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Throttling valve, mixing chamber and heat exchanger

Welcome back.
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+ Develop the conservation of mass principle

* Apply the conservation of mass principle to various systems including
steady- and unsteady-flow control volumes

« Apply the first law of thermodynamics as the statement of the
conservation of energy principle to control volumes

+ Identify the energy carried by a flmd stream crossing a control surface as
the sum of internal energy. flow work. Kinetic energy. and potential
energy of the fluid and to relate the combination of the internal energy
and the flow work to the property enthalpy

+ Solve energy balance problems for common steady-flow devices such as
nozzles. compressors. turbines. throttling valves. mixers. heaters, and heat
exchangers .

+  Apply the energy balance to general unsteady-flow processes with
particular emphasis on the umiform-flow process as the model for
commonly encountered charging and discharging processes.

So we were discussing the steady flow devices. We will continue our discussion in this particular

lecture particularly we will take up throttling valves, mixers, heaters and heat exchangers, ok?
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So let us start with throttling valves. So throttling valve is basically any kind of flow restricting
device and thus it cause significant pressure drop in the fluid. So there is a difference compared
with respect to turbine and the turbine particularly do not lead to significant change in the in
temperature but in case of a throttling valves it the pressure drop in a fluid is often accompanied
by a large drop in temperature and this is a reason that throttling valves are commonly used in

refrigeration, air conditioning applications.

There are different kind of throttling valves. You can have adjustable valves, you can have a

porous plug based or a simple capillary tube, ok. These are all examples of throttling valves.
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So let us look at how are we going to apply simple energy balance, the material balance is very
obvious that this is mass fluid should remain constant for the case of steady flow conditions. So
what about the energy balance here? So you will be considering Q to be zero and the reason for
that is or considering the device is very small and hence we will be considering such a flow
adiabatic.

The work would be also zero and as well as your change in the potential energy and kinetic
energy to be zero, ok? And thus you m Theta inlet should be same as m Theta outlet and since
your kinetic energy potential energy is zero, so you have this condition considering that m dot is

same for the inlet and outlet.

So you have for the throttling valve a simple enthalpy, a constant enthalpy process. So throttling
valve essentially means that the enthalpies are same. You have internal energy plus the flow
energy term as a part of the enthalpy. They can interchange but the total value should remain
constant. Ok, so if you consider ideal gas, now we know that the for the case of ideal gas the
enthalpy is only function of temperature and hence if enthalpy is constant which means the

temperature is constant for ideal gas throughout this valve.
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And during this throttling process, enthalpy of a fluid as | said can remain constant but internal
flow energy may convert into each other. So that means the flow energy can lose some energy
and the internal energy can gain through during this process. That is some aspect which we are

going to look at in an example. Ok so let us take this and understand a bit more about throttling
valves.
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Refrigerant-134a enters the capillary tube of a refrigerator as
saturated liquid at 0.8 MPa and is throttled to a pressure of

0.12 MPa. Determine the quality of the refrigerant at the final

state and the temperature drop during this process.
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So this is an example of refrigerant, ok? Which enters this capillary tube of a refrigerator at
condition which is saturated liquid at 0.8 MegaPascal, and is throttled to a pressure of 0.12
MegaPascal. So there is a huge jump in the pressure. Ok, and hence the temperature should also
change. Determine the quality of the refrigerant at the final state and a temperature drop during

this process.

Ok? So we consider this as one and this is as two. So now start with temperature at 1, 1 is at
saturated liquid, ok? So this is equivalent to T sat at 0.8 MegaPascal ok which is nothing but
31.31 degrees C from the table.
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So this table is here given A-12. Now this is your 0.8 MegaPascal, this is your saturation
temperature (())(3.46) 800 kiloPascal.
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Refrigerant-134a enters the capillary tube of a refrigerator as
saturated liquid at 0.8 MPa and is throttled to a pressure of
0.12 MPa. Determine the quality of the refrigerant at the final

state and the temperature drop during this process.
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Now T as saturation is given, now what we are going to assume, ok? What we have to consider
now is the enthalpy because we know that the enthalpy is constant which essentially means h 1
should be equal to s 2 and h 1 is nothing but h f because this is saturated liquid, ok? At 0.8
MegaPascal, ok?

So the table tells you this is nothing but 95.48. So this is your 95.48 kiloJoules per Kg, ok? What
about your p 2? What about your condition at 2 here? So The question being asked here is the
quality which means there is some change in the state, so let us look at it, whether there is
vaporisation which during this process. So let us look at first p 2. What is p 2 here? p 2 is your
0.12 MegaPascal, ok? And h 2 is nothing but h 1. So the corresponding T sat at p 2 is T sat at
0.12 MegaPascal is minus 22.32.
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So this is nothing but minus 22.32 degree celsius and the corresponding h f at this pressures can
be obtained here, h f is 22.47 and saturated 236.99. Since h is constant and h 1 is 95.48. This
means this lies between these two points.
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So as | said h fis 22.47 and h g is 236.99. So our h 2 which is nothing but h 1 is greater than h f
and less than h g. Ok? At of course 0.12 MegaPascal. Which essentially means that since lies
between the fluid and gas enthalpies, the state at exit would be saturated vapour liquid



conditions. So there would be a quality involve of the vapour. So e can calculate the quality x 2
which is nothing but h 2 minus h f by h f g and this if you plug in this value and h f g is nothing
which is this h f g. So if you plug in the value the value comes out to be 0.340, ok?

