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Explosion severity is dependent on the turbulent burning rate which is related to 
the integral-length-scale of turbulence which in turn is a function of the characteristic 
obstacle scale. Methane/air explosions propagating with an approach flame speed of 
about 50 m/s, were made to interact with a turbulence-inducing obstacle in the shape 
of a bar-grid. The scale of these flat-bar grid obstacles was varied by changing the 
number of bars for fixed blockage ratios. The obstacle scale was taken as the bar width 
perpendicular to the flow direction of the propagating flame front. 

In effect, the turbulent Reynolds number, R,, was systematically changed from 
2,500 io 215,000, by varying both the scale and intensity of turbulence. The maximum 
overpressure, rate of pressure rise and flame speed increased with an increase of R,. 
The Karlovitz flame stretch factor, Ka, was also found to influence the explosion 
severity. The overpressures and the estimated turbulent burning velocity ST. were 
shown to correlate well with R,. and also shown to separate into two distinct 
correlations identified by Ka <1 or Ka>l. There was evidence that Ka may be acting 
as a switch between full-burning and partial/local flame quenching (with associated 
lower overpressures) at a critical narrow range of Ka around unity. The results show 
that both the Ka number and the correct dependence on scale are important in 
providing the fundamental understanding framework for improving explosion scaling 
approaches used in industry today. 

Keywords: Explosion, scaling, turbulent Reynolds number, flame quenching 

INTRODUCTION 

Current explosion scaling methods [1,2,3] are deduced from considerations of fundamental 
turbulent combustion models. Such models at present are derived from small scale experiments, at 
low turbulent Reynolds number (Rf) with little or no variation of length-scale. Catlin & Johnson [2] 
estimated that in large scale vapour-cloud explosion tests with pipe arrays as obstacles [4,5], 
lurbulent Reynolds numbers of the order of 70000 were induced, while it is estimated that 
atmospheric explosions can be associated with R/> values in the range of 10*> to 10? [6]. Most 
experimental flame structure studies and modelling of turbulent combustion have been carried out 
for regimes with R^ generally below 20000, with the variation of R/> achieved by changing the 

intensity of turbulence (u') rather than the length-scale ((.). 

In this investigation, Rt was varied from 4,000 to 215,000 by systematic variation of both I 
and u'. The influence of these parameters on explosion overpressures, rates of pressure rise and 
Hame speeds, as well as on the derived turbulent burning velocities was investigated. 

EXPERIMENTAL 

Fifty 10% methane/air explosion tests at 16 different initial conditions were carried out in a 162 mm 
diameter cylindrical vessel with an L/D (length-to-diameter ratio) of 26. The vessel was mounted 
horizontally and closed at one end with its open end connected to a large dump vessel (2.5 m 
diameter) with a volume of 40 m3, more than 450 times greater than that of the test vessel. This 
arrangement allowed the simulation of open-to-atmosphere explosions with accurate control of both 
the test and dump vessel pre-ignition conditions. 
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A pneumatically actuated gate valve isolated the test vessel prior to mixture preparation. A 
vacuum pump was used to evacuate the test vessel before a 1 atm, 10% methane/air mixture was 
formed by partial pressures. The dump vessel was filled with air to a pressure of 1 atm. After 
mixture circulation, the gate valve was opened and spark ignition was effected at the centre of the 
test vessel ignition-end flange. 

The obstacles were 3 mm thick mild steel single and multi-bar grid plates positioned at 6.2D 
from the spark. The obstacle characteristics are presented in Table 1. The characteristic obstacle-
scale, b is defined as the individual bar width. For any single obstacle configuration each bar had 
the same width. The obstacles were designed so that the aerodynamic flow areas between the bars 
were also the same. 

