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1. INTRODUCTION 

1.1 Background . The work being reported is part of a current research 
task at the Ballistic Research Laboratory (BRL) to design a large blast/ 
thermal simulator for multiservice use. The simulator is to be large 
enough to conduct full-size vehicle tests throughout a broad spectrum of 
blast/thermal effects, s i mulating a range of blast and thermal from nuclear 
environments. The simulator facility is to be similar to the French facil 
ity of Gramat (Reference 1), but is to have expanded operational capabili
ties, both 'in size and in the simulation ranges. Previous phases of the 
task at BRL have been reported in Reference 2, 3, and 4 . 

1. 2 Objectives . The experime nts reported here were designed to answer 
some questions concerning the bas ic shock parameters necessary to the 
design of the full - size blast simulator . These parameters are: the test 
station pressure as a function of driver pressure, the driver length/volume 
nee ded to produce the desired range of yields, the cold gas driver effect, 
and the effect of the recompression fan from the expansion of . the divergent 
throat "nozzle . These effects were to be examined both experimentally and 
by hydrocode simulation. References 2, 4, and 5 describe the BRL- Q1D 
hydrocode used for the computer simulation. 

2. TEST PROCEDURES 

The experimental parameter study task consisted first, of the design 
and fabrication of a 1:57 scale, single cold air driver model of the antic
ipated full - size blast simulator; secondly , of .a selection of a range of 
driver/throat baffle configurations to produce the desired test pressure/ 
yield levels, and to record the pressure- time ·results as a function of test 
section location. The model is described in the next section . 

2 . 1 Simulator Model . The 1:57 scale for the model was chosen for the 
experiments, pr i marily because of the ready availability of the steel pipe 
components of the simulator model . A sketch of the shock tube model is 
shown in Figure 1. The drivers consisted of assorted lengths (6 . 05- 288 . 0 
em) of 10.16 em inside diameters, smooth thick- walled pipe. This was 
attached to the long test section (.254 I.D. by 17 . 14 m long - closed at 
end) through a converging throat or baffle to the diaphragm section. A 
diverging section expanded to near the inside diameter of the test section . 
Cold compressed ai r was used for the driver gas. Mylar, aluminum, and 
copper diaphragms were used to contain the monitored driver pressure until 
the diaphragm self- ruptured. 

Sta tions for pres sure transducers (side- on and stagnation probes) were 
located along the test section at 7, 15, 20, 24 , and 28 test section 
diameters as noted on the drawing in Figure 1. The stations are listed on 
the pressure- time plots as 70-280, respectively, in the Results section . 

The recording and data reduction instrumentation is described in the 
next section . 

2. 2 Instrumentation. 1\.;ro separate sets of recording instrumentation 
were used for the experimental shots. Figures 2- A and 2-B describe the two 
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types used. Both were used to record the output generated by the PCB Model 
l13A24 quartz pressure transducers (Reference 6). The tape recording 
systems (Figure 2-A) was used for the initial multi-station recording. 
Later in the test program only two stations were used, so the second system 
(Figure 2-B) with the digitizing oscilloscope was used. 

Both systems recorded the output from the transducers coupled through 
power s upply interface cards and data amplifiers to the recorders. On-site 
comparisons of the pressure-time plots were made directly from the hard 
copies produced. Final data processing was completed with the computer, 
printer, and plotter. Plots of pressure-time records for various driver 
configurations are shown in the Results section. 

2.3 Test Matrix . A variety of shots liTere fired with the various 
driver configurations. The test matrix is given in Table 1 for several 
shot conditions. The shots are listed by number, with driver parameters, 
ambient test conditions, and test section overpressure at Station 70 (7 
dia.) listed for reference. 

The driver lengths varied from a minimum of 6.05 em to 288 em for the 
maximum ''lon~" driver. The inside diameter of the drivers remained con
stant at 10.16 em. The pressure in the driver varied from about 300 kPa to 
a little over 18000 kPa. Throat baffles at the diaphragm section varied 
from a test section to throat baffle area ratio of 16 . 1 to 64:1. Sam-
ple pressure-time records and a discussion of their characteristics are 
given in the Results section. 

3. RESULTS 

The primary results from the test program are the pressure-time records 
and their impulses from the test stations for the various test configura
tions. This section will discuss the change of pressure-time records 
(side-on, stagnationtand dynamic) as the driver parameters were changed. 
Stations at 7 and 20 diameters , in particular, will be compared with com
puter code predictions. Both short (11 . 16 em) and long (288 em) drivers 
will be used for the comparisons. Finally, particular examples of cold 
gas/recompression fan effects will be shown. 

