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Here, as this in a simple form I can write pFS that is the saturation pressure of the fuel at the 

interface or partial pressure of the fuel at the interface both are same, saturation pressure is the 

partial pressure if the you take at one atmosphere or you have to divide it by the total pressure. 

So, this is equal to Aexp(-B/Ts), where the A and B are specific constant for a fuel.  

When you have a particular fuel this A and B are the constant for the fuel. So, we can write the 

Clausius-Clapeyron equation in this form also. So, here actually you can easily understand that 

the A and B are written in terms of hfg molecular weight and so on. Now, when I write the 

Clausius-Clapeyron equation pFS = Aexp(-B/Ts), then this is9 a convenient way to do this.  

Once I know the partial pressure; partial pressure by this total pressure will give you the mole 

fraction, then mass fraction is got by finding XFS into molecular weight of the fuel divided by 

molecular weight of the mixture, molecular weight of mixture is calculated again here like XFS 

into MF that is the mole fraction of the fuel at the interface into molecular weight of the fuel 

plus 1 minus mole of fuel is nothing but the products into molecular weight of the product.  
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So, if I do this and substitute it back, I get mole fraction to mass fraction. So, once I do this, 

then these can be combined, for example, this equation can be combined, this Clausius-

Clapeyron equation, then the definition of the mole fraction, mass fraction, molecular weight 

of the mixture etcetera and I get this equation  

𝑌𝐹𝑠 =
𝐴 exp (−

𝐵
𝑇𝑠
)𝑀𝐹

𝐴 exp (−
𝐵
𝑇𝑠
)𝑀𝐹 + [𝑝 − 𝐴 exp (−

𝐵
𝑇𝑠
)  ]𝑀𝑃 

       (𝐼) 

Here, you can see clearly that p is known here Ts is not known and YFS is not known. So, that 

will be the equation I. Now, I am relating Ts thermodynamic equilibrium will only relate Ts 

and YFS so, that we have achieved here  

In a simple way I have done this here, so, you will see that there are five equations E, F, G, H 

and I and we can solve simultaneously to find the unknowns YFS, Ts, rf, Tf and 𝑚̇𝐹. But actually 

you know this equation is very complicated, exponential variations are there in this equation. 

So, what we will do know normally to simplify the problem, we will only take the F, G and H  
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So, the unknowns in the F, G and H we will again see quickly. If we take the equation F it has 

unknown  𝑚̇𝐹 and rf.  
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Then, G has unknown, I have written here  𝑚̇𝐹, Tf, Ts and rf.  

(Refer Slide Time: 03:19) 

 

Then, H has  𝑚̇𝐹, Ts Tf and rf. So, you know this. Now, I will select three equations that is E, 

F and G. I can solve three variables.  
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So, if you take the common unknowns are there for example, in this E  𝑚̇𝐹 and YFS are there, 

so, two unknowns here  𝑚̇𝐹 and YFS and F, E I leave it so, F I will take first, F has  𝑚̇𝐹 and rf. 
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And here, G has  𝑚̇𝐹, rf plus two more Tf and Ts. So, actually go to the next one, H has  𝑚̇𝐹, rf 

which is unknown in both and the Tf is the unknown generated in this.  

So, that the fourth unknown Ts; if I guess the value of Ts, then I have three unknowns what are 

they? 𝑚̇𝐹, Tf and rf. So, I will guess the value of say in three equations E, F and G, see if we 

take three equations basically, not this. 
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In this, F, G and H, in F I have unknowns of  𝑚̇𝐹, rf then here I have  𝑚̇𝐹, rf, Tf and Ts and here 

also I am getting the same. So, I have three equations in which there are four unknowns.  

Now, please see this, we have we have generated all the five equations here, but simultaneously 

solving all the equations will be complicated because of the exponential nature of these 

equations especially that of I.  

