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ABSTRACT

The interaction of an anchored flame with a low-level acoustic field is

considered. The flame is considered to be 'held‘ by a gauze through

which the reactants are allowed to flow. Small perturbations in velocity

in the combustion zone are linked upstream and downstream with order

0(M) acoustic disturbances at large distances from the source, (where M

is the flow Mach number). This matching process yields a frequency

condition governing the flame vibration and preliminary results for

emitted acoustic waves are presented.

INTRODUCTION

The theory of flame vibration is a subject much'addressed in the literature and

it is impossible to summarise all the work being done in this area. This

particular paper is a small contribution to the recent research being done on

burner noise.

Jones [1.2] has considered the theory ofvibrating flames in tubes and van

Harten, Matkowsky and Kapila [3] have considered the effect of sound impinging

on a flame front. These works are dealing essentially with adiabatic moving

flame fronts. In this present work the flame is considered anchored with some

heat loss to a gauze (this is considered to be of high conductance - see Clarke

and McIntosh [h]). The physical set up is thus similar to that used by Madarame

[5], but the mathematical model is somewhat different since only long-wave
disturbances in the combustion zone areconsidered. Thus the wave equations

dominate only on (the muchlarger) acoustic length scales outside this zone.

Within the combustion zone the flame responds in a quasi-steady manner to the

fluctuating velocity that it experiences. and in accordance with unsteady

combustion equations includingmass and thermal diffusion. The matching of

values andgradients of temperature, pressure, density and velocity then lead to

a frequency condition which the flame oscillations must obey.

   

This work is thus a contribution to the understanding of acoustical oscillations

encountered in experiments and observed, in particular, by Schimmer and Vortmeyer

[6] and Roberts [7]. -

In this paper, the chemistry (albeit along simple lines) is included and the
activation energy of the combustion becomes a further parameter in the resulting

equation. Preliminary results are shown here for emitted acoustic waves as a

first stage to the modelling of more complicated burner port systems where

resonance and acoustic forcing must be considered.

5 Currently at Department of Mathematics and Computing. Luton College of

Higher Education, Park Square, Luton.
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A statement of the basic equations is made in Section 2. with a summary of the
analysis in Section 3 where the frequency relation is derived for small
amplitude. emitted acoustic waves. Section h constitutes a brief discussion or
the preliminary findings from this result.

BASIC EQUATIONS

The one dimensional unsteady equations in pressure F . density 8 , temperature
T, gas velocity u and lean species mass fraction Cl are given by:

P=g (1)

A e u =
See +$c(e) O

., (2)

8.0—»)$1; + u g1; -51.? ggc()\§; = £2(\+;)Q.f\.dn(d.*\4.l\e

33c '5
+13%") + u3_l= + £KM‘9tX J m

Bc‘ c' ._ 3 d 9‘0-“ET? + u 35: = -laI\.C’2(C'2-+\4J) e , m

' 5_ st; ;
551*u33i; +gl§zeg£'%FB—x(x§) ' (5)

27a Proc.l.O.A. Vols Part1 new  
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These equations are derived from the application of the gas law and the

principles of continuityI energy. lean-species C'g , and momentum. Pressure P,

density Q , and velocity u, are non-dimensionalised with respect to upstream

values. Temperature T is non-dimensionalised with respect to its burnt value.

M represents flou Mach number which will be treated as a small number, and with

small variations in pressureI we adopt the assumption that thermal conductivity

A obeys the rule [8],

QX: | (a)
I

The assumption (for simplicty) of constant specific heat C9 and constant (overall)

mass diffusion leads to the definition of the following non—dimensional transport

coefficients:

Levis number. Le E Cg]. ) (1)
A'l'c,

Scmidt number, S‘ E 24$, , (a)
:

whet-23 and f' represent coefficients of diffusion and dynamic viscosity

respectively andthe dash ' denotes a dimensional quantity. The symbol b’represents

the ratio of specific heats and 'lf,’I is the non-dimensionalised temperature in the

initially steady unournt stream (subscript " a." signifies initial value at.

at. = o “ , the gauze downstream surface - see Fig. 1). Thus 1:." is the

ratio of the temperature Jump across the flame, and for this simple idealised

model downstream heat-losses are not considered. Referring to Fig. 1, the flame

is considered anchored with some heat loss to a porous gauze (considered thin on

an acoustic scale). Hirschfelder conditions are assumed to be obeyed at the

downstream holder surface such that

Ad _ c
C’.(o,e) —- El; ( B2:)L“° — constant , (9)

