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Abstract :

Buffet loads due to high turbulence wakes of natural draft cooling towers
(NDCT) on ventilation stacks of nuclear power stations is analysed using
existing theories by making certain assumptions about the scale and intensity
of turbulence. This issue can be important since these stacks do not carry
any heavy linings as on stacks of thermal power stations and hence are prone
to higher buffet loads. Results are compared with some wind tunnel model
experimental data and found to give reasonable conservative estimates.

1. Introduction :

Nuclear power stations which are not located near the sea are provided with
either natural draft (ND) or forced draft (FD) cooling towers. The ND
cooling towers tend to be of about the same height as the ventilation stacks
and located at a distance of three to six throat diameters from the stacks.
Unlike in thermal power stations, the ventilation stacks of nuclear power
stations do not carry any heavy thermal lining and hence, for the same
height, will be lighter. The nearness of the large cooling towers has given
rise to consideration of the enhanced buffet loads on such stacks due to the

large and powerful wake from the NDCT (Fig.1).
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Fig. 1 WAKE FLOW FROM COOLING TOWERS ON A NEARBY STACK.
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While the mean velocity in the wake of NDCT is less than the free stream
velocity, the intensity of turbulence is substantially higher and the scale
is less. Thus, one may expect that while the mean load may be less than that
in uninfluenced wind, the buffet load can be higher (1). This issue has been
examined by model studies in wind tunnel by the authors (2,3,4 and 5) for
both nuclear and thermal power stations, and for other reasonably tall
structures, like water tanks in the wake of a stack. It has been found that
if the downstream structure is placed near the larger upstream structure, the
downstream structure can experience higher wind load than in the absence of
the upstream structure.

To work out a theory for estimating the above enhanced load is obviously very

difficult. There is little, if any, information on the intensity, spectra
and scale of wake from NDCT and the issue is further complicated by both the
streamwise and lateral variation of these quantities. Nevertheless, an

attempt to adapt the existing theory of Vickery and Basu (6) has been made
and the results are presented here.

2. Experimental Data :

Experiments were carried out in a 4.25m x 2.75m low speed wind tunnel to
measure the mean velocity and intensity of turbulence behind a 1:400 scale
model of a NDCT of throrat diameter 50 m and height 127 m, at distances 2.0,
4.0 and 6.0 throat diameters behind the stack, distances being measured from
the rear end of the throat in the symmetric plane (or mid plane). The scale
of turbulence was measured but the spectra were not measured. The intensity
and mean velocities were measured and are as given in Table 1, in the absence
of any model downstream of the NDCT.

Table 1. Mean velocity and intensity of turbulence behind an isolated NDCT
model (U = free stream Velocity).

Spdcing Mean Velocity Intensity of Turbulence
(diameters)
2.0 0.62 UO 0.24 U,
4.0 0.74 Uo 0.17 Uy
6.0 0.90 UO 0.15 U,

Note that the mean velocity and turbulence intensity have been given in terms
of far upstream free stream velocity Uo, The rigid model of the stack was
then placed in the wake of NDCT and itS lateral position changed by rotating
the 'platform on which the NDCT model and stack model had been placed. A
simple strain gauge balance was provided for the stack which gave both the
steady and unsteady loads. Maximum instantaneous load was measured, which
occured when the stack was at a point, about 5° to 7° from the direction of
atmospheric wind.

Considering the model scale of 1:400, the averaging time of the model force
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as per TVL formula,
™V = J4.5)(1_. (1)

which came to 0.067 seconds. The instrumentation used was insufficient to
give the data at this averaging time and hence, the data were.-read directly
off the oscilloscope, of the peak value. Table 2 below gives the measured
peak buffet loads, compared to loads that would have been experienced, if the
stack model was not in the wake of the NDCT. This table also contains data
on the enhanced buffet load on a water tank in the wake of an upstream stack
on another nuclear power station.

4.Semi~theoretical Analysis :

In order to produce an intial estimate of the load due to buffeting, the
along wind loading theory of Vickery and Basu (6) has been adapted. This
theory requires a knowledge of the intensity and scale of turbulence, as well
as the spectra. For the present adaptation, no change in the spectra was
considered and this must be taken as a limitation of the present approach.
The scale was taken to increase with downstream distance from the NDCT and
the one which would be effective against the downstream structure was taken
as 75% of the centre line longitudinal scale.

For the calculation of the buffet load, the following expression of the gust
factor was used.

G = 1+ ger [B(1+q»2 + SE/B]V2 (2)

The gust factor in the atmospheric wind without interference was calculated
to be 1.734. For the present calculation, the terms in the above equations
were read off from the graphs given in the Indian Standard for wind loading
of structures, IS-875-1987 (7). Some of the points which were not within
the range of graphs were obtained by extrapolation. With interference, the
gust factor was calculated as given in Table 2.

Table 2 : Estimated gust factor due to Aerodynamic interference by NDCT

Spacing L G Load enhancement Upstream Downstream

(diameter) (mts) Theory Experiment body body
2.0 64.95 3.496 2.02 1.50 NDCT STACK
4.0 92.47 2.75 1.58 1.25 NDCT STACK
6.0 120.00 2.64 1.52 1.10 NDCT STACK
8.0 30.00 2.00 1.20 1.05 STACK WATER TANK
2.5 - - - 1.50 NDCT STACK

(Smith & Doyle (1)
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Considering the approximation made, it is believed that an approach similar
to the one used in this paper may be expected to yield a somewhat
conservative but acceptable estimate of load enhancement. Such  load
enhancement has also been reported by Smith and Doyle (1) and suggest that
these issues will have to be correctly addressed during the design process.
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