So, what we will do is we will take the equations F, G and H. So, that is I will just show you 

quickly, F is here which will relate the rf and mF, so, the unknowns here are rf and mF. And I 

go to the next equation which is here G which has four unknowns, 𝑚̇𝐹, Tf, Ts and rf and again 

H has the same unknowns  𝑚̇𝐹, Ts, Tf and rf.  

Now, you have  𝑚̇𝐹, rf, Tf, three you can solve basically. Using these three equations you can 

solve but Ts has to be guessed. So, what we will do is we will assume the value for Ts and solve 

these three equations to get the unknowns  𝑚̇𝐹, rf and Tf. So, that is what we are trying to do 

here. 
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So, this solution is got by assuming a value for Ts. When I do that, I get expression for  𝑚̇𝐹 as 

this. So, again you can see the similar expression I am getting what we saw in the evaporation 

4πrs driving force λ/cpg into natural logarithm of 1 plus some number which I call it a transfer 

number. So, same similar expression which we have seen in the heat balance equation plus 1 + 

B; a B number. 

Now, please understand this is the B number, cpg(T∞ - Ts)/hfg that was used for evaporation. 

Now also, we can see that this may be negligible q dot l can be negligible.  

So, in that case know, this additional term you see that is coming due to reaction, so that means, 

not only the heat transfer from the ambient to the surface, it is now the reaction that also 

generates a higher heat source for you that is the flame temperature is created here. 

So, this B number again ratio of the heat which can be transferred from the ambient can include 

a flame like this and to the surface and what is taken by the droplet. So, this is the transfer 

number basically.  

So, the mass burning rate is still the same, similar way we can write 4πrsλ/cpg into natural 

logarithm of 1 + BOT, I say BOT because this transfer number is got by combining the oxygen 

conservation and the temperature. So, I get this. So, this is a famous B number which you can 

use for the combustion problems. So, this is one. 

𝑚̇𝐹 =
4𝜋𝜆𝑟𝑠
𝑐𝑝𝑔

ln [1 +

𝜟𝒉𝑪

𝒔 + 𝒄𝒑𝒈(𝑻∞ − 𝑻𝒔)

𝒒𝒊−𝒍 + 𝒉𝒇𝒈
]      (𝐽)  

Second is flame temperature. So, please understand this is kept as equation J and flame 

temperature is again you can see this the heat which is taken by the droplet whether for phase 
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change or for the internal heating divided by the cpg into 1 plus s into s of BOT again BOT comes 

into play plus Ts. So, this is a positive kinetic which is added to Ts to get the flame temperature. 

Please understand that in order to predict the flame temperature properly, proper values of the 

BOT and cpg, BOT basically involves lot of properties here. So, we need to properly evaluate the 

cpg again. cpg is the only main property here and also the ql, qi-l, if it is not 0, how will you 

evaluate the ql is also big question.  

Normally, what we do is we can take this as mass of the droplet whatever be at a given radius, 

we know the what is the mass of the droplet into cp into C of the liquid we will say surface 

temperature to internal temperature, To, it is called a skin model.  

Skin model what we assume here is the surface is at Ts and leaving a small portion, the bulk of 

the liquid is at a temperature of To. So, it is called skin model. When I use that, I know the 

specific heat capacity of the liquid into mass of the droplet at a given radius into Ts  - To, If I 

do this, I can account for the q. This is actually q dot interface to liquid.  

𝑇𝑓 =
𝑞𝑖−𝑙 + ℎ𝑓𝑔

𝑐𝑝𝑔(1 + 𝑠)
[𝑠𝐵𝑂𝑇 − 1] + 𝑇𝑠     (𝐾) 

So, this way can do this. This is one of the way I can do this simplified way or you have to 

solve a differential equation within the liquid to solve for the conduction within the liquid for 

the temperature distribution. The thin skin model can be used.  

So, only a thin portion surrounding the surface will be at Ts other than that everything will be 

uniform, bulk temperature T0 so, that heat transfer can be accomplished. So, as the T0 increases 

slowly to Ts, then the qi-l → 0. So, this is another expression which we get. 

