Tuna Can Sensitivity Analysis — Runs Design

The design of the computational runs needed tooparthe sensitivity analysis on the Tuna Can
Case has been carried out according to PavelicSardna (1969). They propose a factorial design
approach which is very useful when the results obmputation are affected by a large number of
variables and, then, studying the effect of eaclalsée at a time would require too many, expensive
and time consuming, runs. According to the factat@sign approach a fixed number of levels for
each variable is chosen and computations are ralth@dssible combinations of those levels.
In our case the attention is focused on the seitgibf computations on four main variables: pool
fire diameter, Br, wind speed, v, container position in the fire,* Pand regression rate, RR. For
Drr, W and RR, we chose two levels of variation, dentegubscripts min and max, while P was
determined both on an absolute and relative @9 Dasis, i.e. subscripts min, min_rel, max and
max_rel respectively. Then we have:

e Pool fire diameter: B: min= 0.5 m and Br, max= 1 M;

e Wind speed: W, mn= 0 m/s and W, max= 4 m/s;

e Position: Rin = (0, 1), Rin_ret = (0, Dbp), Pnax= (Reg 0.5) and Rax rei= (Reg 0.5 Dbg).

e Fuel evaporation rate, RR: RR= 1.6 mm/min and RRx = 6.4 mm/min

The total number of runs required to investigate effects of all the variablesmultaneouslyvould

be equal toHnlfa“ , wheren, is the number of levels chosen for each set aofables,var. In our
i

casen equals 2 for Bs w and M= (vay=2) and 4 for P yar =1). Then, the required tests

would be2*. 4" = 32. However, being the maximum diametereDequal to 1 m, the levels §R,
Pmin_re) @and (Phax Pmax_re) are exactly the same, thus reducing the totalberrof runs to 28.

To reduce the number of runs further, the originais has been divided into 3 metrics, thus
allowing to analyze the effects of 3 variables yirag between two levels, at a time.

A first subsystem is chosen by keeping the regnessate constant (RR = 1.6 mm/min). Then the

effect of Dsr, P (relative basis) andwcan been investigated using the metric showedabier1:

! To reduce the number of variables and, then, tineber of required runs, the position of the corgrin the fire can
be described by a point P defined by a radius,nd,aheight, H. The position can be varied onlyglthe direction
identified by Rin= (Rmin, Hmin) and Riax= (Rnax Hmay-



Test No.| Dpr | v P
13 0.5] 0| Rinrel
14 0.5 ]| O | Praxrel
3 1 0 Pmin7re
9 1 | 0 [ Praxe
15 0.5] 4| Rinre
16 0.5 | 4 | Praxrel
6 1 4 Pmin,rel
12 1 4 | Prax re

Table 1 — Metric | for the investigation of theef of Do, P (relative basis) ang,von the results. RR = 1.6 mm/min.

Then, keeping the diameter constant(B 0.5 m), the effect of P (relative basis);and RR can

be addressed with the metric showed in Table 2:
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P RR
IDmin,rel 1.6
Pma\x,re 1.€
IDmin,rel 1.6
Pmax rel le
I:>min,rel 6.4
Puaxse | 6.4
I:>min,rel 6.4
Pmax, rel 6.4

Table 2 - Metric Il for the investigation of thee&dt of P (relative basis),ywand RR on the resultssp= 0.5 m.

Finally, keeping constant the diameter(> 0.5 m) and the regression rate (RR = 6.4 mm/min)

it's possible to study the effect of P (absolutd eglative basis) andwon the results (Table 3):

Test No | vw P
1 0 Prin
2 0 I:>min,rel
7 0 Prrax
8 0 Pmax,re
4 4 Prin
5 4 I:>min,rel
10 4 Prax
11 4 IDma\x,rel

Table 3 - Metric lll for the investigation of théfect of P (absolute and relative basis) apdonm the results. g = 0.5
m and RR = 6.4 mm/min.

Given this partition, the total number of runs riegd reduces to 16. A complete summary of the

runs is reported in Table 4.



