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Welcome to the last review lecture, we are going to review the final chapter the fluxes under 

simultaneous multiple driving forces. 
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When we began the review, I had shown you this right, this pretty much gives you the crux or 

the essence of the entire course. If you look at the flux of a quantity, primary driving force 



constitutive equation, let me just quickly run through this we have already discussed this. We 

looked at concentration gradient as the primary driving force for mass flux and a constitutive 

equation the Fick’s law. 

 

The velocity gradient as the primary driving force for a moment flux, Newton's law as a 

constitutive equation, temperature gradient, the primary driving force with thermal energy, 

Fourier’s law as a conservative equation, electrical potential gradient as the primary driving 

force with charge flux with ohms law as a constraint equation okay. So, you can see the 

relationship between the various fluxes. 

 

The forms of equations are all similar, which relate this in this and the forms of even the 

constitutive equations are examples of constitutive equations are also very similar, okay. At 

least the simplest conservative equations are all very similar in their form okay, only thing is 

that the details are different. So, this is so far in the course and in this chapter we are going to 

look at multiple driving forces causing a flux or multiple fluxes. 
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So, we said there are a few couple of ways by which you could approach this, one is since the 

fundamental equations were conservation equations, conservation of conserved quantities or 

the conservation of conserved physical quantities, that is what was represented in continuity 

equation of motion, equation of energy and the charge conservation equation. Therefore, they 

should certainly be applicable. 

 



So, if there are multiple driving forces you write down all those equations and you could 

simultaneously solve them, in principle it should work okay. However, practically it could be 

mathematically complex, it could get very high and the solution could get very difficult. 
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And therefore, we use a slightly different approach, which is the we just called the transfer 

coefficient approach right, you have a mass transfer coefficient heat transfer coefficient and so 

on and so forth, you could do that okay. So, we started by looking at an important aspect of 

mass flux under the influence of both potential gradient and a concentration gradient. 

 

We spent a good amount of time on that, before that the mass flux could arise due to a 

concentration gradient, electrical potential gradient, pressure gradient flow as well as a 

temperature gradient natural convection okay, out of which we chose to look at 2 in this. 
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These were the approaches, mass flux, heat flux and so on and so forth. Mass transfer 

coefficient, heat transfer coefficient and so on. 
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When we the concentration gradient and electrical potential gradient case was very interesting. 
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We started looking at the mobility of ions in solution. 
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We started with very basic definitions. 
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And got to the Nernst equation which gives the relationship between the potential difference 

between 2 points involving charges and so on and so forth; one in charge transport and the 

concentration of the ions at those 2 places. 
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So, that was we looked at electro diffuser equilibrium on our way to the Nernst equation, the 

Einstein's relationship between the diffusivity and molar mobility. 
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And then the basis for our electric diffuser equilibrium then this was our Nernst equation okay. 

Nernst equation of course, is a very useful equation, we saw various applications of the Nernst 

equation, whenever there's a refusal equilibrium Nernst equation is better. 
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So, then we saw the mobility of ions across a membrane, we saw how the Nernst equation 

could be used just the presence of a physical layer does not really matter, Nernst equation must 

be valid. 

(Refer Slide Time: 05:36) 



 

However, in a real membrane, when you have multiple or even an any membrane may have 

multiple charges, distributing themselves at the same time as it happens in the case of neuronal 

membranes, that is the basis for our census to work and so on, so forth. Then we looked at 

some approximations that will work very well for analysis which is done in equilibrium 

approximation where the transports of individual ions are taken to be independent of each other. 
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So, then we got some useful relationships there, the membrane potential and so on. 
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Then we worked out some examples also. 
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Very straightforward examples in this case. 
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This is what Donnan equilibrium was multiple ion types, they distribute at the same time, then 

assume that the currents of each ion are independent of the other ions. 
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That is the basic idea. Then you could write the relationship between the ratios of these various 

ions at equilibrium. 
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The membrane potential ideas we saw there. Then, we looked at the electrical circuit 

representation of a membrane, we said that the membrane consists of the lipid bilayer, which 

is nothing but charges separated by the lipid part which can be considered a dielectric. 

Therefore, that is a typical capacitor and then the ion channels which cause the passive flux of 

ions across them. 