Similarly, the flame radius again you can see that the flame radius depends on the 

stoichiometric air fuel ratio on the B number rs times some rs into sometimes so, it is sometimes, 

few times the droplet diameter. So, these are the equations which you get. These are the three 

unknowns which we solve basically.  

𝑟𝑓 = 𝑟𝑠
ln(1 + 𝐵𝑂𝑇)

ln[(1 + 𝑠)/𝑠]  
      (𝐿) 

By solving the H, the three equations F, G and H, then here what we have done? We have 

assumed value of Ts that is the only issue. So, they may not be accurate until you resolve Ts 

other two unknowns are what? The interface quantities. Until we resolve these two, this cannot 

be a great. So, because we have assumed the value of Ts and easily solved for the other three 

unknowns 𝑚̇𝐹, Tf and rf. 

Now, we have to correct Ts value based upon the coupling between Ts and YFS that is what we 

are trying to do here.  
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So, here what we do is YFS fuel mass fraction at the droplet surface can be written like this.  

𝑌𝐹𝑠 =
𝐵𝑂𝑇 − 1/𝑠

𝐵𝑂𝑇 + 1 
       (𝑀) 

Now, again I am using the 5th equation to do this basically, or one of the equations to do this, 

again this is not accurate here. Now, what I will do is these are obtained from the guessed value 

of Ts.  

Now, Clausius-Clapeyron equation will be used to get an improved value of this. What is 

Clausius-Clapeyron equation here? This equation I. So, this will be used, equation I will be 

used to get the improved value of Ts know.  

Now, when I say YFS and Ts that is the relationship here, once I know YFS, I can calculate Ts 

here so, I have calculated using M, I calculated the value of YFS, now I substitute YFS here and 

calculate the value of Ts here so, that will be different value than what we have guessed because 

of the coupled nature of this.  

So, once I do this, what happens is basically I will get all the equations be re-evaluated and 

until convergence is got. What we did for the evaporation, when I coupled that BT and BY and 

got the Ts and YFS value similarly here, we have to couple the Ts and YFS properly and get this. 

We have two more equations. One equation is coupled here basically then one more equation 

is the equation I.  

So, the Clausius-Clapeyron equation is used to improve the value of Ts and once you get a 

iterated value of Ts substitute back and get the values of this J, K, L, M which are the solution 

and now you will get the iteration. So, slowly if you vary these values, finally, you will not get 

any more change. 

725



The Ts value for example, got from the previous iteration say n - 1 will be almost same as the 

value of Ts got from the current iteration or the change between the Ts value at the current 

iteration minus that in the previous iteration will be less than say 10-6 something like that. So, 

we can say that it is converged.  

So, once it is converged, then we can say that is the equilibrium temperature corresponding 

mass fraction is YFS and the solution is given here for the mass burning rate, flame temperature 

and rs, but very critical is the evaluation of cpg and λ.  

So, cpg and λ are the values which we have to carefully take and put it here. So, to get the values 

of see λ and cpg you have to properly take at what temperature etcetera we will take this that 

will govern the solution.  

So, we can see that once you get the convergence, you get proper values of all the quantities 

the unknowns what we wanted was where YFS, Ts Tf, rf and 𝑚̇𝐹 so, you got all the values. Now, 

one more quantity which is interest of us is this burning rate constant.  

The evaporation rate constant was seen previously, now burning rate constant K which is the 

same thing like for example, 8λ/ρlcpg (1 + BOT).  

𝐾 =
8𝜆

ℓ𝑐𝑝𝑔
ln[1 + 𝐵𝑂𝑇] 

So, this is similar expression what we get and as I told you D2 law is valid here because only 

leaving up the initial ignition part or the final extinction part etcetera for 80% to 85% of the 

droplet lifetime the burning rate would be a constant. So, we can get the burning rate constant 

also in this but this is the burning rate which is got at the spherically symmetric condition, that 

is stagnation condition.  

