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with uni-directional vgrtlcal shear in the background flow (Figure 1) from WRF-flre perpendicular to fire line for: (a) y component of vorticity, (b) vertical velocity w, (c) f | etCrIO ) ‘;V' | ?\V\; ynta IIC}D gssure g/?jr ur all I0NS. g ZO 35700;? ed wi X ese fo.r C ONTROL-(Fi pure 5 propag
Model . . . across the plume (e.g., (b) between 1 to 1.5 km above ground level). As well as
- of-energy release per area. Vectors denote flow in x-z plane. Ambient wind is _ _ . . . . . : . : . L
_ . . . - . . being responsible for dynamic pressure lows in the flow field which may induce/ Figure 7 is the same as Figure 5 except for 900 s into the TANH run. At this time
present; vertical motion and pressure fields in fire plume are displaced downwind . . . . . . : .. . L . .
Both numerical experiments are of a moving grass fire line of uniform of surface heating hinder vertical motion depending on the sign of -dp/dz, these ‘rolls’ of y vorticity Figure 2 shows the TANH fire line stalled, no longer moving in positive x
fuel (load of 0.626 kg m-2, roughness height of 0.036 m) on level terrain, | L would entrain and mix cooler, drier ambient air into the fire plume. direction. The explanation for this is that well-organized structures seen in z
initialized as a line perpendicular to direction of westerly background flow. Initial o >/ 5 m s _ | | vorticity, pressure perturbation, divergence, and -pd/dx fields --- that combined
fire line length/width = 400/20 m. Atmosphere is neutral to convection below 1 km, (Q)r-vorticly (s7) Min, Mox=(-082.057) - Figure 5 shows x-y cross sections at 240 s in CONTROL at 18 m AGL (Above are responsible for steady forward propagation of the fire line --- at previous times
starting with smallest Az = 2.9 m in first grid level. Open boundary conditions 1 02 perturbation; and (d) -dp/dx. Note co-locations of significant z vorticity in (a) [i.e., negative shear in the TANH ambient wind profile advects the counter-rotating
vl 2t et ek Benrda e, _~—— fluid in pure rotation oriented in the vertical] with significant negative divergence vortices back into the fire line.
1 o2 (convergence) in (b) into low p regions and (c) +/- -dp/dx showing positive/
Our goal is to explain why, although surface wind speed in both simulations is the 5 -0s negative forcing in horizontal by x-y p pattern slightly torward of fire line. Light
same (see Figure 1), fire-spread rates (Figure 2) are not. 2 == —  0s black contourlines indicate flre.pe.rlmete_r. CONTROL fire line moves steadily in + (a)zetoMin,Max=(~0.60,0.27)  (c)P—PertMin Max=(-0.16,0.19x10™) _
"""""""""""""""""""""""" * X direction (i.e., eastward) at this time [Figure 3]. 21 VY /\ N A Ny 3 L /\ N ]
A time series of the forward-most (in positive x direction) positions of the modeled - 1 % | - | o 7 Vv \ | 5 A Al UV v \ 000
fire lines are shown in Figure 3. Solid line is for simulation with constant-with- 15| -4 These regions of significant plus/minus z vorticity are the result of two counter- 77 & 4 | IR
: : : : - , : . F : 15 rotating vertical vortices --- or “vortex couplet” --- that develop in the fire line 1.0TE 4 AN Vol | O A
height amblent wind (solld line Figure 1). Hereafter referred to as CONTROL S o S 10 convection. The westerly flow in CONTROL background wind (Figure 2) advects 7 grq °° 7 Vo A
run. Dashed line is for simulation with tanh vertical wind profile of ambient wind N~ F i i T y e _ J g _ _ A k . ~0.05
. . . g - S — 7 1 ; 7
(dashed line Figure 1). Please ignore other lines in Figure 1. Hereafter osp> —H 1 the vortices slightly forward of fire line. Regions of low pressure associated with g ;1 . i ) ¥
referred to as ‘TANH’ run. Figure 2 shows that the fire front in CONTROL moved el —3% e e e e e e _5- the YOI”[ICGS are therefor.e posmo_neo_l ahe_ad of fire I_me 1o _prowde proper -dp/ax - I\ L o2 [ .