An array of thermocouples along the axial centreline of the test vessel was used to record the 
time of flame arrival. Pressure-time histories were recorded using Keller pressure transducers 
mounted at the ignition-end flange, halfway along (5D downstream of the obstacle) and at the end 
(17D from the obstacle) of the test vessel. Two others were located in the dump vessel. Pressure 
drop and pressure loss measurements were made using differential pressure transducers across the 
obstacle and this enabled the calculation of the velocity of the explosion-induced gas flow (IJ) 
through the obstacle, ahead of the propagating flame. Each test was repeated at least twice. 

RESULTS 

General effects of obstacles / influence of scale 

Figure 1(a) shows the pressure traces recorded at the closed end of the test vessel for tests with a 
grid-bar obstacle of 30% BR with 1, 3 and 5 bars. The corresponding records of flame position 
against time are shown in Fig, 1(b). The general phenomena and mechanism associated with 
explosion development in tubular geometries with and without obstacles have been discussed 
elsewhere [7]. 

The turbulence of the fast unburnt gas flow downstream of the obstacle, induced by e.n 
initial fast elongated flame propagation, resulted in flame acceleration due to turbulent combustion. 
This gave rise to a rapid rate of pressure rise (dP/dt). As the flame propagated into the region of 
turbulence decay the pressure started to fall resulting in the pressure peak Pmax- No rise in pressure 
recorded in the dump vessel prior to the flame exit from the test vessel indicated that the the large 
dump vessel did not influence the explosion development inside the test vessel. 

Figure 1(b) indicates maximum flame speeds upstream of the obstacle of the order of 50 m's 
for all three obstacles (these flame speeds were similar in all tests). Downstream of the obstacle the 
average flame speed (approximated by the slope of the dotted fitted lines as 181, 207 and 247 m/s) 
increased with obstacle scale. This was in accord with the trends in both the rate of pressure rise and 
the maximum pressure attained. 

The thermocouple time-of-flame-arrival data downstream of the obstacle, shown in Fig. 1(b) 
indicates the flame sometimes arrived at different positions almost simultaneously, while at other 
times it is shown to arrive at downstream positions before it arrived at neighbouring upstream ones. 
The high maximum flame speeds in this series of tests (150 to 650 m/s) and the associated high 
flame acceleration, may have limited the accuracy of the thermocouple technique. However, it will 
be shown later that most of the present explosions took place in what is described by researchers as 
the distributed reaction zone or the fragmented-flame regime with possible extinction areas. 
Therefore, the apparent time-of-arrival anomaly could simply be interpreted as further evidence of 
fragmented flame zones. 
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On a practical level this made it difficult to obtain sufficiently resolved and reliable flame 
speed data from first analysis of the thermocouple records. A simple smoothing procedure was 
applied to the recorded flame-arrival times so that local minima and maxima points on the derived 
flame speeds, inconsistent with neighbouring trends, were smoothed out. An example of such a 
flame speed record, which corresponds to the single-bar test in Fig. I, is shown in Fig. 2. 

In vapour cloud explosions it is usual to assume that the overpressure is proportional to the 
square of the flame speed [1,8] A more detailed expression was given by Harrison and Eyre [5], 
based on the simplified acoustic theory given by Taylor [9], in terms of the flame speed Mach 
number If the ambient pressure is atmospheric then the overpressure is given by: 

2vM2 

1 + M 

Using a speed of sound of 340 m/s , y =1.4 and applying the averaged flame speeds 
downstream of the obstacle determined as in Fig. 1(b), i.e. 181, 207 and 247 m/s for the 5, 3 and 1 
bar obstacle respectively, Eq. 1 returned overpressure values of 0.52, 0.65 and 0.86 baro . These 
compare well with the average overpressure after the obstacle shown in Fig. 1(a) for each of the 
tests 

The implication of this good agreement is that the mechanism of pressure generation in the 
present tests might be the same as that of vapour-cloud explosions, i e. the pressure rise is due 
mainly to the inertia of the gas immediately ahead of the flame, and it is not significantly influenced 
by the confinement offered by the present geometry 