· 3.1 Test Station Pressure as a Function of Driver Parameters. The 
first set of records shown in Figure 3-6 illustrate the decay of peak pres
sure along the test section for a s hort driver (11.12 em) as a function of 
driver pressure. The driver pressure was varied within the range 314 kPa 
to 14479 kPa for this series of s hots. These va lues are plotted in the 
graph of Figure 7. Initial test section pressures (20-225 kPa) measured at 
7 diameters de cay with dis tance a long the test section to a station at 28 
diameters. Decays of about 25 to 43% were measured over this distance. 
The hydrocode predicted similar decays, but for driver pressure above 
3000-4000 kPa the predicted shock overpressure was highe r than the experi
mental values. Below this driver range the predicted values varied both 
above and below the experimental values. 

It can be seen from the family of curves plotted from the long driver 
data and shown in Figure 8, that there is very little attenuation of the 

s The t ex t ~ s continued on page 21. 



TABLE 1. TEST MATRIX 
Shock 

Shot Driver Driver Test Section to Ambient Ambient Overpressure 
Number Pressure Length Throat Area Ratio Pressure Temperature Station 70 

kPa em kPa ok kPa 

4 314 11. 13 16:1 102.4 294.8 20.0 
5 617 102.3 295.0 32.6 
6 1124 102.2 295.2 49.3 
7 2055 102.1 296.6 75.0 
8 3137 102.1 297.1 96.6 
9 4413 Same Same 101.9 296.0 118.2 

10 5240 103.2 292.9 137 .0 
11 7757 103.3 294.2 169.6 
12 11273 103.3 294.2 188.0 
13 14479 103.3 295.4 225.0 

0\ 
14 51'71 288 16:1 102.9 295.2 131.5 
15 7481 102.2 297.9 155.0 
16 3103 102.2 297.1 88.0 
17 603 102.2 297.7 23.5 
18 300 102.2 298. 1 13.3 
19 11 38 Same Same 102.0 297.7 38.0 
20 2034 101.9 297.5 60.4 
21 4220 102.0 297.0 106.5 
22 10963 102.0 297.3 193.0 
23 13169 101.7 297.7 215.0 

29 1103 11.13 64:1 102.5 297.2 29.2 
30 2034 102.5 297.4 39. 1 
31 3103 102.3 298.2 56.6 
32 86 18 102.5 297.5 107.0 



TABLE 1. TEST MATRIX (CONT'D) 

Shot Driver Driver Test Section to Ambient Ambient Shock Number Pressure Length Throat Area Ratio Pressure Temperature Overpressure 
kPa em kPa ok kPa 

33 565 11.13 33:1 102.2 297.9 26 .1 
34 1069 102.2 298.3 36.2 
35 2027 102.2 297 . 5 54. 3 
36 3130 102.2 297.6 74.2 
37 5192 Same Same 102.2 298. 1 99.6 
38 8618 102.2 298.8 137.2 
39 10515 102.6 298 .9 156.2 40 14479 102.6 298.6 195.3 

45 13617 26.36 16:1 102.1 298.6 217.9 
46 13962 33.98 16:1 102.0 298.9 205.5 
47 317 101.1 297.5 18.3 

-...J 48 579 101.1 297.2 27 .0 
49 1096 101.0 296.5 43.5 
50 2054 101.0 296.5 76.0 

51 607 67.0 64:1 102.5 298.5 16.3 
52 690 89.86 64:1 102.5 298.5 22.8 
53 338 16:1 101.7 297.6 14.6 
54 710 64:1 101.5 297.1 15.5 
55 359 178.76 16: 1 101.4 297.0 14 .3 
56 359 206.70 102.2 296.7 13.3 
57 352 237.18 102.2 297.5 13.2 
58 614 125.42 64:1 102.2 296.6 10.0 
59 324 16:1 102.2 297.9 17.9 
60 703 64:1 102.6 296.7 10.0 
61 896 33:1 102.6 296.7 20.0 
62 717 33:1 102.5 296.7 20.0 
63 510 33:1 102.7 296.7 15.0 



TABLE 1: TEST MATRIX (CONT 1D) 

Shot Driver Driver Test Section to Ambient Ambient Shock 
Number Pressure Length Throat Area Ratio Pressure Temperature Overpressure 

kPa em kPa ok kPa 

64 17754 33.98 16:1 102.6 296.4 262.0 
65 17582 6.05 102.5 296.4 200.0 
66 13962 18.74 102.2 298.0 222.7 
67 13962 26.36 Same 102.1 297.9 224.8 
68 14307 33.98 102.0 298.0 237.5 
69 3137 102.1 298 .0 106.5 
70 5171 102.1 298.0 147.2 

71 8446 102.2 298. 1 180.0 
72 11549 102.2 298.0 225. 0 

73 13445 102.57 103.0 298 .0 220.0 
74 13169 12.09 103.0 298.4 221.3 
75 3137 72.09 103.0 297 .9 11 o. 0 

77 3123 110.18 16:1 103.0 298.1 106.0 

~ 78 1117 110.18 102.9 297 .8 47.2 
79 1124 12.09 102.7 297.9 48.5 
80 1145 145.74 102.6 297.6 49.5 
81 483 33.99 33:1 101.8 298.4 19.3 
32 1827 101 .7 298.5 47.5 
83 5199 101.7 298.4 103.0 
84 14789 101 . 7 298.4 200.2 
85 483 67.01 Same 101.6 298.2 20. 0 
86 1827 101.6 297.9 46.8 