T(D,t) = constant i , “0)

Proc.l.0.A. VolB Part! (1984) Z79  
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where
"‘62?er 5

is the mass flux at the gauze surface. The two conditions (9) and (10) are

effectively a statement that back diffusion of products is negligible and that

the conductance of the gauze is very large [8]. Before and after the gauze,

acoustic waves are'permitted and at the gauzeI continuity of velocity, pressure

and density is assumed. Far upstream and downstream the boundary conditions are

simply that any disturbances decay. Thus for this preliminary study, feedback

mechanisms and gauze porosity efflects are not included. (Nevertheless the theory

can readily be modified at a later stage to include these).

(11)

It should be pointed out that characteristic diffusion lengths and times have

been used to non-dimensionalise the equations and the initially steady system is

completely described by the mathematical model described in [A]. The non-

dimensional parameters 01 (§., Ei and [\lare respectively the ratio of molecular

weights, the reduced heat of reaction. the activation energy and the so-called

pre-exponential 'eigen' value. This latter quantity is typically (for far-from—

stoichiometric conditions) proporitonal to E5}'. Lastly the term |£l.| in

equation (A) is related to the mixture strength [A].

ANALYSIS

In order to deal with the density changesin the combustion zone it is convenient

to transform the spatial coordinate a: to.
1,

x. E [9 dx . (12)

On this assumption. the differential equations become,

p : e1— 7 (13)

TB-

3‘3 + m Be 4. 23-4 _0 (1a)

m: ° xx. 9 31. - ’

£3‘(" V;

AT“, m AT __l_ Al"- : LQ(\1o-)C‘|A‘C’2(C4‘1\AJ)€ )
9

Se 33c. Ln 3;} ‘3'

+I’l'e\(\-x") +§g§£|+ Aims: , (15)

23° Proc.l.0.A. VolG Part1 (199‘)
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be” mad. : La. ;-L.A.c.(d.+m.ng‘*“”")
a 3—1- x.‘ ’ me)

A“ L l c 2
q I“ U 4- -— = _. J i U , (‘7)

3": a cat. XM‘ x. 3 “337:3

where (see equation (11)) m. represents the mass flux at the gauze surface (z.=o)_

He now consider small perturbations of the variables ‘P,u,'l', d2 one) Q ,

P: fi, +éb,‘ ., I (18)

usu; aISI-L *--" 1 (19)

T=Ts *JT“ *"“ y » (20)

d¢=dn 4-64.. +---'- ', ‘(ZH

€“?:+J€u*---- .; - 122)

where é is a small quantity and the subscript's' refers to the steady values.

Since the steady solution considered here is that or the flat anchored flame, we

know that

h =‘ + W H: ’ (23)
where F“ is a flow induced pressure. 0n the assumption that

  
6 >> Ma. ,- (211)

the differential equations in the unsteady terms become, (at order-J):

1;. bu = 1:1.» 4 9‘1 ,

1’s
[25)

PHILLOA. Vol! Part! (1984) 231
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31: 3'; — 3;. a}. 37‘. Tan V (26)
\

+ T; 2E“ = Cl )
ox.

 

33;. *5]; + (“flungg _J_321-ua : la(|-QE‘)CHRHat ox. L.- El 6. (27),
éC’gu +565. 4. (bu.+h\u.)édb —32C"‘ " “Lia” ) (28)

Au“ +89“ +;‘T—;I(Pu.+uu,)h 4—!— = :iSeB-zu“ (29)

where

 

Ru '5 A. [9‘11(Huh-€336“+’(M.|+2CA)C§‘.] 9xP[5.('-;I'-_s)], (30)
1::

and the term (¥L.+Uu¢\ in the ahove equations is the perturbation of the mass

flux m" at the gauze downstream surface (an: o) and arises in this form

because of condition (10) (ht- TI!>K.=0) = o ) . It should further be
pointed out the term R“ defined by equation (28) appears since [see Ref. 9]

we assume

3<< e." . (31)

and thus linearise the chemical tem. Notice also that,

X“° E X“ (9(|= O) (X: P)? Ce) L!) n (32)

Proc.l.0.A. Vale Part! (1934) 
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Acoustic Zones l

At large distances from the gauze (order M- in terms of diffusion lengths), it
is considered that a small acoustic field is present.’l‘hus we write,

A
a; = Mac. (33)

to define distances on an acoustic scale. Time is not rescaled since for large
wavelength acoustic oscillations, a typical unit or time can be considered to
be comparable to DQI/ Hal. . where 9:" is a typical diffusion length, and Um,
is the initial flow velocity. Under these conditions, we define variations in
pressure. velocity, ~temperature, density and lean species as.