The pressure signal from the transducer at the test vessel exit showed that in most cases 
there was no rise in pressure at this position - to correspond to the rise resulting from the fast 
burning downstream of the obstacle - until some time after the pressure measured by the transducers 
closer to the obstacle reached a maximum value and began to decay. Since no pressure gradient was 
measured between the test vessel exit and the dump vessel during this phase, then no gas venting 
was taking place While there was no gas movement at the plane of the tube exit, the unburn! gas at 
a few tube-diameters upstream was being compressed up to pressures of over 3 bara by a flame 
travelling with speeds of up to 600 m/s. This would indicate a strong blast wave propagation with 
an associated pressure determined by the inertia of the gas ahead of it that was not influenced by the 
presence of the vent. 

Figure 2 compares the flame speeds predicted by Eq. 1, using the pressure record of the 
single-bar test (in Fig 1) with the experimental measurements. For the first 60 ms of the test, during 
which time the flame was upstream of the obstacle, higher flame speeds than those measured would 
be needed to predict the overpressure on the basis of the mechanism of Eq. 1. The explosion 
development in this section of the vessel is effectively a relatively slow explosion, venting unburnt 
gas through the restriction provided by the obstacle The mechanism of pressure generation is 
therefore quite different from that implied by Eq. I. On the other hand, the good agreement 
obtained downstream of the obstacle supports the premise that the pressure generation in this region 
was due to the inertia of the gas ahead the fast accelerating high speed flame. Strehlow et al f 10] 
showed that a constant speed flame and an accelerating flame with the same maximum flame speed 
would generate equivalent blast waves. 

Figure 3 shows a plot of recorded maximum overpressure (for all repeat tests) against the 
characteristic obstacle-scale The scale of the obstacle was varied by changing either the blockage 
ratio (for a fixed number of bars) or the number of bars (for a fixed blockage ratio) The data is 
grouped for constant blockage ratio and for each set the overpressure increased as the obstacle-scale 
increased For the same obstacle-scale the overpressure was generally higher for higher blockage 
ratios. However, the relative increase in overpressure with increasing blockage ratio decreased as 
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the blockage ratio increased. The overpressures at blockage ratios of 55, 60 and 70 % are shown to 
effectively be on the same line. At these blockages the overpressure was apparently independent of 
the blockage ratio and dependent only on scale. Furthermore, the large scale (single-bar, 111 mm) 
80% BR tests gave lower overpressures than those given by the lower scale single-bar obstacles at 
BRs of 70 and 60 and 55 %. As will be quantified below, increasing blockage ratio increases the 
rms turbulent velocity u' and hence the overpressure increases as the mass burning rate increases. 
The levelling off of the overpressures (for the same obstacle-scale) for BR>55% and the observed 
reduction at BR=80% would indicate the onset of a counter-acting mechanism, such as turbulent 
flame quenching. 

Estimation of turbulent combustion parameters 

Phylaktou and Andrews [11] presented a method to predict the maximum turbulence levels 
generated downstream of a grid plate obstacle by an explosion induced flow. For thin shaip 
obstacles they showed that the turbulence intensity is given by, 

% = 0.225VK (2) 

where K is the pressure loss coefficient and U is the mean velocity of the flow induced ahead of the 
flame, determined from transient differential pressure measurements across the obstacle [7]. 

Measurements of the length-scale of turbulence £, immediately on the downstream side of 
grid plates have been carried out by Baines and Peterson [12] and Checkel [13]. This data was 
analysed and it was found that at the position of maximum turbulence, £ ranged from 30 to 80 % of 
the characteristic grid-scale, b [14]. Recent experimental measurements of t by Shell Research Ltd. 
[15] showed that t' = b at the plane of maximum turbulence and this was the largest length scale 
measured in the flow. In view of the uncertainties of the previous measurements it was decided to 
adopt f. = b for the evaluation of the integral length-scale of turbulence in the present work. 

