer coefficient was determined from the equation
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After the heat-transfer coefficients were calculated, the Nusselt and Reynolds numbers were determined,
In calculations for radiant-heating systems with air and the heat-transfer agent, it is convenient to use the mass
flow rate of air (wp), Taking this into account, the Reynolds number was determined from the equation
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Results of the tests are shown in Fig, 2. From the graph we see that if the initial air temperature is
taken as the determining temperature, then heat transfer for all regimes of motion in the voids of the slabs is
satisfactorily described by the single generalized relation Nu = 0,038 Re%72, which confirms the theoretical
considerations given in [5],

NOTATION

o, heat-transfer coefficient; G, flow rate of the air; c, specific heat of the air; ®, change in temperature
of the heated air; I, slab void diameter; L, operating length of the slab void; t;,, initial temperature of the heated
air; tyw, wall void temperature; Re, Reynolds number; w, air velocity; p, density; n, dynamic viscosity; and
Nu, Nusselt number,
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Fig, 1, General form of the test apparatus,
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Fig. 2. Heat transfer of a multiple-void slab of
length 5,6 m with passage of air through all the
voids or with two and four of the voids closed off:
1) Rygq = 0; 2) 1,165 3) 3.49; 4) 0; 5) 1.16; 6) 3,49;
7) 0; 8) 1,165 and 9) 2.39.
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