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EN727005
THERMODYNAMICS FOR CHEMICAL ENGINEERS
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Processes occur in certain direction, not in any direction.
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o (Irreversible) a

Ice cube 1s being molten A ball is rolling
down slope L)
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Hot coffee is being cooled down Water fall
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We've never seen these processes happen the other way round by themselves
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Common name of thermal reservoir Heat Engine
. There are many, but can be Characterized:-

* Thermal reservoir

* Reservoir .
1. Receives heat from a heat source. Q

) X ) 5

* Heat source or Source: for high temperature reservoir the give heat .

2. Converts part of heat into work. Heat
to the system Enaine Wae
. . . . 3. Reject waste heat to heat sink.

* Heat sink or Sink: for low temperature reservoir the receives heat i Q

4. Operates in cycle.

rejection from the system
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Steam Power Plant:
an example of heat engine

+External combustion engine

-Working fluid: steam

+Fuel combustion in furnace: heat source
~Turbine: convert steam energy into work
*Atmospheric air: heat sink

Pump: consumes some power

Thermal Efficiency

Performance = desired output (5.1)
required input
Heat engine:
Thermal efficiency net work output (5.2)
total heat input
I Wt (53)
Qu Qo
Heat. 1- 5.4,
f- w, g: (5.4)
Q Q, and Qy; are magnitude (amount) of heat, their direction are already

accounted for in the equation.

Is Q, an output?

Thermal Efficiency

Typical thermal efficiency:

Spark-ignition engine ~20%
Diesel engine, Large gas turbine  ~30%
Large Steam power plant ~40%

Increase thermal efficiency means less fuel consumption, less fuel cost + less
environmentalimpact. Tt is the role of engineers to improve the performances..

Can we save Q,,: [
How to bring the gas.
Consider a simple heat engine

back to its original
state?

Sorry we can't, we have to reject some Q. from the system.

Example 5.1 Heat is transferred to a heat engine from a furnace at a rate
of 80 MW. If the rate of waste heat rejected to a nearby river is 50 MW.
Determine the net power output and the thermal efficiency of this heat
engine.

Solution

Wiet = Qu—Qu

= (80 —50) MW = 30 MW ans

= W.,= 30MW = 0.375
TG somw
= 37.5% ans

Example 5.2 A car engine with a power output of 100 kW
has a thermal efficiency of 25%. Determine the fuel
consumption rate of this car if the fuel has a heating value

of 40 MJ/kg.
Solution
M = Woe
Qy
Qu Qy = W, = (100kW)/(0.25)
car th
Engine. Wi, = 100 kW = 400 kW
Q. My = Q/HHV
= (400kW)/(40,000 kJ/kg)

= 0.01 kg/s answer
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The Second Law of Thermodynamics:
Kelvin-Planck Statement

It is impossible for any device that operates on a cycle to receive
heat from a single reservoir and produce a net amount of work

Heat
Engine

‘meaning Q>0
fom 1y = Woe = 1- Q)
&g,

No heat engine can have a
thermal efficiency of 100 %
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End of Part 1