Evaluation of u' and I enabled the calculation of the turbulent Reynolds number R, and the 
Karlovitz number Ka in the region of maximum flow turbulence downstream of the obstacle just 
prior to flame arrival, according to Eqs. 3 and 4 [ 16] 

R,=u>/v (3) 

Ka = 0.157(u'/S,)2R;05 (4) 

The Karlovitz stretch factor is a measure of the flame straining. At sufficiently high 
turbulence levels (and thus high straining) the flame front becomes fragmented and is partially or 
totally quenched. This number is fundamentally defined as the ratio of chemical to turbulent 
lifetimes [17]. The turbulent lifetime decreases with increasing turbulence levels and thus Ka 
increases. In theory, flame quenching occurs when Ka >1, but the actual threshold value may be 
different, depending on the definition and approximations employed in the quantification of Ka 
[16,18]. 

The measured explosion-induced mean gas flow velocities (U) ahead of the flame just prior 
to its interaction with the obstacle are shown in Table 1, along with the other calculated turbulent 
combustion parameters for each test condition. Corrections for isentropic compression at the time of 
flame arrival at the obstacle resulted in minor variation of the mixture kinematic viscosity and 
laminar burning velocity. The latter was taken to be 0.45 m/s at standard temperature and pressure 
[19].The turbulent Reynolds number ranged from 4,000 to 215,000 and this covers the range 
encountered in practical turbulent combustion systems and large scale vapour cloud explosions. In 
terms of the Borghi flame-structure phase diagram [20], defined by the parameters u'/Si. and &5i,, 
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the majority of llie present tests lie well williin the "thickened-wrjnkleu flame with possible 
extinctions" regime or in terms of the terminology of Peters [21], in the "distributed reaction zone". 

The influence of Karlovitz stretch factor 

As shown in Table 1, for a number of tests the Karlovitz number was greater than I, which is the 
theoretical limit above which flame extinction is predicted (see earlier discussion). It should be 
noted that total flame extinction was not observed in any of the present tests. In all cases the 
explosion propagated strongly, generating significant overpressures. However, some definite 
influence of the Karlovitz number was observed and is presented below. 

Figure 4 plots the maximum pressure against Ka for a series of tests with approximately 
constant obstacle scale, as shown. The increase in Ka was achieved by increasing the maximum u' 
(see Eq. 4) from about 3 to 25 m/s by increasing the blockage ratio and the scale was kept constant 
by simultaneously increasing the number of bars. Up to approximately Ka =1 there was an increase 
in maximum pressure with increasing u' and this may be attributed to the effect of u' rather than to 
the Karlovitz number directly. However, any further increases in u' which in effect increased Ka to 
values greater than unity, resulted in slightly reduced, but fairly constant pressures independent of 
Ka. It is worth noting at this point that in the present system the turbulence was non-uniform, highly 
anisotropic in the immediate region downstream of the obstacle and decaying further downstream. 
It would appear that for these high Ka number tests, the flame did not burn in the regions of 
maximum turbulence until levels of u' had decayed to a lower effective value, ca 13 m/s. (and thus 
lower local Ka) which would have allowed flame propagation. 

For the tests in Fig. 5 both the scale and the turbulence levels were increased 
simultaneously. The maximum pressure increased strongly to over 2.5 bar, until Ka exceeded unity, 
at which point a reduction of pressure was observed despite the further increase in both scale and 
turbulence. In this plot it would appeal' that the critical Ka was lower than 1, however this might be 
simply due to the lack of data points for Ka near unity. This plot demonstrates that at larger scales it 
is possible to induce higher levels of turbulence without entering the flame quenching regime and 
thus result in significant overpressures which are not possible at smaller scales (cf Fig. 4), unless 
the Karlovitz number is maintained below 1, through perhaps an increase in the value of the laminar 
burning velocity Si (see Eq. 4). This in fact is the technique used by British Gas [2] and Shell 
Research [1] in the development of their explosion scaling methodologies, although in the Shell 
work the increase in reactivity was intended to maintain the compressibility effects at small scale 
rather than to influence Ka. 