Test No.| Dpe | vw P RR| HF | MV | Time Location
1 05] O Rin 6.4] Yes| yes| 5.86* /scratch/da/alessand/Dmin_Pmin
2 0] O | Phnre|64] No| no |1.76* Iscratch/da/alessand/Dmin_Pmin_rel_new
3 1 O] Rinre | 1.6] Yes| yes ? ALC
4 0t] 4 Prin 6.4]1Yes| no 6 Iscratch/serial-old/alessand/Dmin_Pmin_Wmax
5 05| 4| Rinre | 6.4] yes| no 7.5 | /scratch/serial-old/alessand/Dmin_Pmin_rel_Wmax
6 1 4 | Pojnrer | 1.€] no | no <1 ALC
7 05] O Riax 6.4| Yes| yes| 7.47* /scratch/da/alessand/Dmin_Pmax
8 0] O | Pnaxre]| 6.4]Yes| no | 5.11° /scratch/da/alessand/Dmin_Pmax_rel
9 1 O | Raxre | 1.6] Yes| no 6.34 ALC
10 0t] 4 Prnax | 6.4 ] Yes]| no 7.4 Iscratch/serial-old/alessand/Dmin_Pmax_Wmax
11 05| 4 I%a;re 6.4 No no 5.4 | Iscratch/serial-old/alessand/Dmin_Pmax_rel_Wmax
12 1 4 | Phaxre| 1.E] NO | NO ~ ALC
13 0.5] O| Rinre ] 1.6] No| no ~ ARCHES CLUSTER
14 0] O | Pnaxrer| 1.€E] NO | NO ~ ARCHES CLUSTER
15 05| 4] Rinre| 1.6] No| no ~ ARCHES CLUSTER
16 05| 4] Raxre | 1.6] No| no ~ ARCHES CLUSTER

Table 4 — Factorial design for Tuna Can Sensitigitalysis. HF = Heat Flux, MV = Movie, *After thisme
instabilities were observed, ** Domain extendeghtevent instabilities.

To simplify writing all the possible combinationktbe variables levels we can use a coding system
so that the max and min conditions for each vaeiaain be represented by +1 and -1 respectively
(the max_rel and min_rel cases will be denoted byrel and -1_rel). If xrepresents the coded
value of the pool fire diameter,pB the relation between and D¢ is given by:

Der _<DPF> (DPF - 0-75)

= DPF,max B DPF,min - 025
2

which equals +1 if Br= Dprmax -1 if Dpr = Dpeminand O if Dy =(Dp) . We can proceed similarly

for the other variables. Them,xxs and x% will represent the coded values of, WP ad RR,

respectively. The metrics expressed in terms oédoglues are reported in Table 5 - Table 7.

Test No.| X1 | X X3

13 1111 -1 re
14 1] -1] +1 rel
3 +1]-11]|-1re
9 +1] -1 | +1 rel
15 1 +1] -1 re
16 -1 +1] +1 rel
6 +1]+1| -1 re

12 +1]| +1 | +1_rel
Table 5 — Metric | in terms of coded values.




Test No.| X2 X3 X4
13 1) -1 rell -1
14 -1 +1 rel] -1
15 +1] -1 rel| -1
16 +1]|+1 rel] -1
2 -1 -1 rel] +1
8 1] +1 rel]| +1
5 +1] -1 rel| +1
11 +1|+1 re | +1

Table 6 — Metric Il in terms of coded values.

Test No | xo X3

1 -1 -1

2 -1 -1 rel
7 -1 +1
8 -1 +1 re
4 +1] -1

5 +1] -1 re
10 +1] +1
11 +1]+1 re

Table 7 — Metric Il in terms of coded values.

For each of the three metrics, a graphical reptaien can be provided. If we consider coded
variables as mutually perpendicular coordinate agash factorial deign can be represented by a
cube (Figure 1). The eight corner points of theecuépresent the eight test conditions listed in
coded values in Table 5, Table 6 and Table 7. Feirienlll, the cubic representation is obtained
considering the relative and absolute position #ferdnt variables. The center of the cube

represents physically the midvalue conditions ffer three variables of interest.

(-1,-1,-1) @, -1, -1)

Figure 1 - Geometrical representation of factadiedign.
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