Pu: M Pum,(’€)k) 1- M: Furb)(t‘2,£\ -¢ 7 (34.)

’Vu: MTu'h‘('£,{—) +.... j ('35)

en =Meu("’(a‘c,e)+.... , (36)

LL. : uu‘°’(a’<‘,p + , (37)

Ca. = O ' . (as)

The latter equation emphasises that species variations (as well as 00) variations
in temperature, as will beseen in the next section) decay on combustion length
scales, and do not extend into the acoustic zone.

We now substitute equations (3.1) to (35) into equations (25) to (29) for the
upstream case (where 1'; = L ) and the downstream case (where '1; =12. ).
Keeping leading order terms only, we obtain the classic acoustic equations:

( I (I)

1:“): ( m)-?«°)T°I : (39)

an! (m

56%" —+ g“ )-= C) j (40)

Upstream
Palm) _= K.Qu(n|) ’

(M)

5 (m) 3 (m)
u u _‘. l. 52: L’— O 3 (142)
5? x

PMJDA. VolB Porn (1984) 283   
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(cu) (n) In.)
To: = Pu — 11:“?- , (43)

\ (u) (an
J. 0i)“ '1‘ Au+ a u = 0 (M)Ta 3; '5: ’

Downstream
a.) _ (0a.)

in = 5L et- , (45)
1:.

kn) (an)an i A
g ‘* — 17;“ = O I (1.6)37: X 3,;

u n q II
where superscripts 0' and 61 are used to denote the upstream and downstream
acoustic zones respectively.

Combustion Zone -
Near the flame, we define the following coefficient functions:

bu = Mbu"’(°<..4) + M‘ bflxuu , M)

Tu : 11‘°'(ac.,e) + MTJ“(=¢.,L)+..... , M8]
CE“ = Clflu“)(3fi,t) + M C'gum(3(.)¢r) + ~--~ ; Mae)

(9 I .
a = en ’(am) at Meu"(x.,e)+...-- , (A9)

Uu: UJ°’(=¢.;L-) + MuJ‘WxUH-y...” , (so)

and keep distances measured on the diffusion length scale using the coordinate x..

Substitution of the series expansion (47) - (50) into equations (2'5) to (29)
yield to leading order, the familiar combustion relations linking conductive,
diffusive and reactive terms:

 

ea“): _T“—nru) (5H

1‘; ' ’
m o a

3T}: + éTuH .4. uu:)ATs '11—“ Aunt“: o , _ (52)SE Sc. 3;, a}.

234 Proc.l.O.A. VoIB Pm! (1934)
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An“: én“‘+uJ"AT., - 3‘12”: 4: (Mia-Rum s*——
x 5‘

|_
at B—x‘. a a—x. Lt VI. (53)

Bdef+ adolb.+uu'°’cic‘g, ._ 3169.1” -: — [a QM“) , (51.)
37:, g. 9 En 3;}

but“: EMCL‘IDD a; E on‘d . (55)

u
where Ru ) is as equation (‘50) with 12.02.. replaced by 12‘", CHM
respectively. Note that equation (55) follows as a result of the necessity in
the momentum equation (29), that pressure gradients are small over diffusion
lengths. Note also that although we have not explicitly written them out, there

will be a further set of equations for the next order terms in the combustion

zone series expansion.

Matching of Combustion and Acoustic Zones
Using the principles or matched asymptotic expansions [19] for matching values
and gradients, it can be shown that_the following connections between the

upstream acoustic zone and the combustion zone must apply:

Values:

. r...
{JV-cow) = in )(Oxk) , (56)

Tu‘°'(-ua,e) =0 a (57)

Ceu‘°‘(-m.fl =0 , (58)

e“(c)(-m,k) =0 a (59)

uJ“’(—cn,e) = uu'“"(0.e) , (60)

r.
bemoan 2 ta..(b')(o,g) + BEL“ "l , (an

>2 9: —_o

TJ“(-oo,t) = T.."‘"(c, t) , (62)
III .