Both Figs. 4 and 5 suggest that the Ka number may be acting as a switch between full -
burning and partial-burning at a critical value of around unity rather than having a continuous 
influence over the range of values. 

The influence of scale and Reynolds Number 

From all the tests in this study, those carried out with the 30% BR and different number of bars (see 
Fig. 3) effectively isolate the effect of obstacle-scale (or turbulent integral length-scale) on the 
overpressure. The Karlovitz number was low and approximately constant (0.15 — 0.30) and the mis 
turbulent velocity was also fairly low and constant (4.4 - 4.7 m/s). The plot of these tests in Fig. 3 
suggests a fairly strong dependence of pressure on scale. 

In all the tests only u' and t were intentionally changed. The appropriate dimensionlejs 
number that might incorporate their combined influence is the turbulent Reynolds number, R, (Eq. 
3). Figure 6 (continuous line curves - LHS axis) is a plot of the measured maximum pressure 
against R,. The data separated into two distinct groups identified by their Karlovitz number range. 
This is effectively a reiteration of the previous observation that at the critical value of Ka = 1 there 
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was a sharp Iransilion to partially quenched combustion with consequent lower overpressures, for 
the same R, values. 

The equations of the fitted lines for the two combustion regimes are as follows 

Pm a x = 0.017Rj43 (baro) for Ka^ 1.0 (5) 

P t n a x=0.044R^3 1 (baro) forKa>1.0 (6) 

The single point between the two lines corresponds to a test with Ka=1.00 and it would 
suggest that it defines the critical transition Ka. Furthermore, the point at the highest R, corresponds 
to a Ka=l .05 and this would suggest a very sharp transition boundary between the two regimes. On 
the other hand, the limited number of data points on this plot means that the above deductions are 
speculative and it is possible that more points on this plot may reveal a more systematic influence of 
Ka. 

The rate of pressure rise is an important parameter in turbulent explosions as it is related to 
the mass burning rate, and it is also critical in structural response design. The maximum rate of 
pressure rise (as indicated in Fig. 1) was measured (by differentiating the smoothed pressure signal) 
and found to correlate well with maximum pressure according to 

fdP 0.54 
Pmax = 0-037<VHt ^ a r / s ) <7> 

max 

Graphical correlation of (dP/dt)max against R, produced the following equations in agreement with 

derivation of dependence through manipulation of Eqs. 7, 6 and 5. 

dP/ . l = 0 . 2 4 8 R " - 7 8 8 (bar/s) forKa<1.0 (8) 
'dt max 

,0.514 = 2.45RV3,( (bar/s) forKa>1.0 (9) 
at/max { 

A TURBULENT BURNING VELOCITY CORRELATION 

The applicability of Eq 1 to the present experiments was validated earlier and it was used to obtain 
the maximum flame speeds corresponding to the measured maximum overpressures. On the 
assumption that the flame speed is also given by the product of the adiabatic expansion factor and 
the turbulent burning velocity, Sf =E ST , it was possible to obtain ST (E was assumed constant at 
7.5, ignoring any compressibility, flame-thickness and heat loss effects ). 

Figure 6 (dashed-line curves - RHS axis) shows the derived ST as a function of R , , for the 
two Ka ranges. The correlating equations were 

ST = 3.01R°27 (m/s) fo rKa<l (10) 

ST = 5.15R^20 (m/s) fo rKa>l (11) 

It should be noted that in the present tests the kinematic viscosity of the mixture was not a variable. 
The implicit dependence on this parameter, indicated in Eqs. 10 and 11 (and in previous equations), 
was therefore not validated. However, the other two parameters defining R, (£ and u') were the main 
variables in this study. Additionally their individual influence on S r was verified by multi-variant 
regression analysis for the Ka < 1 regime (where more data points were available) as 
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ST = 67.9u'0-25±0.03^9i0ia! ( m / g ) f o r K a < l (12) 

therefore the dependence on R, indicated in Eq. 10 is an acceptable compromise of the individual 
dependencies. 