87 5240 101.6 297.9 108.0 

88 14651 101.5 297.9 200.0 

89 496 94.95 101.7 298.7 14.6 
90 1834 94.95 101. 6 297.9 40.8 

91 545 145.75 101.6 298.0 15.0 
92 490 11.13 101.8 297.9 19.5 
(}3 18271 6.05 101.9 298.4 172.5 

94 903 74.62 64:1 102.7 .298.0 13.8 

---
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overpressure in traveling from 7 to 28 test section diameters s ince "fla t 
top" s hock waves have only viscous attenuation. The hydrocode has no 
program for viscous attenuation and, there fore, s hows no decay at all . 

Figure 9 is an operating curve s howi ng the peak overpressure to be 
expected a t the two i mportant stations (7 and 20 dia. ) as a function of the 
driver pressure. The values plotted in Figures 8 and 9 were taken from the 
pressure-time records s hmm in Figures 10-13. Typical exampl es of 
pressure-time records of side-on overpessure, stagnat ion overpressure, and 
their s ubtraction (the dynamic pressure ) are sholoffi for the long drive r of 
288 em. 

Generally-, between 3000 and 4000 kPa driver pressure, the predicted 
(computer code simulation) and experimental shock overpressures deviated. 
At the extreme high e nd for 13500 kPa, the predicted value of pressure was 
about 270 kPa . Experimentally, the value was 215 kPa . The lower experi
mental values may be explained by the thicker diaphragm needed at the 
higher driver pressures. Openi ng t i mes are finite. Obviously, the r e i s 
not a complete diaphragm removal at zero-time as was assumed by the hydro
code. Incomplete breaking of the dia phragm also occurred . All these fac
tors tended to produce lower test section pressures than predicted from the 
BRL-Q1D code for the 3000-4000 kPa range. Below this range, the predicted 
values varied above and be l ow the experimental values. 

Tables 2- 4 summarize the experimental data according· to driver length 
and pressure. Representative values of the blast parameters are given for 
the two tes t stations at 7 and 20 diameters. Additionally , scal ed- up 
values of the parame t ers for the full -si ze simulator are given in the l as t 
four columns of the tables. These values were obtained by multiplying by 
the scale factor of 57. The last column of the tabl es display the e quiva
l ent high expl osive yiel d for the full-s ize conditions. The scaling cal
culat ions will be discussed in some de tail in the Anal ysis section . 

3.2 Hydrocode Results. One of the basic research effor t s at BRL i s to 
computationally mode l s hock tube processes . The B~L-Q1D code used for 
these predictions i s a n adiabatic, inviscid eulerian computer algorithm 
adapted at BRL for this purpose. See References 2, 4, 5, and 7 for addi
tional descriptions and uses of the code. All references to hydrocode com
putations r efer s to the BRL Quasi-one- dimensional code (BRL-Q1D) . 

The one- dimensional computational mode ling used had the advantages that 
it was inexpensive to run, had capability to perform parametric stud-
ies quickly, and was useful for obtaining good e ngineering approximations 
to the simulator design. Its obvious disadvantage was that the one
dimensional analysis was necessarily an approximation. As is seen later, 
the BRL-Q1D code did predict a ppearance of the cold driver gas and the 
recompression fan from the diverging nozzle , but mispredicted the magnitude 
of bo t h effects and their arrival after the shock f r ont at a particular 
test station. 

Figures 14- 17 s how typical records obtained for the s hort driver (11.13 
em). Stations 1, 2, and 3 of the compute r runs correspond to Stat ions 70 , 
150, and 200 in the experiment al records. As noted above in Section 3. 1 of 
the Results, the code predicted higher peak overpressure in the test sec
tion for driver pressures in the 3000-4000 kPa range. Below this range, 

21 The text is continued on page 43 . 
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TABLE 2. BLAST WAVE PARAMETERS VS DRIVER PARAMETERS; 
TEST SECTION TO THROAT AREA RATIO OF 16:1 

Full Size 

Shot Driver Driver Side-On Positive Positive Driver Driver Positive 

Number- Pressure Length Overpressure Duration Impulse Length Volume Impulse Yield* 

