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THE RESPONSE OF VENTILATION DAMPERS TO LARGE AIRFLOW PULSES

by

W. S. Gregory and P. R. Smith

ABSTRACT

The results of an experimental program to evaluate the re-
sponse of ventilation system dampers to simulated tornado tran-
sients are reported. Relevant data, such as damper response
time, flow rate and pressure drop, and flow/pressure vs blade
angle, were obtained, and the response of one tornado protective
damper to simulated tornado transients was evaluated. Empirical
relationships that will allow the data to be integrated into flow
dynamics codes were developed. These flow dynamics codes can be
used by safety analysts to predict the response of nuclear
facility ventilation systems to tornado depressurizations.

[. INTRODUCTION

Safety analysis reviews for nuclear fuel cycle facilities require evaluat-
ing the effect of natural phenomena on facility designs. The potential effect
of one type of phenomenon, a tornado, on facility air-cleaning systems can be
evaluated using computer codes such as TVENT.l TVENT calculates the transient
pressures and flows throughout a facility and its ventilation system. However,
a code such as TVENT has limitations and depends on empirical response relation-
ships determined from experimental data. Ventilation components such as fil-
ters, blowers, and dampers can have significant effects on the flow dynamics of
an air-cleaning system.



In this report, we discuss the reponse of ventilation system dampers to
simulated tornado-generated transients. Light- and medium-duty ventilation
dampers, a backdraft damper, and one tornado protective damper were evaluated.
The data needed for integration into flow dynamics computer codes were obtained,
and these inciude reponse time vs flow rate, pressure drop vs blade angle, and
pressure drop vs flow rate. These data then were transformed into empirical re-
sponse relationships. The structural response of the dampers was also studied
for various flow transients.

II. DESCRIPTION OF DAMPERS

Dampers are used as valves to obtain desired directions, flows, and pres-
sures within a ventilation system. In conventional air conditioning and venti-
lating applications, little consideration is given to rigid specifications for
the dampers; however, many specifications are considered for nuclear applica-
tions. Some of these considerations are
damper function,
pressure drop across closed dampers,
normal blade operating position,
maximum closing and opening times,
failure mode and blade position,
seismic requirements,
permissible leakage through a closed damper, and

damper and controller response to pressure and flow transients,

Damper functions include the following,
Flow contro?

Pressure control

Balancing

Shutoff

[solation

Backaraft

Pressure-relief

Depending on its function, a damper may be constructed in several configura-
tions., Opposed- and parallel-blade confiqurations are discussed in detai)
below,
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The coefficients in Eq. (15) are listed in Table [1l. The fitted curves are
shown in Fig, 2.

Figures 18 and 19 show the flow rate and pressure drop as a function of

time for a typical transient test (BD 100) of the backdraft damper. The sole-
notd valves supplying the high-pressure air to the prefilter chamber began
opening at time t « 0 5. They opened sequentially in such a way that all 12
were open at 1.0 s and remained open for 3.0 s thereafter., The valves began
closing at time t « 4.0 s; by time t « 6 s, all 12 were closed and the flow
stopped. Because of the compressibility of the flow and the capacitance of the
prefilter chamber, the flow rate did not begin to increase at location PL-J
unti] about time t « 0,28 s, As the velocity continued to Increase, the damper
began to close at time t « 0,31 s (as shown in Table 111) and was closed com-
pletely at about time t « 0.91 s, at which time the flow rate dropped dramati-
cally. The pressure drop across the damper climbed to a maximum value of 20 kPa
(3 pst) ot time t « 2.7 &, where It remained essentially constant until time

t « 4.0 5. The leacage flow rate for the fully closed damper at a pressure drop
of 20 kPa (3 pst) appeared to average about 0.10 m’/s,

Table 1V, which presents the blade angles as 4 function of time for three
backdraft transtent tests (B0 98, BO 99, and BD 100), shows that, once this
damper 13 set in motion, closure time ranges from 0.8 & to 1.8 s, Because this
is & fairly short time, the event could be modeled by assuming that the damper
immediately closes when the local flow rate exceeds the design flow rate at the
damper by a specified amount, such as S5  The leakage flow rate for the fully
closed damper would be assumed to be related to pressure drop according to
fq. (14). Then,
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TABLE 1V

BLADE ANGLE AS A FUNCTION OF TIME FOR
THREE BACKDRAFT DAMPER TESTS

Time (s)
lade Angle (" 8D 98 8D 99 8D 100
“ o.“ o.‘ tjl
63 1.40 0.71 63
42 1.59 0.83 1
21 1.69 0.91 76
0(closed) 1.79 0.98 .80

0.1 a "(m,Oos :

Py = 0.11(200%% 40,0220 .