By substituting for R, using Ka (Eq. 4), Eq. 10 can be rewritten as 

u,1.08 

Bradley et al [22] proposed the power law (for Le =1 and Ka = 0.01 to 0.63) 

c !?L 
.03 

(14) 
' Ka(' 

In general terms these expressions are similar, however in terms of actual dependencies it can be 
shown that Eq. 14 gives ST °c u'°'5S (. °'15 compared to the exponent of 0.27 for both variables in the
present correlation. 

For combustion in the distributed reaction zone Gulder [23] proposed 

STxu'W 5SL
0 7 S (15) 

which shows good agreement with Eq. 12 with regard to the dependence on u' but it shows no 
influence of scale. 

Again, for the distributed reaction combustion regime Damkohler [24] proposed 

Sj • * u ^ a 0 J - - ™ - 5 (16) 

Ka 

which is in close agreement with the present correlation - Eq. 13. 

Based on fractal theory, Gouldin [25] proposed 
S T / S L O C Rf26 (17) 

which is in good agreement with Eq. 10. However, the fractal concept of this model applies to a 
continuous uniformly-disturbed surface and therefore it could be argued that this concept is not 
valid in the distributed reaction zone. Nevertheless, Shell Research [1] have employed this model in 
developing their explosion scaling methodology. The relative success [26] of this approach would 
indicate that the scale dependence predicted by Eqs 17 and 10 might be correct. 

CONCLUDING REMARKS 

In this study the turbulent Reynolds number of methane/air explosions was systematically changed 
by varying both the scale and intensity of turbulence. The maximum overpressure, rate of pressure 
rise and flame speed increased with an increase of R,. This trend was also influenced by the 
Karlovitz number. There was evidence that Ka may be acting as a switch between full -burning and 
partial-burning at a critical value of around unity rather than having a continuous influence over the 
range of values. 

It was shown that at larger scales it is possible to induce higher levels of turbulence without 
entering the flame quenching regime. Significant overpressures would result which are not possible 
at smaller scales, unless the Karlovitz number is maintained below 1, through perhaps an increase in 
the laminar burning velocity of the mixture. 
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The overpressures and the estimated burning velocity ST were shown to correlate well with 
R, in the range of 4000 to 215000. The data was shown to separate into two distinct correlations 
identified by Ka ^ 1 and Ka > 1. This indicated that at the critical value of Ka = 1 there was a shaip 
transition to partially quenched combustion with consequently lower overpressures, for the same R, 
values. There was no evidence of total flame quenching in any of the tests. 

This indicates that caution should be used when applying isotropic-turbulence flame-
quenching criteria in turbulent explosion modelling. In explosions the turbulence generated by 
obstructions is highly anisotropic (and transient) and it may be ignited by strong ignition sources 
(such as jetted flames rather than small sparks). In regions of high turbulence the flame may quench 
locally, but parts of the flame front could propagate through regions of lower turbulence and 
therefore the explosion would be sustained and could still result in significant overpressures. Even 
in the case of complete turbulent flame extinction, the decaying nature of turbulence may allow re-
ignition of the mixture by the hot combustion products. 

The dominant combustion regime in the present tests was identified as that of a distributed 
reaction or a fragmented flame front. The ST correlation (at low Ka) compared well with turbulent 
combustion models that specifically refer to combustion in the distributed reaction zone. 

Figure 6 (and the associated correlations) may provide a basis for predicting maximum 
explosion overpressures and also for designing scaled explosion experiments for more detailed 
investigation of the explosion development. They appear to bring together a number of features that 
have been found to be partially successful in explosion scaling practice to date. 