Station kPa kPa kPa-ms 
3 kPa-s kt em ms m m 

4-70 314 11.13 20.0 3.7 22.5 6.34 ·166.93 1.28 0.08 

200 17.0 4.5 22.8 1.30 0.12 

5-70 617 33.1 4.7 45.0 2.57 0.27 

200 24.9 5.8 45.0 2.57 0.36 

6-70 1124 49.9 6.0 75.1 4.28 0.65 

200 same 34.1 6.9 77.3 4.41 1.29 

8-70 3137 100.1 5.1 170.1 9.70 3. 0 

200 66.7 7.3 185.5 10.57 6.3 

13- 70 14479 226.2 7.6 573.9 32.71 67.0 

200 155.8 12.2 710.9 40.52 161.0 

67- 70 13962 26.36 224.8 8.5 803.9 15.03 395.74 45.82 185.0 

V-I 200 209.6 18.0 1249.3 71.21 732.0 
(J1 47-70 317 33.98 18.6 8.4 54.5 19.37 510.01 3.11 1.4 

200 16.5 8.8 56.1 3.20 1.9 

49- 70 1096 43.4 13.8 173.5 9.89 9.9 

200 49.1 16.5 168.7 9.62 7.6 

69-70 3137 106.2 12.3 376.7 21.47 31.0 

200 94.6 15.0 421.4 24.02 49.0 

72-70 11549 224~8 12.0 830.4 47.33 205.0 

200 202 . 5 20.3 1317.5 75.09 882.0 

*Yields are based on full size driver diameter of 5.79 m, area of 26.33 m2 , and are calculated 

from side-on overpressure impulse . Last four columns are for full size for Tables 2- 4. 



TABLE 2. BLAST WAVE PARAMETERS VS DRIVER PARAMETERS; TEST 
SECTION TO THROAT AREA RATIO OF 16 : 1 (CONT.) 

Full Size 
Shot Driver Driver Side- On Positive Positive Driver Driver Positive 

Number- Pressure Length Overpressure Duration Impulse Length Volume Impulse Yield 

Station kPa em kPa ms kPa-ms 3 kPa- s kt m m 

79- 70 1124 72.09 48.5 29.0 351.7 41.09 1081.89 20.04 74.0 
200 42.5 30.5 359.6 20.50 91.0 

75- 70 3137 110.0 ---- 850.6 48.48 344. 0 
200 94.0 ---- 857.5 48.88 411.0 

74-70 13169 221.3 9.5 1319.5 75.21 831.0 
200 233.0 30.8 2571.3 146.56 5869.0 

53- 70 338 89.86 13.5 19.2 118.0 51.22 1348.60 6.73 27. 0 
200 14.0 20.2 131.0 7.47 34.0 

73- 70 13445 102.57 220.0 10.3 1412.0 58.46 1539.24 80.48 1022. 0 
200 224.8 43.2 3800.0 216.60 19553.0 

78- 70 1117 110.18 47.2 41.4 512.2 62.81 1653.77 29.20 232.0 
VJ 200 40.5 44.8 505.9 28.84 278.0 c. 

77- 70 3123 106.0 ---- 1350.0 76.95 1424.0 
200 99.0 57.3 1274.8 72.66 1275.0 

80- 70 1145 144.97 49.5 57.0 700.0 83.07 2187.20 38.18 473.0 
200 45.0 56.0 720.0 41.04 677 .o 

59- 70 324 125.42 17.9 26.0 173.1 71.49 1882 . 32 9.87 49.0 
200 16.6 39.4 180.7 10.30 64.0 

55- 70 359 178.76 14.2 37.3 265 . 0 101.93 2683 . 79 15.11 27 5.0 
200 13.0 38.5 272.8 15.55 365.0 

57- 70 352 237.18 13.2 48.7 328.8 135.19 3559.52 18.74 618 . 0 
200 13.0 48.5 327.4 18.66 632.0 



TABLE 3. BLAST WAVE PARAMETERS VS DRIVER PARAMETERS; 
TEST SECTION TO THROAT AREA RATIO OF 33:1 

Full Size 
Shot Dri ver Driver Side- On Positive Positive Driver Driver Positive 

Number- Pr essure Length Overpressure Duration Impulse Length Volume Impulse Yield 

Station kPa em kPa ms kPa-ms 3 kPa- s kt m m 

93- 70 18271 6.05 172.5 7 . 3 523.1 3.45 90.84 29.82 61.0 
200 135.0 11.3 558.3 31.82 84.0 

92- 70 490 11.13 19.5 6.0 30. 5 6.34 166.93 I. 74 0.22 
200 15.0 7. 5 32.1 1.83 0.44 

35- 70 2027 54.3 11.3 120.0 6.84 2.3 
200 39.0 13.8 120.0 6.84 4.0 

37- 70 5192 99.6 9.1 232.5 13.25 7.7 
200 83.4 11.0 271.0 15.45 14.9 

40- 70 14479 195.3 8.3 567 . 9 32.37 72.0 
200 142 . 4 14.4 636.5 36.28 121.0 

81 - 70 483 33.99 19.3 20.8 88.0 19.37 510.01 5.02 5.5 
200 15.7 18. 5 84.4 4.81 7.3 

tN 82- 70 1827 47.5 33.8 284.9 16.24 39.0 -....1 

200 39.3 35.3 293.7 16.74 58.0 
83- 70 5199 103.0 43.5 686.2 39.11 192 . 0 

200 88.9 36 . 3 659.6 37.60 198.0 
84-70 14789 200.2 17 .7 937.2 53.42 321.0 

200 200.0 25.5 1525.6 89.96 1386.0 
85- 70 483 67.01 20.0 34.2 153.1 38.19 1005.53 8.73 27.0 