steadily forward, while fire front in TANH moved forward at first, slowed, and then 0 B . 4 1ol Ll MOVES t.h.e iz frc?nt I elleEien of .amllolent wmd.. Surfgce. Ny Y 7 X .
finally stalled between 800 to 900 seconds into model run, R (c)P_pert(kPa) Min, Max=(-0.36, 0.61x107) ; convergence is positioned slightly forward of fire line as depicted in Figure 1. bl R/ ol
1‘53_ E 0.0 e | N’i y Ny ~0.4 oS
What are the dynamical reasons for these differences in fire line propagation? o 1 . - - N Kol
S 10— - L5/5ms1 x ‘4\/ ~0.15
~ - ] ) —0.6 1
To date the only fluid dynamical explanation for propagation of a fire front (to the N S ] 02 E—— (o)Y-vorticlty (s7) Min, Mox=(-057,062) = |
authors’ knowledge) is by Clark et al 1996 (J. of Applied Meteorology). In the > 3 s . E o (d)—dp/dxMin, Mox—( 0. 21x1 07%,0.25x107%)
absence of an ambient wind, a vertically-oriented convection column positioned Wf = == 2_g = = ?‘5‘ = = = _ - ' N B4 P \ ) \ N
at xo and yo draws low-level air equally from all sides, and structure of the xor (d)—dp/dz Min, Max=(—0.42x107, 0.14x10™) 56/ e < <« z. ? ' 7 A NSl VvV % 9 0.002
east-west component of the flow at a fixed x position horizontally displaced from - - 05 < <« < <5 Corl i 74 M \ )
convective column has a bell-like shape with a maximum amplitude at y = yo. 5] S N o 00 i ————————— j W B > Z j 1 o ': y Z ) ‘ g 1 : .
Figure 3 shows this geometry. = : 0 : f t
| < O s o 90 ()W (m s™) Min, Max= 75625x1©> e 0.0 derAON L AN
N =N . ~ X 0.81 big A ey vy T Mg ¢4
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In a mean ambient wind, the convective > > O'OOO. ” 2 o i : N j pat =
column is tied to the fire at the surface, Oﬁ% : 1 e - || 1 { ; i $ZZ ’
moving at the fire’s surface rate-of- Fire psition 5 SOl ol By \ ey ST
spread and tilting downstream with Z | - ﬁ 7 N W
height. The effect of downstream tilting is 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 s i l \ j{ N T / 6,005
to shift the center of low-level _ | > - S i | - 2'7 3'1 3*5
convergence ahead of the fire line. The Figure 4 CONTROL z-x cross section at 240 s and y = 810 m. 0.0 T ey ‘ T m) ‘
surface convergence slightly forward of o
the fire line, drawing air from different _ | (O)Zeto(s )Mm Max= ( 0.54,0. 57)  (c)P—Pert(kPa)Min,Max=(—0.18,0.17x107") Figure 7 Same as Figure 3 except for TANH at 900 s. See text for
: T Figure 1 See text for explanation. 1.2 — ; ; ; . ~0.2 explanation
azimuthal angles along the fire line, o I L. B O A e e | I P :
forms a curved inflow region along the 1o Y B T R A i B | 0.3
fire line. This is a “kinematic” Background Wind Profiles \\\%ﬂ \\\%ﬂ
: L . qzoo[ T RS 1.01}F - - -
explanation for fire line propagation. ePo ! Sy ) ’ I I
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- s . o oo 7 oo Concluding Remarks
The flow that propagates the fire’s line oo} E ] £ osrt s =>——4 [+ — > _F S N 1 0002
and convection column in the horizontal £ | . 5 1 : a >—\ "\ %2 —>—>| _o10 2 < e — < 4 %% . _ | | .