So, in a spray, a droplet will be actually moving so, there will be relative velocity between the 

droplet and the surrounding air but when this model will be applicable, only when the droplet 

has reached an almost stagnant condition and also this is separated from the other droplets. So, 

isolated droplet burning in a stagnant condition. So, that will be the solution what we have got 

so far. 
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Now, anyway we can try to extend the solution to the convective conditions. See for example, 

if there is a relative velocity between the droplet and this for example, the atmosphere ambient.  

For example, now the droplet can have a flame like this, the air can be like this or the droplet 

can move in this direction or the air can move in this direction and the flame can be formed 

like this. 

Now, please see that there is no spherical symmetry for the flame, but still here the droplet can 

be assumed to be a spherical because of the low Weber number, it can be spherical.  

Droplet can be spherical, but the flame surrounding the droplet may not be spherical because 

of convection but there is no theoretical solution possible for this, but we can correlate the 

value so, what basically the convection does to the burning rate is to enhance the burning rate 

or evaporation. 

So, both the evaporation, because if more evaporation occurs, then only burning can be 

improved. Both the evaporation and the burning rate are increased due to convection.  

If you have a spherically symmetric evaporation or combustion, you will have only diffusion 

dominated transport here, but here convection comes in favour. So, when there is a convective 

transport, the heat transfer and mass transfer processes are enhanced. 

So, we can take into account of say Sherwood number which is nothing, but Sherwood number 

is Sh which is the convective mass transfer coefficient. So, hm is convective mass transfer 

coefficient and that into diameter of the droplet divided by the diffusion coefficient, D is 

diffusion coefficient.  
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So, this will tell how much the mass transfer has been enhanced. So, if you only have diffusion 

dominated, you can see this the driving force was ρD alone for the evaporation. When there is 

only diffusion, spherically symmetric stagnation environment the only driving force was ρD.  

Now, if you take into account of convection, the convective mass transfer coefficient also will 

come into the play and that the strength of the convection will be determined by the non-

dimensional number called Sherwood number. So, the effect of convection is to increase the 

burning rate or evaporation rate.  

So, we considered the Lewis number equal to 1, we can also consider Nusselt number into 

place. Now, convective heat transfer coefficient, because please understand as I told you both 

mass transfer and heat transfer are enhanced, but we will assume that the enhancement in the 

mass transfer and heat transfer are of the same order when there is a convection. 

So, we will say hc is the heat transfer coefficient and d/λ, λ is the thermal conductivity of the 

gas. So, this Nusselt number, if we assume that the Sherwood number will be equal to Nusselt 

number or in other words, if the enhancement in the heat transfer is of the same order of that 

of the mass transfer, then we can take any Nusselt number coefficient and try to get the 

enhancement in the convection or the convective dominant burning or evaporation. 

So, what we try to do here is like this. So, we have a famous correlation given by Faeth which 

is nothing, but Nusselt number equal to 2 plus some function of Reynolds number and Prandtl 

number. Please understand that this 2 is definite. If there is any convection, then there will be 

a certain value for Reynolds number. For the fluid, there will be certain Prandtl number 

etcetera. 

Nu = 2 + (0.555 Re0.5Pr1/3)/[1 + 1.232/(RePr4/3)]0.5. 

Now, please understand that if there is no convection or when Reynolds number is nothing, but 

what ρ × velocity × diameter of the droplet / μ. If velocity is tending to 0, then the Reynolds 

number will tend to 0. When Reynolds tends to 0, we can see that this term, the second term 

here will tend to 0, so, Nusselt number will tend to a value of 2. So, when the Reynolds number 

is very low, Nusselt number will tend to a value of 2.  

So, keeping that in mind, we can write the mass burning rate in a convective environment as 

Nusselt number times mass burning rate at the spherically symmetric condition SS is the mass 

burning rate at a spherical symmetric condition divided by 2. So, when you multiply Nusselt 

number, see when Nusselt number is equal to 2 that means, 2 into mass burning rate at 

spherically symmetric divided by 2, so, mass burning rate will be equal to the spherically 

symmetric mass burning rate.  