200 15.7 34.3 159.5 9.09 51.0 
86- 70 1827 46.8 80.5 560.0 31.92 304.0 

200 40.6 63.3 550.0 31.35 356.0 
87- 70 5240 108.0 -·-·-- 1275.0 72.68 1181.0 

200 94.9 ---- 1300.0 74.10 1415.0 
88- 70 14651 191. 7 15.0 1450.0 82.65 1218.0 

200 200.0 41.0 2640.0 150.48 7180.0 
89- 70 496 94 . 95 14.6 47.0 200.0 54.12 1424.97 11.40 114.0 

200 13.5 47.5 202.0 11.51 138.0 
90- 70 1834 40.8 80.0 726.0 41.38 804.0 

200 39.8 ---- 720.0 41.04 771.0 
63-70 510 125.42 15.0 39.4 277.9 71.49 1882.32 15.84 288.0 

200 13.8 67.3 314.9 17.95 508.0 
91 - 70 545 145.75 15.2 69.0 315.0 83.07 2187.21 17.96 414.0 

200 15.0 72.3 363.0 20.69 641.0 



TABLE 4. BLAST WAVE PARAMETERS VS DRIVER PARAMETERS; 
TEST SECTION TO THROAT AREA RATIO OF 64:1 

Full Size 
Shot Driver Driver Side- On Positive Positive Driver Driver Positive 

Number- Pressure Length Overpressure Duration Impulse Length Volume Impulse Yield 

Station kPa kPa kPa-ms 3 kPa- s kt em ms m m 

29- 70 1103 11.13 29.2 28.5 76.8 6.34 166.93 4.38 1.8 
200 21.8 33.8 84.0 4.79 4.1 

30- 70 2034 39 .1 21.6 112.8 6.53 3.6 
200 28.8 33.2 134.0 7.64 9.7 

31- 70 3103 56.6 25.8 187.5 10.69 10.4 
200 39.6 34.0 177 .o 10.09 13.1 

32- 70 8618 107.0 42.1 418.4 23.85 62.8 
200 86.9 35.1 451.7 25.75 94.7 

94-70 903 74.62 13.8 )85.0 300.0 42.54 1120.07 17.10 444.0 
200 13.0 )85.0 329.9 18.80 681.0 

54- 70 710 89.86 15.5 86.0 257 .o 51.22 1348.61 14.65 224.0 
Vl 200 13.8 86.0 283.5 16.16 371.0 
00 
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the predicted pressures from the code varied both above and below the 
experimental values. The general decay a long the test section was similar 
to the measured experimental values . 

The positive durations predicted were 5 to 10 percent smaller t han the 
experimental records showed. Station 3 should not be compared here ( except 
for peak pressure) since it was near the open end of the computational 
shock tube . The rarefaction from the open end shortened the positive dur a
tion. The experiments used a long test section with a closed e nd so no 
rarefactions could occur. 

The agreement in negative phase between the code and experimental 
values was not nearly as close . The code values of negative pressure were 
anywhere from 30 to 100% lower (Station 1, 7 diameters; before open end 
rarefaction arrived at station) than was actually measured. Overall, the 
code predictions were q·uite useful to predict the general pressure-time 
waveforms from the various drive r confizurations, given the limitat ions 
discussed. 

3.3 Cold Gas/Recompression Fan Effects. Figures 18-22 s how s ome of 
the code predictions of pressure-time records for the long driver . As was 
noted earlier, side- on overpressure begins to be predicted too high for 
driver pressures of about 3000 kPa . Both the cold gas and recompression 
fan (backward facing shock) arrival are very apparent. Table 5 summarizes 
and compares the code results with that of the test data . Figures 23-25 
display these comparisons in graphical form. 

Theoretically, the cold gas should not appear on s ide-on overpres s ure 
records at all. It does, however, appear on the experimental records 
although the code cannot predict it for the side-on records. It does , of 
course, predict it for the stagnation records. See Figure 21. Experi
mentally, the cold gas region tends to diffuse and be quite turbulent in 
nature. The code, instead, predicts very smooth pressure change upon the 
cold gas arrival; and it predicts a slower arrival than experimentally 
recorded. The cold gas average drag enhancement i~ predicted by the code 
to be higher than the data suggests. It should be noted that higher spikes 
do exist on the data records. Only average ratio values obtained from the 
impulse data were used to plot Figure 24 from Table 5-C. It s hould be 
noted that the enhance~ent is about constant along the test section f or a 
given driver pressure. 