 

Active transport as not a part of our models; not a part of a concentration in this course. So, the 

passive transport can be modeled as resistance and the Nernst potential combination and so on 



and so forth. Then let me at least briefly show you what those, what the representation looks 

like. Yeah. 
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So, the membrane has been converted into its electrical equivalent. So, you could apply 

electrical principles to analyze it. So, this is the lipid bilayer membrane a capacitance, this is 

the ion channel for sodium. So, this is the conductance of the ion channel and a Nernst potential 

for sodium conductance of the potassium channel and Nernst potential for potassium, the 

intracellular part, the extracellular part, intercellular minus extracellular is taken as the 

membrane potential ∆Vm = Vi - Vo. We had seen this and then we worked out some 

relationships between the ionic currents. 
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And the membrane potential and so on so forth okay. This was the resting membrane potential, 

ion currents Nernst potentials of the ions, if only potassium and sodium are involved excuse 

me. 
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We also worked on some examples there. Then we looked at the action potential which forms 

the basis for all our senses, it is nothing but the dynamics of the ion transport across a neuronal 

membrane, as we look at sodium and potassium alone, and that is good enough for most 

situations, bring calcium at times and so on, so forth. So, we looked at the basis for action 

potential. 

 

And how a series of action potential and potentials can arise in a very short time of a few 

microseconds across the entire length of the neuron and that results in the axial current. That is 

how we are able to sense or react. Then we applied or showed the applications of these 

principles to electrophoresis which is an important process either in the lab or in the industry, 

electro focusing is an important process in the industry, the principles were shown. 

 

So, this is what we did for the situation where there is a concentration gradient and an electrical 

potential gradient at the same time, okay, very many applications, some fundamental aspects 

we had covered there. 
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Then when we looked at simultaneous concentration gradient and velocity gradient. 
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Here, we looked at the case of the blood oxygenated where there is a thin layer of blood that 

flows and oxygen from the air oxygenates the blood that goes through the blood oxygenated. 

Of course, all this is kept in a sterile box and so on and so forth. We analyze the situation here, 

through an equations approach. 
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And I had also use this to tell you something about modeling itself right, I think. 
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This was the example that I had used. 
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Yeah. The above model falls short in agreement with experimental data right. So, this is 

essentially the way the modeling was, modeled is a representation of course, we cannot 

represent everything. So, we represent these salient features of the physical system that is tested 

by testing the model presence against experimental data. If it is good fine, we are happy that 

we have captured the essential aspects of the system through the model. 

 

Otherwise, we need to go back and refine the model. In this case some of the reasons why this 

is happening the disagreement is happening. Could be because the reaction between oxygen 

and hemoglobin has not been considered as well as the fact that the blood has been 

approximated as a Newtonian fluid right. So, this is an important aspect that you need to pick 

up for any mathematical modeling. 
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Then we delved into the transfer coefficient approach. First for the case of simultaneous 

concentration gradient and velocity gradient. We spent a good amount of time on the bioreactor 

kLa, which is the oxygen transfer ability of the bioreactor in this case of a bio system, which is 

something like this. 

(Refer Slide Time: 12:47) 

 

(Refer Slide Time: 12:49) 

 

(Refer Slide Time: 12:51) 



 

That is a bioreactor there. So, we are using this approach here, mass flux sequence, mass 

transfer coefficient times the concentration difference. 
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And then we elaborately derived the case of transport from the gas phase to the liquid phase. 
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The phase 1, phase 2, gas and liquid. 
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In our derivation here. 
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So, what this gave us was a quantity called the k La. K x a which is referred to as a kLa which is 

the volumetric mass transfer coefficient, the volumetric it indicates the ability of a bioreactor 

to provide oxygen towards culture. And it is an important parameter we said pretty much its 

measured before every bioreactor run whether in the lab or in the industry. 
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And I also showed you how you could estimate k La by the dynamic response whether it came 

and discussed the dynamic response method in some detail. Sulphide oxidation is an old 

method we did not discuss it. Also I mentioned that we need to be careful with the name. The 

dynamic response method refers to different things in different textbooks. This is something 

that is common across many textbooks. 

 

So I would use that and also we had used an intelligent system or you know, a very insightful 

system broth minus bubbles to get at simplifying the balance to get at a useful relationship to 

estimate k La from experimental data of oxygen sorption onto a liquid system. 
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The bioreactor system that is we also worked at a problem to show how you could get to k La 

from irrelevant data. This is from my PhD days, my own data okay. 
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That was for the problem, okay. Then we will talk a little bit about the quite a lot about the 

liquid phase oxygen supply strategy, where you have a generation term also coming in through 

hydrogen peroxide and so on so forth. And then I went off into the research significance of 

transport principles. They are principles that can be applied anywhere. I gave you a flavor of 

how they were applied to get to some very meaningful aspects in our own research. 