C'zu (amt) = 0. 1 (63)

h. I $1)

eu Funk) =9“ (tab) 1 (w

Pme.l.O.A. VolB Pln1 (1994] 285  
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‘ ts.) nu)
WHY—ml) = uu (0.0 + 3;;

’A
1 1:0

(65)

Gradients:

 

lo) r“ 19,
ACE“. = 5?». P — u“) —c. (66-10)

E. m at -m E. .u. 3:. ’.5. 8x. 4:

  

I) u. t. 1

Ah; 3 '- 8—", ‘ ' 51“. 2- Bun“) ) (71.72)
5G -o- )2? o ) Bx. «A 52 c

I. l. ‘
955* ‘1 t 3393‘ ': Aflnh : CS . (73-75)
03:. -m o 2c. 4» Bx.

 

In exactly the same way, matching conditions will apply on the downstream
(XI—.+oa\ side of the combustion zone. For the solution of the leading

order equations (5| l-(SS) we shall only need matching conditions (55—50) and
(ab—70) but the second order conditions (cl-(,5), (7| -75‘) are included to
indicate the nature of the next order solution, where gradients of acoustic
terms begin to be important. However it is sufficient for our purposes only to
consider leading order terms.

Harmonic Solutions
In this preliminary study, it is our purpose to seek harmonic solutions to the
overall equations. In the outer zone we write

(“U -—(“':) A “l
Xu = X. (at) 2» '(X="7Q.P.u);(76)

and restricting ourselves to emitted waves only, we obtain for equations

(37) - (44), the solutions,

1:

286 Proc.l.O.A. Vols earn (19w
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A
-—.m) _ (an “A:

“ ‘ P e v (71)
I (m) A

-—(-u] _ — (not

Q“ - K P e 7 (78)
Upstream __(m) ‘ t“) w;

"r: =(t—x ‘)T;. ? e , (79)

—‘(m) -| '3 M) u;
an = —>.( I Q , (so)

._ ( _ Abut“) = 'P‘Hte out/m ) (8”

_ _ (Ia) _ ."
Qu‘m = 1;. X "P e “x/‘fii‘, (62)

Downstream A
'_'(n -I (“3) ‘UX/Af'V—L‘

u ’ —.-(\—X)_P e , (83)
(A: A

——l-:\ P ) Q'wx/‘Tn
u“ = —— (84)

26/13' ’

“0 m]
where 1) ,T’ are amplitude factors for the two parts of the acoustic

disturbance.

In the combustion zone we write

4.-

S bum 5 E (“flew 9 (as)

[VP —: q, (xJE‘db ,(‘/:TC‘; (2,4 I?)

 
  

   
 

The differential equations (51) to (55) then yield .

PneJDA VolB Pan 1 (1984)
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ma; 4 fimgag‘ _téa=_§|.= Ania?“ , (89)

w + day + muddy, - 0‘11 = -4721 , ‘9‘”
x. 371‘: d":

E = “P (canskanfi , (91)

with boundary Conditions upstream

Sauce) = Effie) , (92)

"Ed-co) = C) y (93)

Eur-co) = 0 ) (9A)

.e—“(_@) ;o- - , (95)

Dix-w) -= «Tum (o) , (96)

A£|=£fl = =°gil =E=o , (97-101)

and downstream,

Fqu-t-n) == FumVD) ' (1oz)

fiber») 2 0 5 (103)

6;..(‘rw3 =0 ? (104)

EON») = 0 7 (105)

1 Eu (-tm) = TUHVO) a " (106)

288 munA. v.15 Pm! haw 
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($5.16 (“i=0
3:. a?“ I

Note that relationsK77). (Bi), (9!), (9i) and (10:) immediately imply that

P Pan) = P

It is found that conditionsK9), (10) at the gauze surface are compatible with
conditions (93) and (94). Restated these become

1‘. :65}.
3“ 3m

_o\ _
‘agtl- - (107-111)

(at)

(110)

71(0) =0 y (113)

Fm. — own I = —mu dagt’s‘ - ma)
2;:(‘ R‘=:° “W 1.: D

The solution to equations GE7J-(90) has received much attention in the literature
and we donot repeat the details here. By again using the principles of matched
asymptotic expansion; based on the largeness or the activation energy {9'

the chemical tent Q. can be replaced by Jump conditions in pre-heat and

equilibrium soltuions across the flame considered to he at the position =<l= 3C.“

[9].