The second effect that changed the pressure-time waveform (and hence 
yield) is shown by the code results in Figure 20. Notice the ve r y sharp 
cutoff of the positive phase and the relatively low, and extensive negative 
phase of the records~ This effect s hows up sooner on the data records and 
is more of a rarefac tion decay than a discontinuous drop as the code sug
gests. Experimentally, the cold gas and recompression fan effect s move 
back from the shock front with trave l a long the test section. The data 
show that Station 70 (7 dia.) cannot be used with a cold driver operation 
above, perhaps, 100 kPa side-on overpressure at the station. 

A shorter driver, and shorte r dura tion record, ought to minimize t he 
cold gas/recompression fan effects. Figure 26 shows a compar i son of 
records from the long, 288 em, driver with those obtained from a s hor t, 

43 The text ~s continued on page 65 . 
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TABLE 5. COMPARISON OF COMPUTER CODE SIMULATION WITH MEASURED 
PARAMETERS; 288 CM DRIVER, 16:1 THROAT RATIO 

A. Shock Front Overpressure, kPa 
Shot Driver BRL- Q1D Code Experiment 

Number Pressure Station Station 
kPa 70 150 200 240 280 70 150 200 240 280 

18 300 13.1 Same 13.8 --- 13.2 13.3 13.0 
17 603 24.4 Same 23.5 22.8 23.2 23.0 22.0 
19 1138 35.6 Same 38.0 38.3 38.0 37.6 37.0 
20 2034 57.5 Same 60.4 60.0 61.2 60.4 57.0 
16 3103 92.5 Same 88.0 85.0 86.5 82.5 82.5 
21 4220 120.0 Same 106.5 100.0 100.0 100.0 93.0 
14 5171 No Run 131.5 122.5 120.5 111.8 110.0 
15 7480 180.8 Same 155.0 156.0 153.8 155.0 150.0 
22 10963 238 . 5 Same 193.0 193.0 190.0 191.0 177.5 
23 13169 257. 7 Same 215.0 212.0 212.0 210.0 203.0 

(J1 ..,. B. Cold Gas Arrival After Shock Front, ms 
20 2034 10.1 
16 3103 5.7 --- --- --- --- 5.0 
21 4220 4.2 9.2 12.8 --- - -·- 4.2 
14 5171 No Run 2.8 7.3 10.4 
15 7480 2.6 6.3 8.4 9.7 11.6 2.2 6.1 8.5 10.7 
22 10963 1.7 4.0 5.1 6.8 8.0 1.8 4. 7 • 6.0 7.6 s ·.8 

23 13169 1.6 3.7 4.7 5.5 6.6 1.7 4.3 5 . 2 6.6 7.5 



TABLE 5 • . COMPARISON OF COMPUTER CODE SIMULATION WITH MEASURED 
PARAMETERS; 288 CM DRIVER, 16:1 THROAT RATIO (CONT'D) 

C. Cold Gas Drag Enhancement Ratio 
Shot Driver BRL-Q lD Code Experiment 

Number Pressure Station Station 
kPa 70 150 200 240 280 70 150 . 200 240 280 

20 2034 1.33 
16 3103 1.51 
21 4220 1.75 1.77 
14 5171 No Run --- 1.32 1.20 1.15 1.06 

15 7480 2.42 2.27 2.27 2.22 -- --- 1.48 1.50 1.50 1. 26 

22 10963 3.04 2.95 2 .95 2.90 2.92 --- 1.58 1.60 1.60 1.63 

23 13169 3.33 3.48 3.45 3.45 3.36 -- 1.80 1.90 1.90 1.90 

D. Recompression Fan Arrival After Shock Front, ms 

tn 21 4220 --- --- --- --- --- 4.2 
tn 14 5171 No Run 3.5 

15 7480 8.0 17.6 29.5 --- --- 3.5 14.0 

22 10963 5.3 11.3 15.5 20.0 25.2 3.2 10.0 
23 13169 4.5 9.8 12.6 16.0 19.7 3.8 10.1 12.9 18.0 
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11 . 13 em, driver. Indeed, t he shorter driver does show the lesser effects 
on t he records but are still unacceptable for a correct simulation of field 
yields at this pressure level if taken at 7 diameters. Station 200 (20 
dia . ) does show an improvement with acceptable records as seen in Figure 
26- D and 26- F . 

Accordingly, the full - size predictions for a single, cold gas driver 
simulator as presented in the next section are generally for the 20 
diameter s tation . 

4. ANALYSIS 

The analysis includes a discussion of the full - size simulator yield 
predictions as ~alculated from side- on overpressure impulse scaled from 
Re f erence 8 data, and the effects of changing the throat baffle ratio at 
the diaphragm s ection. 

4 . 1 Yield Predictions as a Function of Driver Configurations. As 
shown in the Test Matrix of Table 1, a series of drivers from 6.05 em to 
288 em was used on the model for a driver pressure range of about 300 kPa 
to 1800 kPa . Side- on overpressures at 7 diameters varied from about 10 kPa 
to 225 kPa. 