ṁF = Nu  (ṁF,SS/2). 
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When there is a Reynolds number which is not 0 or not close 0, it is higher value, then the 

second term will wake up and we will have a higher Nusselt number say 10, 15 something like 

that or may be more than that in that case, you will see that the Nusselt number effect will bring 

in more mass burning rate compared to that of the spherically symmetric regime. Do you 

understand? 

So, this ṁF,SS is the mass burning rate at a spherically symmetric condition or stagnation 

condition that is enhanced by the value of Nusselt number which is a function of Reynolds 

number.  

So, this is the way we can correlate, there is no theoretical analysis possible because flow is 

important, we have not even touched the flow so far. So, when there is a convection, then flow 

becomes more important and there will be non-uniform distribution of vapours etcetera and 

spherically symmetric model will not work we have two-dimensions now and so on. 

So, a lot of complications arise, but this is only empirically, we are trying to correlate the effect 

of the Nusselt number or Sherwood number which is taken of same order as the Nusselt number 

and try to increase the mass burning rate. So, the increase of the mass burning rate due to 

enhanced heat and mass transfers in a convective environment is taken care by a correlation 

such as this and modifying the mass burning rate expression using the Nusselt number. 

Now, finally, the note on properties. So, as I told you properties values are very important, you 

assume that is a constant. It cannot be just a constant or we cannot use air properties; there 

should be some property values we have to take at some average temperatures. So, let us follow 

Law and Williams in which the average temperature is taken as 0.5 of surface and the flame 

temperature.  

Please understand that ambient temperatures are not considered here. The equilibrium surface 

temperature and the flame temperature is taken into account again iteration are involved. We 

do not know the equilibrium temperature so, we assume an equilibrium temperature, calculate 

the average temperature, then calculate properties as given here, then do the calculations, then 

iterate.  

Now, cpg is calculated as the cp of fuel at the average temperature. Thermal conductivity is 

calculated as weighted average of the fuel thermal conductivity 0.6 times fuel thermal 

conductivity at the average temperature and point 0.4 times oxidizers thermal conductivity at 

average temperature then the liquids density is taken at the surface temperature.  

cpg = cpF(Ta); λ = 0.6 λF(Ta) + 0.4 λO(Ta); ℓ = ℓ (Ts). 
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So, if you do this, then you get what you measure in experiments whatever the mass burning 

rate etcetera, when you use these properties, you get proper mass burning rate values. So, this 

is note on properties.  
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Then, we will do a couple of a worked examples. The 1st worked example is determine the 

Clausius-Clapeyron equation constant.  

So, we know that the Clausius-Clapeyron equation was written as p = Aexp(-B/T). So, now, 

this is saturation pressure and this is surface temperature, T is surface temperature. So, what 

are the constants A and B for a specific fuel?  

So, we will take a fuel for consideration as n-hexane and its boiling point is 342 K, its enthalpy 

of vaporization hfg is 334922 J/kg and its molecular weight is 86.17 and the boiling point is the 

normal boiling point because it is given at 1 atmospheric pressure.  

So, how will you calculate the Clausius-Clapeyron equation constant? First of all, we should 

calculate what is Clausius-Clapeyron equation and try to fit that in this form p = A exp(-B/T). 

So, Clausius-Clapeyron equation is a thermodynamic relation. Now, if you see this this ensures 

a local phase equilibrium, liquid vapor equilibrium vle vapor liquid equilibrium. So, liquid is 

represented at f and the vapor is represented as g.  

Now, as I told you when there is an equilibrium, the Gibbs-free energy should be the same, that 

is we have already seen that dG → 0 or equal to 0 at equilibrium, dG = 0 that means, you can 

can say that the free energy of the liquid f which is written as hf – T(sf ) will be equal to the 

free energy of the vapor gg which is hg - Tsg. 