If we define the amplitude of the temperature disturbance at the Flame to be "TL"

 

then this can be connected to the upstream velocity fluctuation II:a , through,

"'I ___
—r: == "iii. ‘lun ) (115)

(i

where

-Xhmh _y

)4 2 L25. L_S+se )(G—g)+‘B.(H-re ““),(”61
w‘K-S') 2 r:qust ‘1 Shin.

_.d
C}; D + 1. [(52+R)(S+S)+:D]Ui P); (117)

9| I

_ 2_L up! _R mm3) = 9 1S R 5' 2

Pm.I.O.A. was run: (1984) 239
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RE Pchrsw‘ g E SAW/9536;, , (119.3,“

ski-x.“ 9k 521‘.“

and

. . , u
r‘ E JMH‘I», v 5 = “T: ‘* 4+ ’ (120a,b)

with

-‘
B. E (l—To.)(l—e‘l‘"“) . (121)

The term G- defined in (I17) is effectively (other than O(9.") terms) that
which appears as the LHS of the non-acoustic dispersion relation in ref [9],

equation (150).

We can also find an expression for the downstream velocity-52“,w . This is

given by

  

“M = "ulLv ’ (122)
T2|

where,

’7 _

V: “cf: —1:.—$(‘4-s+se “""’*)
LAW/rs) C? SEA:st

#23; [(L—swe-W’l)- 2"“‘“(§+s—se"’ 1)].
w 7‘ skin-ax”, SHDS’M, (123)

and

 

g = gig-5+ fld‘)—(i—S)('*“Jmk m
Skiesaqq Skr’x“.

But from EQuations (an), m), (96). not.) and the knowledge that

mo .= and. LEE“ (it"s-00‘] 7 (125)

290 Pmc.l.0.A. Vulfi Fun! (193‘)  
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we know that,

(Tut =21: ; U”. = E (1268,17)
K K4)“

Using equation (122), this then leads to the condition,

9:521. 7 (127)

with, from (115),

G

Condition (137) constitutes the main result of this analysis and results (111)

and (17.5) form the basis for the discussion in the next section.

17.." =(74‘3'P ‘ (128)

DISCUSSION

Equation (127) is a relation determining the complex Frequencyo, given Lewis
number (.2 initial stand-off distance 3cm, , activation energy 9. and

temperature ratio Tc, . If the real part of u) is positive (negative). then

oscillations are linearly unstable (stable). The relationship thus becomes a

dispersion relation of‘ the form derived in [9] but with small emitted acoustic

waves present. It is found (Fig. 2) that for large or.“ (small heat loss) the
difference in predictions of neutral stability is small. However for at“.

below approximately A, the predictions depend much on the temperature ratio Tau

Using the parameter 9913.” (e all-12.)) to compare with previous analysesone
observes that for 9.3, =\D, 13.:6-2 , the neutral stability point for

pulsating plane flames is moved to a lower value of Lewis number indicating that

for flames with acoustic emission the stability band will be increased; ' Since

hydrocarbon flames with Lewis numbers less than unity generally correspond to

fuel-lean flames, it is apparent the fuel-lean pulsating instability is suppressed

with acousticemission present.

Using equation (118) or equation (us), amplitude and phase relationships can be

derived between the acoustic and combustion disturbances. We use relation (11;)
to deduce expressions for the relative amplitude and phase lag of the upstream

velocity fluctuation to the temperature disturbance. This then effectively

measures the relative amplitude of the acoustic disturbance (upstream and

downstream) to the flame temperature (and stand-off) fluctuation.