Reference 9 presents scaling laws relating the blast parameters between 
explosive yields. The treatment of yield here will consider ground bursts 
and the impulse available at a given overpressure from a certain yield in 
kilotons (kt). 

The calculations of predicted yield for the full - size simulator were 
made by first scaling up the impulse from the model experiments, by multi
plying by the scale factor of 57. At the same time, driver configurations 
were scaled in the same way . Table 6 lists the full - size predicted peak 
overpressure and impulse as a function of driver pressure and configura
tion. Predicted records of pressure versus time and impulse versus time 
for stations at 7 to 20 diameters for the full-size simulator are shown in 
Figures 27 and 28. Figures 29 and 30 summarize the full-scale impulse as a 
function of driver parameters. Driver lengths and volumes are noted on 
each curve. 

Values of full - scale impulse from Table 6 were then compared to the 
values given in Figure 31 . This figure is a plot of data taken from the 
Defense Nuclear Agency (DNA) blast program listed in Reference 8 . The 
yields were then found from Equation 1. 

where I
1 

is the impulse for a given reference yield, w
1

, (in this case, 

1 kt) and r
2 

is the impulse at the same pressure level for the predicted 

yield, w2 • Impulse is given in kPa-s and yield in kt for simulation of 

nuclear explosions. 

(1) 

It should be noted that for other field sceneries, other yields may be 
calculated for height- of- bursts (HOB), or for dynamic overpressure impulse, 
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TABLE 6. PREDICTED YIELD FOR FULL-SIZE FROM EXPERIMENTAL 
SIDE-ON OVERPRESSURE IMPULSE 

Shot Driver Driver Driver Throat Side-on 
Number- Pressure Length Volume Baf.fle Ratio Overpressure Impulse Yield 

Station kPa m m3 kPa kPa-ms kt 

4-200 314 6.34 166.9 16: 1 17.0 1.30 0.1 
47-200 317 19.37 510.0 18.6 3.20 1.9 
53- 200 338 51 .22 1348~6 14 .0 7.47 34. 0 
55-200 359 101.93 2683.8 13.0 15.55 365 . 0 
57-200 352 135.19 3559.5 13.0 18.66 632.0 

6-200 11 24 6.34 166.9 34. 1 4.41 1. 3 
49- 200 1096 19.37 510.0 49.1 9.62 7.6 
79-200 1124 41.09 1081.9 42 . 5 20. 50 91.0 

0' 78-200 1117 62.81 1653 . 8 40.5 28.84 178.0 0' 
80- 200 1145 83.07 2187.2 45.0 41.04 677.0 

8-200 3137 6.34 166.9 66.7 10.57 6.3 
69-200 3137 19.37 510.0 94.6 24.02 49.0 
70-200 5171 19.37 510.0 127 .0 36.54 132.0 
75-200 3137 41.09 1081.9 94.0 48.88 41 1.0 
77-200 3123 62.81 1653.8 99.0 72.66 1275.0 
11 -200 8274 6.34 166.9 113.4 23.95 44.0 
71-200 8486 19.37 510.0 172.4 56.68 419.0 
72-200 11549 19.37 510.0 202.5 75.09 882.0 
13-200 14479 6.34 166.9 155.8 40.52 67.0 
66-200 13962 10.68 281.2 192.0 60.00 466.0 
65-70 17582 3.44 90.6 200.0 25.98 37.0 
65-200 17582 3.44 90.6 141.0 30.78 74.0 



TABLE 6. PREDICTED YIELD FOR FULL- SIZE FROM EXPERIMENTAL 
SIDE- ON OVERPRESSURE IMPULSE (CONT.) 

Shot Driver Dr i ver Driver Throat Side-on 
Number- Pr essure Length Volume Baffle Ratio Overpressure Impulse Yield 

Station kPa m m3 kPa kPa-ms kt 

81 -200 483 19.37 510.0 33: 1 15.7 4.81 7.3 
85-200 483 38 .19 1005 . 5 15. 7 9.09 51.0 
89-200 496 54 .12 1425.0 13. 5 11. 51 138.0 
91-200 545 83 .07 2187. 2 15. 0 20 . 69 641.0 
35-200 2027 6.34 166. 9 39.0 6.84 4.0 
82-200 1827 19.37 510.0 39 . 3 16.74 58.0 
86-200 1827 38. 19 1005.5 40.6 31 . 35 356.0 
90-200 1834 54.12 1425 . 0 39 .8 41.04 771.0 

C\ 37-200 5192 6.34 166. 9 83.4 15.45 14.9 
-.....! 

83-200 5199 19. 37 510.0 88.9 37 . 60 198.0 
87-200 5240 38.19 1005 . 5 94.9 74. 10 1415.0 
40-70 14479 6. 34 166.9 195.3 32. 37 72.0 
40-200 14479 6.34 166.9 142.4 36.28 121.0 
84-200 14789 19.37 510.0 200. 0 86.96 1386.0 
94-200 903 42.54 1120.1 64:1 13.0 18.80 681.0 
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if des ired. The method of yield calculation would be the same, but 
impulses would be compared to another impulse- yield curve instead of Figure 
31 . 