NOMENCLATURE 
a speed of sound 
p density of the fluid 
y specific heat ratio 
v viscosity of the mixture 
(dP/dt) rate of pressure rise 
b characteristic obstacle-scale / bar width 
BR blockage ratio 
D diameter of tube 
Da Damkohler number (=T/Ka) 
E expansion ratio 
K pressure loss coefficient 
Ka Karlovitz number 
t. integral length-scale of turbulence (= b) 
L length 
Le Lewis number 
M Mach number 
P pressure or overpressure 
Rf turbulent Reynolds number 
Sf flame speed 
SL laminar burning velocity 
ST turbulent burning velocity 
U mean velocity of the flow 
u' root mean square (rms) turbulent velocity 
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Test 

No 

1 

2 

3 

4 

6 

5 

7 

8 

9 

11 

10 

12 

14 

15 

13 

16 

BR 

% 
20 

30 

30 

30 

30 

40 

40 

55 

60 

60 

70 

70 

70 

70 

80 

80 

Number 

of bars 

1 

1 

2 

3 

5 

1 

2 

1 

1 

3 

1 

2 

3 

5 

1 

4 

mm 

25.6 

38,5 

20.2 

13.7 

8.5 

51.8 

27.0 

70.0 

79.7 

28.3 

94.8 

49.3 

33.5 

20.6 

111.3 

29.6 

U 

m/s 

23.9 

23.7 

23.1 

22.5 

23.0 

24.1 

23.6 

21.8 

20.0 

20.7 

18.7 

18.9 

18.7 

18.3 

15.9 

15.4 

u7SL
 a 

6.0 

10.3 

10.0 

9.7 

9.9 

16.0 

15.7 

25.4 

28.5 

29.5 

39.8 

40.4 

39.9 

39.2 

55.8 

54.2 

R! 

4787 

12299 

6308 

4163 

2634 

25807 

13163 

56701 

72766 

26573 

125450 

65836 

44261 

26341 

214319 

54409 

Ka 

0.08 

0.15 

0.20 

0,23 

0.30 

0.25 

0.34 

0.42 

0.47 

0.84 

0.70 

1.00 

1.19 

1.48 

1.05 

1,98 

mL
 b 

793 

1198 

631 

428 

265 

1613 

838 

2235 

2549 

900 

3148 

1631 

1109 

673 

3843 

1003 

Table 1. Test conditions, measured and calculated combustion parameters. 
aThe laminar burning velocity was constant (10% CH4/air (v/v) S L = 0 . 4 5 ) 
b laminar flame thickness, 5L = V/SL . This gives a thickness that is about l/30th of the actual 

experimentally determined value of 1 mm. Nevertheless this approximation is implicit in 

the evaluation of Ka and a number of turbulent combustion regime diagrams are defined in 

terms of this approximation. 
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ICHEME SYMPOSIUM SERIES NO. 144 
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Fig. 1 (a) Pressure-time histories and (b) corresponding flame position against time for tests with 
obstacles of different scales at constant BR = 30%. 
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300 -

2 5 0 -

3> 2 0 0 -
c 

S. 150-

H- 100 H 

50 -

0 -

5 

Calculated «. 

.' / Measured 

5 60 65 

Time (msec) 

A" " '" '• 'v.^T -" 

BR=30% 
b=38.5 mm 
Single bar 

70 

Fig. 2. Measured flame speed history compared to that calculated using Eq. 1 for the single-bar, 
30% BR test. 
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Fig. 3. Variation of maximum overpressure with scale for all blockage ratios tested. (Equation 
shown is for the line fitted to 30% BR data. See text) 
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Fig. 4. Variation of maximum oveqiressure with Ka. for approximately constant obstacle-scale 
(increasing u'). 
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Fig.5. Variation of maximum overpressure with Ka for obstacles of increasing scale. This 
illustrates the combined effect of u' and scale. 
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ICHI-ME SYMPOSIUM SHRIF.S NO. 144 
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Fig.6. Maximum overpressure (LHS axis) and turbulent burning velocity (RHS axis) plotted 
against R, for the data sets, [Ka > 1 ] and [Ka < or = 1], 
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