Now, not only this any small change in the Gibbs-free energy of the liquid will be same as see 

for example, if some molecules leave the liquid to the vapor that means, there is a small change 
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in the Gibbs-free energy of the liquid that change should replicate in the magnitude, basically 

the magnitude of this change should replicate in that of the vapor also. So, this also should be 

obeyed. 

So, when you take this into consideration, dg can be written as vdp - sdT. Please understand as 

I told you, g is a function of p and T. So, now, dg can be written as (∂g/ ∂T)p × dT + (∂g/ ∂p)T 

× dp. Now, this term (∂g/ ∂T)p is nothing, but -s and this term (∂g/ ∂p)T is nothing, but v the 

specific volume. So, when you do this, you get this dg as this. 

Now, try to write this dgf as vf × dp - sf × dT. We know that g is a function of p and T, vf × dp 

- sf × dT = vgdp - sgdT. Now, we rearrange dp × (vg - vf) that is the this is what? This is the 

specific volume of the gas or the vapor and specific volume of the liquid. So, dT times the 

entropy change between the vapor and the liquid.  

Now, I want dp/dT that is what the Clausius-Clapeyron equation is about. The relationship 

between the pressure and the temperature. So, that is written as the entropy change sg - sf minus 

the volume specific volume change vg - vf. But, now you take into account of sg - sf can be 

written as what? sg delta s so, delta s basically will be equal to q/T. When T is called basically 

when the phase change T is constant.  

So, this q is nothing but the latent heat that is hfg so, this is nothing but hfg/T. So, hfg is (hg - 

hf)/T, so, that is sg - sf. So, when you substitute this, dp/dT can be written as hfg/Tvfg vfg is 

nothing, but vg - vf, but you know that the physical volume occupied by the liquid is very low 

when compared to that of the vapor.  

So that means, I can neglect this vf and vfg, vg - vf can be only written as vg , but if you take 

ideal gas which is the problem in hand, ideal gas vg basically can be written using the equation 

of state that is pv = RT, s, vg = RT/p.  

So, I combine everything and write the equation. This is the Clausius-Clapeyron equation the 

differential form, dp/dT = p(hfg/RT2). So, now I separate the variables and I try to integrate this 

that is ln p = -hfg/RT + C,  this is the equation I have.  
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Now, I want to fit this p as some A into exponent of minus B by T. So, that is what we are 

trying to do here. So, ln p is written like this, -hfg/RT + C. So, p = exp(C) × exp(hfg/RT) because 

this is of the form Aexp(-B/T). So, now, we can see what is A? A is exponent C and B is hf by 

R that is it. 

Now, we evaluate. So, for the given liquid hexane, you know that exponent of C is the exponent 

of this hfg/RTboil so, write this and calculate A similarly, hfg/R calculate this, that is it. So, 

exponent of C is nothing, but this hfg/RT. The exponent of hfg/RTboil.  

Now, you have to apply the boundary condition to get this. So, you know this expression, now, 

in this expression, you substitute 1 atmosphere to the left-hand side and the boiling point to the 

right-hand side, then you can know the unknown constant C. So, now, exponent of C can be 

evaluated as hfg/RTboil you know hfg, you know Tboil. Now, R is nothing, but Ru by molecular 

weight, molecular weight also is given.  

So, in this equation, C is an unknown so, to calculate this C, you have to substitute the boundary 

conditions which is nothing, but at 1 atmosphere, the boiling point is given to you so, use that 

temperature and pressure here to get this expression. So, that will give you the A value which 

is exponent of C and B value is hfg/R which is known to me that you calculate. So, this is the 

Clausius-Clapeyron equation as I told you I can also write in this form. So, this is the first 

example.  