Thus, for use in a ventilation system simulation code )ike EVENT or TVENT, the
relation between flow rate and pressure drop for a closed hackdraft damper could
be assumed to be

0 « 0,0228(a0)%% |

Figures 20 and 21 present the flow rate and the static pressure rise
through the damper as functions of time and for one test of the tornado dam-
per, These figures were plotted from the digital computer data taken during a
typical transient test, The valves supplying the prefiiter chamber bagan
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APPENDIX

TABULAR QUASI-STEADY-STATE DATA AND A LEAST-SQUARES FIT
TO RELATE FLOW RATE TO PRESSURE DROP

A Hewlett-Packard-supplied least-squares subroutine called FITTER was used
on an HP-98458 digital computer to fit the gquasi-steady-state data taken for
the opposed-blade, medium-duty; the opposed-blade, light-duty; and the parallel-
blade, light-duty dampers to the equation

Q=P ()3 |

in which Pi is a resistance coefficient to be determined, Q is the flow rate,
and aP is the pressure drop across the dampers. The values of Pi were pre-
sented in Table II.

The following tables and figures show the actual computer output of the
curve fits and represent (1) the experimental data, (2) the value of Pi’
(3) the fitting error, and (4) a plot in which the solid line is curve-fit to
the experimental data points (stars) as a graphic demonstration of the goodness
of fit. Pressure drop is given in kilopascals, and flow rate is given in cubic
meters per second throughout.
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OBMD 90 DEGREES CURVE FIT
Created on 07-05-83

OBSERVATION DEL P (kPa) FLOW RATE
1 0.073 4.981
2 0.145 6.862
3 0.313 10.065
B 0.533 13.077
5 0.788 15.475
6 1.084 17,715
7 1.125 18.079

FINAL RESULT OF CURVE FIT
Dataset title: OBMD 90 DEGREES CURVE FIT
Model used:
User Defined Eq.

The estimated parameter values after three iterations are

P(l) = 17.359

FITTING ERROR (in Y-axis units)

Maximum error between any data point and the curve is 0.4037410835.
Overall standard error in estimate is 0.33651794881.






OBMD 45 DEGREES CURVE FIT
Created on 07-05-83

OBSERVATION DEL P (kPa) FLOW RATE
1 0.186 1.511
2 0.973 3.021
3 2.17 4.372
4 3.707 5.663
5 7.519 7.767
6 11.743 9.286
7 15.671 10.253
8 19.174 10.568

FINAL RESULT OF CURVE FIT
Dataset title: OBMD 45 DEGREZS CURVE FIT
Model used:

User Defined Eq.

The estimated parameter values after three iterations are

P(l) = 2.6325.

FITTING ERROR (in Y-axis units)

Maximum error between any data point and the curve is 0,9592252334.
Overall standard error in estimate is 0.565444785155.






OBMD O DEGREES CURVE FIT
Created on 07-05-83

OBSERVATION DEL P (kPa) FLOW RATE
1 1.632 0.415
2 4.784 0.528
3 7.935 0.701
- 10.999 0.831
5 13.556 0.828
6 15.886 0.927
7 17.533 0.971
8 19.948 1.014

FINAL RESULT OF CURVE FIT
Dataset title: OBMD O DEGREZS CURVE FIT
Model used:
User Defined Eq.

The estimated parameter values after three iterations are

P(1) = 0.23708.

FITTING ERROR (in Y-axis units)

Maximum error between any data point and the curve is 0.11213087995.
Overall standard error in estimate is 5,19554392857E-02.



0BLD 90 DEGREES CURVE FIT

OBSERVATION DEL P (kPa

1 0.097
2 0.179
3 0.406
4 0.682
5 1.004
6 1.347
7 1.45

r INAL RESULT OF CURVE FIT
Dataset title: OBLD 90 DEGREES CURVE FIT
Model used:
Use~ Defired Eq.

The estimated parameter values after one iteration are

(1) = 16.166.

FITTING ERROR (in Y-axis units)

Created on 07-05-83

FLOW RATE

5.562

7.175
10.664
13.701
16.335
18.457
18.96

Maximum error between any data point and the curve is 0.52712791288.

Overall standard error in estimate is 0.411030577395.

a1



0BLD 67.5 DEGREES CURVE FIT
Created on 07-05-83

OBSERVATION DEL P (kPa) FLOW RATE

1 0.361 3.602
2 0.815 5.31

3 1.418 6.954
4 3.055 9.913
5 5.134 12.288
6 7.291 14.01

7 9.164 15.024
8 10.775 16.503

FINAL RESULT OF CURVE FIT

Dataset title: OBLD 67.5 DEGREES CURVE FIT
Model used:
User Defined Eq.

