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Figure S1. Pyrolysis width vs time: (a) Set 1, original domain at 0.1 m/s; (b) Set 2, original domain at 1 m/s
; (c) Set 3, larger domain with original fuel, at 1 m/s ; and (d) Set 4, larger domain with changed (‘lighteré&
drier’) fuel, at 1 m/s
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Figure S2. HRR vs time: (a) Set 1, original domain at 0.1 m/s; (b) Set 2, original domain at 1 m/s; (c) Set 3,
larger domain with original fuel, at 1 m/s; (d) Set 4, larger domain with changed (‘lighter & drier’) fuel
parameters at 1 m/s.
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Figure S3. Fireline intensity vs time: (a) Set 1, original domain at 0.1 m/s; (b) Set 2, original domain at 1 m/s;
(c) Set 3, larger domain with original fuel , at 1 m/s; (d) Set 4, larger domain with changed (‘lighter & drier’)
fuel at1 m/s;
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Figure S4. Dynamic RoS : (a) Set 1, at 0.1 m/s; (b) Set 2, at 1 m/s; (c) Set 3, large domain with original fuel,
at 1 m/s; (d) Set 4, large domain with changed (‘lighter & drier’) fuel at 1 m/s.
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(a) RoS vs slope angle, 0.1 m/s (Set 1). Dynamic maximum values are not shown as these are too large.
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(b) RoS vs slope angle, 1 m/s (Set 3)
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Figure S5. — RoS correlations, RoS vs slope angle: (a) at 0.1 m/s (Set 1); (b) at 1 m/s (Set 3), original fuel; and
(c) at 1 m/s (Set 4), changed (‘lighter & drier’) fuel parameters.

(The slope values obtained from the linear fit equations to the fire front plots in Fig. 5(a) for each case are
plotted against slope angles in Fig. S5(a) for 0.1 m/s wind velocity. Since we did not observe any notable
variations in the fire isochrones pattern and fire front locations between these two sets, only set 3 simulation
results are presented in the RoS calculations for 1m/s cases. RoS results for 1 m/s cases are shown in Fig.
S5(b), obtained from linear fit equations to the fire front locations plotted for set 3 in Fig. 5(c). In Fig. S5(c),
the RoS results of changed (‘lighter & drier’) fuel parameter cases are presented, obtained from the fire front
locations plotted in Fig. 5(d) for changed fuel (set 4) simulations.

The dynamic RoS values are also plotted along with the quasi-steady RoS values in Fig.55(a) — (c). The
dynamic RoS values (with maximum and minimum bounds and average values) are extracted from
Fig.54(a), (c) and (d). Averaged dynamic RoS values are extracted from approximately 40-250 s from
ignition for all cases. Note that dynamic RoS values are instantaneous values obtained by differentiating
the fire front location data along the centreline of the burnable grass plot at each simulation output time,
whereas the quasi-steady value is obtained from a linear fit to the fire front location. The two methodologies
used to determine RoS may not be consistent in some scenarios, especially for lower slope angles at such a
low wind velocity (nearly zero), where the fire front moves very slowly).
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Figure S6. Comparison of the effect of slope at different driving wind velocities: RoS/RoS (at no-slope)
between WFDS quasi-steady results and empirical models for higher wind velocities, (a) at 12.5 m/s; (b) at
6 m/s; (and (c) at 3 m/s.
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Figure S7. Flame contour (red) with temperature contour shaded (in yellow) in the background along with
detachment location (black dot) and wind vector plots (white arrows), at various times: Frames (a-e): +20°
at 1 m/s (Set 3); Frames (f—j): +20° at 0.1 m/s (Set 1)
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Figure S8. Flame length vs time: (a) at 0.1 m/s (Set 1); (b) at 1 m/s (Set 3); (c) Quasi-steady flame length L vs
slope with empirically derived values for at 0.1 m/s (Set 1) and at 1 m/s (Set 3)
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Figure S9. Total Heat fluxes as a function of time: (a) Radiative heat flux vs time at velocity 1 m/s; (b)
Radiative heat flux vs time at velocity 0.1 m/s; (c) Convective heat flux vs time at 1 m/s; (d) Convective heat
flux vs time at 0.1 m/s.



Rothermel models equations and correlations — SI units [1-4]
‘Original” Rothermel model equation to determine RoS

RoS=f( Wo, 6, 3, M, M, U, @, O, h, py, S, Se) (S1)

wo  Ovendry fuel loading (kg/m2)

O fuel depth (m)

o Surface area-to-volume ratio, cm!