This is a quality. So that was the question, that we had to find the quality of the refrigerant at the
final state. This is the quality. What about the temperature drop? So let us find the temperature
drop. So what would be the state t 2 of the final state. T 2 is nothing but t 2 is T saturation at p 2
because the fact that the final state is at saturation vapour liquid condition and hence t 2 is

nothing but your minus minus 22.32 degree celsius, ok?

Thus your change in the temperature delta T or the temperature drop is t 2 minus t 1 which is
nothing but minus 22.32 minus 31.31 degree celsius which is minus 53.63 degree celsius. So it is
very clear that there is a significant drop in the temperature and the saturated liquid vaporized.
The energy to vaporise it takes its own enthalpy, ok? That is something which is quite

interesting, ok.

Because the energy required is not taken from any specific external source but it changes its own
state through this particular capillary tube and make use of it for vaporizing from a saturated
liquid to saturated vapour liquid conditions.
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Ok, so now we are going to take another device and this is your mixing chamber and this is a
common operational device which you can see normal at different hotels, household conditions.
This example is ordinary shower, ok? So you have a mixing of a hot and cold led into average
temperature water flow and this is called mixing chamber, ok where basically you have a direct
contact, you you are making use of hot and cold fluid and passing it that means mixing them

physically.

Ok, so there is a heat transfer from of course the hot to cold. Ok, so you can put this in a
schematic form. This is a simple mixing chamber. Ok here the mixing chamber could be a this
elbow but here we can represent in this form. So this is your two inlet fluids. One at 60 degree
celsius and one is 10 degree celsius and is mixing at certain temperature and the outlet stream

has a specific temperature, ok?

So based on simple mass balance, you can clearly show that this would be m 1 plus m 2 is equal
to m 3. Considering this to be a steady flow device so you will have this condition which is very
clear. Ok, you can also come up with energy balance here. Now, considering steady flow, we
now well aware that this would be the case for steady flow.

Now we will be considering that there is no heat supply to it, ok? So that mean Q dot is zero and
as well as the work there is no work done or by the system. And we will be assuming the
changes in the kinetic energy, potential energy to be zero. In that case, your simple energy
balance would be your summation m theta inlet is equal to summation m theta outlet or in a
generalized form it will be simple. For the case of this system where your kinetic energy and

potential energies are zero. Other changes are zero.

Your h inlet should be equal to m h outlet, ok? And this is what we is written here. So this is a

simple energy balance for in the case of mixing chamber.
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So we can take another device. Now in this case which is a heat exchanger, this device allows
heat transfer without direct contact of the fluids. So a generalized definition is, these are the

device where two moving fluid streams exchange heat without mixing.

It does the same operation but it does not allow the physical mixing of the two fluids for the heat
transfer. And this is commonly used in various industry and they can in a different design. So
this is a simple analysis of heat exchanger for example here you can this is a let us say fluid A
passing through a pipe and then we have another fluid through this control volume and if you

consider the control volume as a dash line here, ok?

There is no additional heat transfer at the boundary from the surrounding to this control volume.
It happens within this control volume. So thus your overall control volume heat exchange would
be zero. But on the other hand if you cover with the control volume boundary as a within the
pipe of fluid then there is a transfer from the outside of this control volume that is from B to A,

ok? And thus your Q c v is not equal to zero.

So it depends on the how you come up with your control volume and depending on the control
volume, your heat exchange may be zero or nonzero. Ok, that is a heat transfer associative with a

heat exchanger example. So we will try to do some example in order to get a more insight to this.
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Example

Refrigerant-134a 1s to be cooled by water in a condenser. The refrigerant
enters the condenser with a mass flow rate of 6 kg/min at | MPa and
70°C and leaves at 35°C. The cooling water enters at 300 kPa and 15°C
and leaves at 25°C Neglecting any pressure drops, determine (a) the
mass flow rate of the cooling water required
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So this example is a refrigerant which is to be cooled by water either condenser and the
refrigerant enters the condenser with a mass flow rate of 6 Kg per minute. So which essentially
means you have a refrigerant 134 A, ok? Which is at 70 degrees celsius 1 MegaPascal and it
exits at 4 with at 35 degree celsius. Water enters at 15 degrees celsius at 300 kiloPascal and it

exits at 25 degrees celsius.

So the water heats up a bit and there is a drop in temperature in the refrigerant. So mass flow rate
of refrigerant is given and what we have to do is we have to neglect any pressure drop and

determine the mass flow rate of the cooling water required.