The yields as a function of side-on overpressure and driver/throat 
ratio configuration are presented in Figures 32 and 33. Data are, plotted 
from both Tables 3 and 6 in order to compare Stations 7 and 20. These 
cur ves are ordered very well except for points on the 223 kPa set at the 
high yi e ld end. There, the recompression fan has shortened the positive 
wave duration and the corresponding yield for a particular driver con
figuration. As a result, the curve t urns away from the left axis to the 
right - indicating a longer driver is needed . 

Table 6, above, lis ts the calculated full-size yields in the last 
column, as a function of the various test station pressure levels and the 
driver configurations used in the tests. The table illustrates the range 
of yields available for a single, cold gas driver design. Most are 
adequate except at low yields (below 50 kt) for t est station pressures 
above 200 kPa. The decay rate caused by the relatively short positive 
durations needed, will be substantial. The driver pressure then would have 
to be increased to achieve the desired test station pressure level . This 
would add addit ional expensive material design constraints on the driver. 
A heated driver design would probably be a better trade-off for a large 
simulator than designing for the expected increased driver pressure needed. 

4.2 Throat Baffle Effects. A major element in the design of the 
driver configuration is the test section to throat baffle area ratio 
(baffle ratio). As noted in the tables and graphs, throat ratios of 16:1, 
33:1, and 64: 1 were listed for this set of experiments. The throat baffle 
size is most important when designing for large yields (600 kt/at low test 
pressures (13-15 kPa in these tests)) . Values from Table 6 show the effect 
of the change in throat baffle ratio. Figure 34 illustrates the similarity 
of waveforms obtained by varying the driver length, the driver pressure, 
and the baffles ratio. To summarize, the increasing baffle· ratio (smaller 
area baffle) restricts the driver flow to add more duration to a waveform 
produced by a given driver length. The peak overpressure produced becomes 
a smaller value at the same time. 

-Figure 34 illustrates the results of three baff l e ratios used . The 
maximum driver length needed at the 13- 15 kPa overpressure was 42.5 m 
(full- size) when it was used with the 64:1 baffle ratio; whereas, a 135 
meter length is needed for the 16:1 baffle ratio. A penalty in increased 
driver pressure must be paid, however, for the shortened driver as is seen 
from Figure 35. The driver pressure (noted in parenthesis) must be roughly 
doubled for a throat ratio increase of two times if the test section pres
sure is to be maintained. At low driver pressures, the smaller length 
driver probably will still be a cost effective design for the f ull-size 
simulator. 

5. SUMMARY AND CONCLUS IONS 

Experimental data have been obtained and compared with BRL- Ql D hydro
code predictions of blast effects obtained for a 1:57 scale shock tube 
model of a single cold air driver for large blast thermal simulator. 

79 The text is continued on page 84 . 
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Thermal effects were not a part of this study. BRL has the t ask of prepar
ing a design for the Army of a large simulator capable of full - size multi
service equipment tests to simulate the blast and thermal e ffects from 
nuclear events. The experiments and code comparisons reported here were 
designed to give insight into a number of blast parameters fundamental to 
the design of such a simulator. 

Parameters studied were: blast wave decay, overpressure in the test 
section as a function of driver pressure, blast wave duration and impulse 
as a function of driver/throat baffle configuration, and effects of t he 
cold air driver gas/recompression fan arrival at a particular test station . 

It was concluded that a station at 20 test section diameters was needed 
to minimize the cold gas/recompression fan effects, at test station pres
sures of, and above, 100 kPa. A pressure decay problem was also evident 
above this pressure for low yields (short duration, blas t waves). This 
could be corrected with the use of still higher driver pressures. The sug
gested preliminary large simulator design had not provided for these higher 
pressures. 

A heated driver to replace the cold driver design should probably be 
considered. Nearer test stations might possibly be utilized in the heater 
driver design. Acceptable levels of recompression fan and peak pressure 
decay effects, hopefully, could be obtained with such a design. Cold gas 
effects would, of course, have been eliminated by the heated driver. 
Throat baffles would still be needed to minimize the driver length at the 
low pressure/high yield end of the simulator's operating range. 

The BRL-QlD code was quite helpful in predicting the general waveforms 
for the various driver/baffle configurations tested. The predicted 
enhancement of the drag because of cold gas/recompression fan effects from 
the code were higher than actually measured. Also, the code predicted more 
test time to be available before the cold gas or recompression fan arrived 
at a given test station. The QlD code did furnish some helpful guidelines 
for a very complicated blast parameter study; it did it efficiently and at 
a low cost. Further computations utilizing two-dimensional hydrocodes, 
accounting for the real gas effects present experimentally, would of 
course, provide better experimental agreement. This would be done at 
greater costs in both computing time and effort, however. 
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