The estimated parameter values after two iterations are

P(l) = 5.20%8.

FITTING ERROR (in Y-axis units)

Maximum error between any data point and the curve is 0.81401212393.
Overall standard error in estimate is 0.649991928908.
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0BLD 45 DEGREES CURVE FIT

OBSERVATION DEL P (kPa)

1 0.173
0.995
2.199
3.746
7.722

12.303

16.569

20.299

0O ~N O O & W N

FINAL RESULT OF CURVE FIT
Dataset title: OBLD 45 DEGREES CURVE FIT
Model used:
User Defined Eq.

The estimated parameter values after three iterations are

P(l) = 2.2666.

FITTING ERROR (in Y-axis units)

FLOW RATE

1.583
2.797
3.996
5.041
6.848
8.171
8.972
9.266

Maximum error between any data point and the curve is 0.9460329213.

Overall standard error in estimate is 0.632555731789.

Created on 07-05-83
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0BLD 22.5 DEGREES CURVE FIT
Created on 07-05-83

OBSERVATION DEL P (kPa) FLOW RATE
1 0.697 1.102
2 2.77 1.861
3 5.383 2.364
4 8.388 2.939
5 11.573 3.273
6 14.421 3.273
7 17.158 3.97
8 19,722 4.054

FINAL RESULT OF CURVE FIT
Dataset title: OBLD 22.5 DEGREES CURVE FIT
Model used:
User Defined Eq.

The estimated parameter values after three iterations are

P(l) = 0.9672.

FITTING ERROR (in Y-axis units)

Maximum error between any data point and the curve is 0.29451832192.
Overall standard error in estimate is 0.186449855596.



0BLD O DEGREES CURVE FIT

OBSERVATION DEL P (kPa)

1.959
5.378
8.596
11.623
14,303
16.467
18.174
19.386
20.013

—

O 0 N O O & W

FINAL RESULT OF CURVE FIT

Dataset title: OBLD O DEGREES CURVE FIT
Mode]l used:
User Defined Ea.

The estimated parameter values after three iterations are

P(1) = 0.27325.

FITTING ERROR (in Y-axis units)

Maximum error between any data point and the curve is 0.04989294134.

Overall standard error in estimate is 2.97456802571E-02.

FLOW RATE

4.05

0.617
0.765
0.938
1.029
1.071
1.192
4.206
1.206

Created on 07-05-83
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PBLD 45 DEGREES CURVE FIT
Created on 07-05-83

OBSERVATION DEL P (kPa) FLOW RATE
1 0.446 3.605
2 0.961 5.229
3 1.669 6.817
R 3.573 9.745
5 5.885 12,053
6 8.222 13,706
7 10.459 14.911
8 12.156 15.725

FINAL RESULT OF CURVE FIT
Dataset title: PBLD 45 DEGREES CURVE FIT
Model used:
User Defined Egq.

The estimated parameter values after three iterations are

P(l) = 4,7578.

FITTING ERROR (in Y-axis units)

Maximum error between any data point and the curve is 0.8632865051.
Overall standard error in estimate is 0.627156174612.



PBLD 22.5 DEGREES CURVE FIT

OBSERVATION DEL P (kPa)

1 0.459
2.018
4.258
7.041

10.107

13.345

16.4

19.454

0 ~N O O & WM

FINAL RESULT OF CURVE FIT

Dataset title: PBLD 22.5 DEGREEZS CURVE FIT
Model used:
User Defined Eq.

The estimated parameter values after three iterations are

P(1) = 2.0737.

FITTING ERROR (in Y-axis units)

Created on 07-05-83

FLOV RATE

1.705
3.331
4.627
5.879
6.775
7.528
8.189
8.686

Maximum error between any data point and the curve is 0.46040406351.

Overall standard error in estimate is 0.336429519076.
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PBLD O DEGREES CURVE FIT
Created on 07-05-83

OBSERVATION DEL P (kPa) FLOW RATE

1 1.774 0.234
2 4.981 0.517
3 8.267 0.688
. 11.32 0.75

5 13.964 0.804
6 16.047 0.875
7 17.73 0.977
8 18,882 1.002
9 19.647 1.012

FINAL RESULT OF CURVE FIT
Dataset title: PBLD O DEGREES CURVE FIT
Mode| used:
User Defined Ea.

The estimated parameter values after three iterations are

P(l) = 0.22582.

FITTING ERROR (in Y-axis units)

Maximum error between any data point and the curve is 0.066773251528.
Overall standard error in estimate is 3.5218105544E-02.
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