Indirect noise from weakly reacting
inhomogeneities: Supplementary material
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1. Calculation of y” and c,,

We assume the flow at nozzle inlet comprises of two constituents, mgir kg/s air and m?ue .
kg/s fuel. We assume 7i®. >> i hence, total mass, rity ~ 1i®. .
air fuel air
For combustion of methane,
CH4 + 202 — C02 + ZHQO (1.1)

at a particular location in the nozzle, we assume a moles of fuel are burnt. We have
four components, air, fuel, CO, and H,O. Hence, a moles of CO; and 2a moles of H,O
are formed, while, a moles of CHy and 2a moles of O, are consumed. Hence, we have
m?uel —ax (W)ruer kg/s fuel, a x (W)co, kg/s CO; and 2a * (W)n,0 kg/s H,O, where W is
the molecular weight. We assume the mass of air remains constant. Therefore,
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The specific heat at constant pressure is defined as, ¢, = Zf\i | ¢p.iY;, hence,

CP = CpairY“ir + Cpfuelquel + CPC02 YCOZ + CPHZOYHZO (16)
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Taking the derivative of ¢,, with respect to the mass fraction of species, by using

dcp 3 dcp da
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yields
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and,
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The derivative of the ratio of specific heats, v, is
dlogy dlogcp, dloge,
v - ar - ar; (1.18)
Thus,
dy _ydlogy —l(c e 2x(W)o, e (W)co, . 2*(W)H20)
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We assume the flow to be weakly reacting a << 1 and rit_ .
air fue

;- Hence, ¢, = ¢p,,,.-



The mass fractions of fuel and products are estimated using the species balance equation.
The mass fraction of air can be calculated via
Yoir =1- (quel + YC02 + YHZO)

(1.20)
The compositional noise factors are calculated using the relations in the next sections.

1.1. Calculation of 8y
The heat capacity factor is given by (for simplicity, we assume 7° = 0),
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For a general hydrocarbon combustion reaction
ConHy + (1 + g) 02 — mCO; + SH,0 (1.25)
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We obtain similar expressions for the products. We can assume that y = ¥, ¢, = ¢p, and
¢, = ¢, Hence,
dy ydIOgV ¥ ( o mW)co, %(W)Hzo)
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1.2. Calculation of
The specific Gibbs energy can be written as
gi =hi —Tsi
also, using first-order homogeneity, y; = W;g; (?)
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Assuming 7° = 0
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1.3. Calculation of ¢
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