My Fuel moisture content, dimensionless fraction

M:x Fuel moisture extinction, dimensionless fraction
u Windspeed at midflame height, m/min

Ds slope factor

®»  wind factor

tan @ slope, dimensionless fraction

h tuel heat content (fuel’s heat of combustion), k]/kg
Pr ovendry particle density, kg/m?

St Fuel total mineral content, dimensionless fraction

Se Fuel effective mineral content, dimensionless fraction

Rate of spread RoS (m/sec):

RoS = I 1+ dw + ds ($2)
= *x & —
? R*S pb x € x Qig
Reaction Intensity Ir (kW/m?):
1
1R=a(F'*WTl*h*T’]M*T’]S) (S3)

Optimum reaction velocity (min™)

I = I'" max [,Bl‘%p exp (1 - B"%p)r (54)



Maximum reaction velocity (min)
["max = (0.0591 + 2.9260" — 1.5)" — 1

Packing ratio 3

_ob
P = o
Ovendry bulk density ob (kg/m?)
pb = %

Optimum packing ratio pop

fop = 0.203950 08189

Dimensionless parameter A
A =189033g707913

Net fuel loading Wn (kg/m?)
Wn =w,(1—ST)

Moisture damping coefficient (dimensionless parameter), 1M

=1 (259420 451 (M) 32 (2
nmM=1- (2. *M + 5. — 3. Mx

_x Mx

Mineral damping coefficient (dimensionless parameter), 1js

1S = 0.174s,701°

Propagating flux ratio (dimensionless parameter), £

£ = (192 + 7.90950) 1 exp[(0.792 + 3.75975°5) (B + 0.1)]

Wind coefficient (dimensionless parameter), Qw

dw = C(3.281U)5 (ﬁ’%p)_E

(S5)

(S6)

(57)

(S8)

(59)

(S10)

(S11)

(S12)

(S13)

(S14)



Dimensionless parameter C

C = 7.47 exp(—0.87115°%5%) (S15)

Dimensionless parameter B

B = 0.159885°>* (S16)

Dimensionless parameter E

E = 0.715exp(—0.010940) (517)

Slope factor (dimensionless parameter), @s

®s = 5.2758 %3 (tan ®)? (S18)

Effective heating number (dimensionless parameter), €

Heat of pre-ignition (kJ/kg), Qig

4528

£ = exp (_ ) (519)
o

Qig = 581 + 2594Mf (S20)

‘Modified” Rothermel model equations to determine RoS [4]

Wo

My
M or Mc

s
o
tan ©

ho

Pr

Ovendry fuel loading (kg/m?2)

fuel depth(m)

Surface area-to-volume ratio, cm™

Fuel moisture content, dimensionless fraction
Fuel moisture extinction, dimensionless fraction
Windspeed at midflame height, m/min

slope factor

wind factor

slope, dimensionless fraction

heat of combustion of volatile gas, kJ/kg

ovendry particle density, kg/m?



T Temperature ambient °C

Qs Heat of Pyrolysis kJ/kg

Rate of spread RoS (m/sec):

_(f*hv*wo*'[‘*ﬁM)(1+d>w+<bs)

Ros [ob & = (Qf + Mf * Qw)]

Where;

Propagating flux ratio (dimensionless parameter), £

§¢=1—exp(—0.17ap)

Packing ratio
B =pb/pp

Ovendry bulk density (kg/m?3), pb

pb =%

Optimum packing ratio fop

Bop = 0.20395¢5 08189

Maximum reaction velocity T (min)

T=0.340 (o B *+5) % exp (—a * g) Pf(nx)

Extinction index Pf(nx)

ln(a*ﬁ*(?*g—gv)

Qf
Mf + G

Pf(nx) =

Heat of vaporization Qw, kJ/kg

(S21)

(S22)

(S23)

(S24)

(525)

(S26)

(S27)



Qw = 4.18(100 — T + 540)

Moisture damping coefficient (dimensionless parameter), 1M

mf
= o (T
i = e (=1)

Wind coefficient (dimensionless parameter), Qw

ow = €(3.2810)5 (ﬂ%)_E

Dimensionless parameter C
C = 7.47 exp(—0.87115%%%)

Dimensionless parameter B
B = 0.159885%*

Dimensionless parameter E
E = 0.715exp(—0.010940)

Slope factor (dimensionless parameter), @s

®s = 5.275p %3 (tan ®)?

Effective heating number (dimensionless parameter), ¢

4.528)

£=exp(— -

(S28)

(S29)

(S30)

(S31)

(S32)

(S33)

(S34)

(S35)
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