So, you please understand that writing in this form and in this form  p = Aexp(-B/T) this has 

an advantage like we can simplify this instead of writing in this way, we can write in this. So, 

psat/p into exponent of something will come. So, instead of writing this, but both are same, 

equivalent.  
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Now, the final example what we will see today is the mass burning rate of a 1 mm diameter n-

hexane droplet. Now, burning in air at atmospheric pressure. So, what is given is no heat is 

conducted into the interior that is qi-l = 0, and that the droplet temperature is equal to the boiling 

point, very simple. So, this is a very crude assumption what we make actually, Ts where in Tf 

is very high so, Tf is very high, Ts → Tb and YFS → 1.  

So, these are the assumptions we make correct, this is already seen T∞ → ∞ YFS → 1. So, that 

assumption is involved here. So, here, the temperature of the surroundings which is surrounded 

by a flame is very high so that Ts → Tb, but it cannot exceed Tb, it will go towards Tb. So, we 

are saying that it is equivalent to boiling point, maybe actually in a real scenario, it will be few 

K's below the boiling point.  

Now, the ambient temperature is 298 K, but does not have any influence here only for 

calculating BOT we will use this. Now, we need appropriate values of the properties as cpg and 

λ and that is given here in this problem and calculated at appropriate temperature.  

See for example, if you want to do this problem without knowing these values, you have to 

first calculate Ta which is nothing, but 0.5(Tf + Ts)  

Now, Ts is simplified for us. So, Ts is taken as Tboil. So, that is known. Tf we have to calculate. 

So, you have to again assume some values for Tf. For hexane, we can take adiabatic flame 

temperature and since, this is stoichiometric mixing, we can say Tf as Tad at ϕ = 1, that we can 

take, adiabatic flame temperature of hexane and air at say stoichiometric value you can take. 

Then, we have to calculate this, then we have to use the Law and Williams correlations, these 

correlations to calculate the values. Once you do this basically, you will get the values of this.  
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If I have a constraint that Ts, you calculated the equilibrium value of Ts, then you have to iterate. 

So, the iterative procedure we cannot manually do, that will be very cumbersome, here you 

have to develop a MATLAB program or any program or you have to at least use an excel sheet 

to do that. 

Now, mass burning rate is a very simple expression like this 4πrsλ/cpg ln(1 + BOT). Now, we 

can see BOT is delta hc by s, delta hc we have to take from the tables, n-hexane value, similarly, 

hfg also will take from tables, qi-l is given as 0, cpg value is given. So, there is no issue, you can 

take this, so, 298 K is given, this is boiling point. It can also be taken from the tables for the 

hexane. So, delta hc, hfg are taken from the tables as 45101000 J/kg and 335 kJ/kg and boiling 

points also taken from the from the tables Stephen Turns tables, you can take those 342.1 K.  

Now, if you use these values, what is the value of s? s is nothing, but the stoichiometric air fuel 

ratio that is 4.76 times a, a is nothing, but here a = x + y/4, for hexane, x = 6 and y = 14.  

So, when you substitute this now, you get this value a 4.76a, 28.84 is the molecular weight of 

the air divided by the molecular fuel so, kg/kg-fuel, 15.14 kg/kg-fuel is s. Now, you use this to 

get the value of b as 8.3 and mass burning rate as 3.93×10-7 kg/s. So, that is the mass burning 

rate. So, please understand this the problem is heavily simplified. When you want to really 

calculate the value of equilibrium Ts, equilibrium value of Ts then iterative procedures are 

required as we have seen, then we have to first guess the value of Ts, then use these correlations 

to calculate the values, finally, check whether the YFS what we got from the expression that is 

the equation E is same as that we got from I, if not, then you re-guess the Ts and redo this 

calculation so, to get these solutions.  

So, everything is iteratively done, but actually for a spherical symmetric droplet evaporation 

or in a convective condition where you use Nusselt number correlations etcetera iterative 

procedure can be used to get the appropriate values of this, but anyway proper choice of the 

properties cpg and λ are required for this. So, this completes the topic on droplet evaporation 

and combustion. 
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