is governed (ignoring fluid friction) by the £ 600f ; - G SN b P R 0.000 Why did it take approximately 900 s for advection of vertical vorticity in the
horizontal perturbation (i.e., not © | : o A )y | I s < T o o < e; 222;. negative x direction by the upper-level winds in the TANH run to impact the flow
hydrostatic) pressure gradi,ent force oY '\ b | A T Wf B I s S S éj' == = = : | dynamics in these ways? The answer is that the advection of z vorticity by upper-
Likewise dynamically vertical flow is 200f T .: A7 77> | ol T [ 0 (e) "ire position level winds back into the fire line took place only after significant magnitudes of z
g oy T, m———— N 1/ ) ) S _ _ _ _ | vorticity were established at upper levels. A plot of maximum magnitudes of +/- z
sl (o Els bueyesy) (oee, T LT T T, 0.0 05 10 15 20 25 30 35 40 45 vorticity as a function of height at different times in TANH (not shown) indicates z
HeitzoEl pressu salie & Ul Wind Speed (m/s) 1<E>3Dlva Max= ( 0281070, 10 OO‘?OOgd)—dp/dme Mlapi= (=0.29x1 0,0, BOMO%Q_ = 6 Acin Fi . e TANH vorticity, and horizontal advection of z vorticity, developing from the bottom up as
: : | ' igure 6. As In Figure 4 except 1or : :
responsible for the forward-shifted Figure 2 See text for explanation. o > s> time increases.
| S T T
convergence zone. The key to a A 0.002 . . : . .
d . . L 4000 [Pttt e T The ideas behind Figure 3 remain valid, but what we can amend Clark et al
ynamical’ explanation for fire line : : 1.01}F 1 6 0000 - — e _ | _ o 1996’s ki o ianation for fire | . A il lanati
propagation is to understand the | ‘ R R Figure 6 is the same as Figure 4 except for TANH. As in Figure 4 for 0'S Kinematic: explanation 1or tire fine propagation. ynamical-expiahation
behaviour in terms of a perturbation 30005 5 - s CONTROL, the similar co-location of Significant VY VOI'tiCity (i.e., pure rotation in Yy for fire line propagatlon IS IN term‘?’ of the perturbatlon preSSL!re Qradl_ent force.
pressure gradient force. Pure rotation, S § £ osrt 1 IR direction) with low pressure perturbations, and co-location of significant plus/ The results suggest the perturbation pressure force responsible for fire front
of any sense and any direction, is always I § ~ | Ly > s minus -pd/dz. values and down/up/down motion across plume [e.g., in (b) 250 m movement is tied to the counter-rotating vertical vortices that develop naturally
associated with a region of low dynamic ¢ ool :  Gatand and 1 km above ground level]. When ambient wind is present, vertical motion along the fire line and that then are advected in the direction of background wind.
(perturbation) pressure (Markowski & v : g ot i el I and pressure fields in fire plume are not symmetrical over fire line. Negative Surface convergence slightly forward of the fire line exists because of low
Richardson, Mesoscale Meteorology in " ool : Lo.0002 LT T vertical shear [see (blue) layer in (a)] in the TANH background wind field gives pressure associated with pure rotation in each of these vertical vortices.
o ’ _ _ i o 5 > > +>—— 7 7 7 > > | 7000 : :
Midlatitudes, 2010) in fluid flow. ] - ] o the fire plume an upstream tilt at below 250 m above ground level, and _ o _ _ _ _
Therefore we examlne bOth VOI‘tICIty, a OE o ] : : : : : : : : dOWnstream tllt at helghts above 250 m. A baCKground Wlnd fleld InteraCtS Wlth the entlre ConveCtlon 00|umn- It IS
. : 1000 2000 0.36 0.65 093 122 1.5 0.36 0.65 093 122 1.51 the advecting wind, not the surface wind, that is responsible for the
measure of rotation in a fluid, and (ke (k) 9

. - : positioning of the low pressure centres ahead of the fire line.
pressure fields. Figure 3 See text for explanation. Figure 5 CONTROL x-y cross section at 240 s and z = 18 m.