The amplitude and phase lag functions are given by

“mv9(%.)=l—§| ,

Pm.l.0.A. Vol-G M11 (1980'
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Phs.e.( = EMJ ’ (130)

where

z. —= Run—g) ,
ZL = Imufi _ (132)

Figs. 3 and 4 indicate typical values of amplitude and phase. They show the
variaton of amplitude (Fig. A) and phase (Fig. 5) with stand-off distance for
-9.Bl“: I0, [11:07 and a range of 1:. values. The cases 13:0 2,0-4

represent more realistic values of gas expansion ( . 1:.“ =6 and '1..." = 2- g
respectively). The Lewis number parameter Lg roughly measures mixture strength
[11] and for hvdrocarbon flames represents a moderate fuel—lean condition. Fig.
3 shows a large dependence of the relative amplitude of acoustic emissionito
flame disturbance)with stand-off distance. The greater the heat loss (i.e. the
smaller the value of 9cm.) the greater the relative amplitude predicted.
Reducing the gas expansion ratio (12,") from 5 reduces this effect (see Fig. 3
for 72.: 0-4, 0-5, 0-9) .

Turning to Fig. A, we observe that the acoustic emission is predicted to be almost
90° out ofphase with the combustion fluctuations for 1‘.“ below approximately ‘1.
Above this value the phase lag drops until the acoustic Fluctuations become only
slightly out of phase, for DC.“ very large. In fact (see Fig. 3) the relative
amplitude drops theoretically to zero for fit.“ —— on . Thus in the absence of
feedback mechanisms acoustic emission is only predicted when a significant heat
loss is present and this highlights the principle involved. Schimmer and Vortmeyer
[6] discussing the acoustical oscillation of a flat flame came experimentally to
the same conclusions concerning phase lag at moderate 3r.“ values attributing
it to oscillating heat transfer at the burner. In their experimental observations,
they found the relative phase lag of 'acoustic particle velocity' to 'flame
displacement' fluctuations was about 90° (see Ref. 6, Fig. 5). This confirms the
results of the theory presented here, since typical flame stand-off distances are
represented by 'Xq. values of between 3 and to [see Ref. 8]. As 1m increases
the flame approaches adiabatic conditions and the lack of heat transfer to the
burner removes the cause of acoustic emission.

From equations (113) and (126) it is evident that

3;: 7: _- =¥° 7 ( )x11." 1:“ ‘33-
so that in this model, the fluctuations in pressure will be 180' behind (i.e. out
of phase) those of velocity. This lies in between the two possible cases of
Schimmer and Vortmeyer and the idealised result (here) is mainly due tonot
taking account of the acoustic characteristics of the upstream flow which will
normally have an effect in a real burner port system.

Pmc.l.0.A. Vols Fm! (1980   
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However the qualitative agreement of some of these findings with experimental
data gives confidence to the extension of the theory to include acoustic feedback
which is usually the characteristic of practical burner systems.

CONC LUDING REMARKS

The interaction of an anchored flame with a low level acoustic field has been
considered such that at large distances from the combustion zone a small
acoustic field is coupled with the local combustion field. Matching between the

two zones leads to a complex frequency relation which must be obeyed by small
(linearised) disturbances. The findings from this new relation are as follows:

(1) Given moderate gas expansion through the flame, the range of stable
Lewis numbers (linked to mixture strength) is greater when acoustic emission is
included, than in the non-acoustic case.

(11) The relative amplitude of emitted acoustic fluctuations to combustion
fluctuations increases with the heat loss to the gauze.

(iii) The relative phase lag between upstream velocity disturbances and flame -
temperature fluctuations is about 90° for moderate non-dimensional stand-off

distance (x.;,5values. The phase lag diminishes as 3mg, increases beyond lo.

No acoustic forcing or feedback mechanisms have beenincluded at this stage. The
theory is presented here as a basis upon which to add these effects. It is to be

expected that these effects will alter some of the results of this work which

therefore should be regarded as of a preliminary nature.
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  FIG. 2
CRITICAL LEWIS NLII'IBER FDR NEUTRAL STABILITY (WITH AEUUSTIE EMISSION PRESENT)
PLDTTED AGAINST STAND OFF DISTANCE OF FLAME. THE DDTTED CURVE 15 THE NEN-

ACOUSTIC CURVE FUR COMPARISON. THE FAMILY OF CURVES ARE FDR VARVING
TEMPERATURE RATIEIS (Tu'l) ACROSS THE FLAME.
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FIG. 3

RELATIVE AMPLITUDE OF ACOUSTIC EMISSION TU COMBUSTION DISTURBANCE PLDTTED
AGAINST STAND arr DISTANCE. EACH CURVE IS FDR A DIFFERENT TEMPERATURE AAuu
(Tu1) AEADss THE FLAME.
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