So we can do a simple mass balance. Based on the mass balance being these two fluid water and
refrigerant, they do not mix and hence mass flow rate should remain constant which essentially
means that the mass flow rate for the refrigerant at the inlet condition should be same as outlet
condition and for the same is true for for the case of water.

So we can write that, you can say that m 1 dot is equal to m 2 dot and that will be let us say water
flow rate and m 3 dot is nothing but m 4 dot, that will be your m r, that is the flow rate for the
refrigerant, ok? So this is your simple mass balance. Now we can write your energy balance and

considering it is a steady flow device, we can write this as simply E in dot equal to E in out, ok?



Or in other word, your Q in plus W in for the case of inlet streams is equal to Q out plus W out
outlet. The heat we are assuming is the considered to be the complete control volume. Ok? In
that case you Q dot and W dot should be zero. And assuming the kinetic energy and potential
energy to be zero, this can be simply written as m dot h inlet should be equal to m dot h outlet,

ok?

Or in other word, the inlet are 1 and 3, so we can write m 1 h 1 plus m 3 h 3, this is same as m 2
h 2 plus m 4 h 4. Now m 1 is equal to m 2, this is what we are saying is m w. So we can rewrite
as... Ok, we can take the common terms and we can rewrite this energy balance in this form.
Ok? Now what is the next thing to do is to find out the enthalpies. And for that we have to make

use of lots of table.

Let me just summarise the procedure to solve the rest of the problem. Now the first important
thing is to look at whether the given conditions which are given for the water, is it in a
compressed state or superheated state or saturated liquid state? So the temperature given is a 25
in 15 degree celsius at 300 kiloPascal, ok? And since there is no pressure drop, SO we are
assuming that this 300 kiloPascal remains same across the end (())(14.49) both the inlet and

outlet condition.
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So at 300 kiloPascal your T sat for water is 133.52 degree celsius. The temperature which is
given to us is much less than T sat. So thus we are going to consider this to be a compressed
liquid. So in that case we can consider h 1 to be simply the saturated fluid condition at 15 degree
celsius and h 2, at h f at 25 degree celsius. Now this information you can get it from table A 4

and these values are 62.982 kiloJoules per Kg and this is 104.83 kiloJoules per Kg.

So the water is known, so what about your refrigerant? For that you have to look at the tables
like A 13 and A 11. So if you look at your conditions of refrigerant p 3 is at 1 MegaPascal and t
3 70 degrees celsius. So these are the condition based on the A 13 will tell you that this is a super
heated vapour condition. And hence, you can take the value as three from the table A 13 which
comes out to be 303.87.

Ok, similarly you can find P 4, Ok? And this will be your compressed case for the case of your
refrigerant. Ok, so this is your compressed and this is your h 4 is... ok? Now you plug in this

value, here ok? In thin equation. You will obtain m 2.
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Example

Refrigerant-134a 1s to be cooled by water in a condenser. The refrigerant
enters the condenser with a mass flow rate of 6 kg/min at | MPa and
70°C and leaves at 35°C. The cooling water enters at 300 kPa and 15°C
and leaves at 25°C Neglecting any pressure drops, determine (a) the
mass flow rate of the cooling water required
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So that was the question which we ought to solve. you can also try to find out what is a effective

heat transfer in this system by taking a control volume.
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(b) the heat transfer rate the refrigerant to water
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So you can also try to try to solve this problem of heat transfer rate from the refrigerant to the
water by applying a simple energy balance. So for this specific case here, write your Q w in... SO
what we have done is that we have specifically considered this control volume in order to find
the heat transfer from the refrigerant to the water and thus this dash line represents the control

volume.

You apply the same energy balance equation but now you have to consider this Q w in here, ok
which is nothing but Q r out and this terms related to flow energies. Now so based on these you
already have m w and you have the values of h 2 and h 1 from your previous slides here. So this
value turn out to be 1218 kiloJoules per minute. Ok. You can also consider not just this control
volume but the control volume which encompasses the water only and obtain the same

expressions.
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+  Develop the conservation of mass primciple

* Apply the conservation of mass principle to various systems including
steady- and unsteady-flow control volumes

« Apply the first law of thermodynamics as the statement of the
conservation of energy principle to control volumes

+ Identify the energy carmied by a flmd stream crossing a control surface as
the sum of internal energy. flow work. Kinetic energy. and potential
energy of the fluid and to relate the combination of the mternal energy
and the flow work to the property enthalpy.

+ Solve energy balance problems for common steady-flow devices such as
nozzles. compressors. turbines. throttling valves. mixers. heaters, and heat
exchangers. pipe and duct flow.

« Apply the energy balance to general unsteady-flow processes with
particular emphasis on the uniform-flow process as the model for
commonly encountered charging and discharging processes.

So this was a simple exercise for making use of the heat exchanger to solve problems related to
based on the mass balance energy balance and in next lecture we will be considering pipe and
duct flow followed by your unsteady flow process and that will be the end of this particular

module. Ok? So see you in the next lecture.