 

And I think I discussed about 4 or 5 papers starting with the LPOS paper and all the way down, 

including the most one of the recent papers on which had used the principle of pseudo steady 

state, pseudo steady state approximation to get at very meaningful insights, which can also 

have the ability to transform the way medicine is done and so on and so forth. Okay, that's what 

we talked about okay. 
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You can go and refer to those papers, get more out of it. If you have any comments or questions, 

please raise them in the asked a question forum. Then we went back and looked at the 

concentration and velocity gradients, velocity and temperature gradients from an equations 

point of view. We have some time so I can probably tell you that okay. First was the application 

to the enzyme immobilized on a non porous surface the process kinetics of that okay. 
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We said that let me go to this picture, up to we said that this is a slab, a cuboidal that sits in the 

liquid, so it is a rectangle in section. So, you have an enzyme that is immobilized onto the 

surface of the slab, you have a substrate that goes from the bulk to this enzyme crushing the 

liquid solid film and then the product that moves out okay. There is an aspect of transport 

associated with substrates moving from the bulk to the interface. 

 

And then the product moving out and then there is an aspect of the reaction itself. These 2 have 

certain characteristic times associated with it and the process time depends on the characteristic 

times of transport and reaction. So, which one is important, it can be inferred from what is 

called an effectiveness factor. The Damkohler number gives you some idea in terms of a 

general view and so on and so forth. 

 

And to model S gives you some idea in terms of extremes, the view of extremes in that 

particular situation, whereas, effectiveness factor gives you which one is more important. 
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To get to such insights, we had used the transcription approach for one compared it with the 

reaction rate. 
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And we had gone through the derivation, effectiveness factor is the ratio of the observed 

reaction rate to the reaction rate in the absence of mass transfer resistance. And this is what 

gives you all the insights at that I just spoke about it. 
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Then we continued with the equations approach for simultaneous temperature gradient and 

velocity gradient. In this case it was heating of a protein solution in a horizontal cylindrical 

tube. 
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We said we needed to solve the equation of continuity, equation of motion and the equation of 

energy simultaneously. 
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Then we did that and got an analytical solution at least for the limiting case. 
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I also mentioned that you could get, you could also use numerical methods to solve them if you 

have the skill or if you can team up with the person with the right skills in numerical solutions, 

numerical analysis, numerical solutions and so on so forth. 
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Okay then we saw the occurrence of the Reynolds number and Prandtl number in most of these 

forced convection situations, these are non dimensional numbers which have great significance, 

we already know the significance of the non dimensional numbers okay. 
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And I think after that, we got into the last part which was using or taking the transfer coefficient 

approach, we use a heat transfer coefficient for design of heat exchangers, heat exchangers are 

important equipment in the industry. And there are principles that govern it although they are 

the size of entire rooms and so on so forth. There are principles that govern these. 
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And some of the principles we saw in this course. We took an example of changing the 

temperature of an algal broth that had heated up by passing through the photo section, right. 
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Okay, that is the example that we took to provide us with the context in which to pick up these 

principles. So, we had as a result looked co-current flow, counter current flow. 
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Then this simple equation as was the basis, h A ∆T is the heat transfer rate, we saw different 

kinds of heat transfer coefficients, and that it depends on the kind of temperature difference 

that we talking about and the kind of areas that we're talking about. 
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There are 3 different types the heat transfer function based on the initial temperature difference, 

then the heat transfer coefficient on based on the arithmetic mean of the temperature 

differences. And then the heat transfer coefficient based on the logarithmic mean of the 

temperature differences, this is preferred because it depends less on  πLD and so on and so 

forth. 
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Okay. Then a differential approach was introduced then the basis for heat exchanger design 

was presented. This was the starting point, the total resistance of the various resistances and 

series were considered. 
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And then we wrote down expressions in terms of the heat transfer coefficient. 
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To back out and overall heat transfer coefficient and there are 2 types based on the outer area 

of the inner pipe or the inner area of the inner pipe. 
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All that we saw. 
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And then, once you know that it is nothing but you can get the heat transfer rates just by U0A∆T. 

That is it. 
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As simple as that. So, we came down to the fact that once you know the individual heat transfer 

coefficients, then you can get the overall heat transfer coefficient. The individual heat transfer 

coefficient you have a different correlation for different conditions. 
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For example, we talked about the correlation for highly turbulent flow under certain conditions 

and for laminar flow under certain conditions, 2 different expressions here. 
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And I also mentioned in general that there are different correlations for different situations free 

convection has a different correlation, phase change has a different correlation, condensing 

liquid has a different correlation, cooling liquid has a different correlation and so on and so 

forth. So, different situations you pick up different correlations and then use to find the overall 

heat transfer coefficient. 

 

And that is where we finished up the course. Hope that you found the course useful I hope that 

you also had fun. Do not worry about the mathematical complexity if you are not oriented 

towards mathematics. If you are then you had enough food for packing are interested in so on 



so forth. So, hope you had fun, I hope all of you had fun, if at all you need anything anytime, 

please feel free to write to me. 

 

Okay, you know the communication details and email should be fine anytime, I wish you all 

the best. Let us sign off here, bye. 


