
3_2 Thermodynamics and Geothermal Systems
Recap:

Heat supplied to the crust (~70km deep) by convection - but conduction dominates in the crust
Hydrothermal regimes concentrated in - destructive, constructive and hot-spot areas
EGS low-grade power ubiquitous

Recovery of thermal energy - requires a heat-transfer mechanism
Generating power requires an energy conversion mechanism - flash to steam

Movies: 

Allam Cycle: https://www.youtube.com/watch?v=vFcbev1TkoU

Resources: WG3

Thermodynamics: https://en.wikipedia.org/wiki/Laws_of_thermodynamics

Motivation:

1.	 Motivation [10%] Provide context for the topic. Use of relevant public domain videos are a useful 
method for this. Why is this particular topic or sub-topic important in the broad view of geothermal 
energy engineering? 




Generation of electricity requires conversion of energy - heat to work to electricity1.
Dissolution and precipitation of minerals (scaling) is controlled by thermodynamics2.
Water in geothermal reservoirs exists in vapor and liquid and may transit between states
3.



Scientific Questions:


2.	 Scientific Questions to be Answered/Outline [10%] What questions arise from the 			motivation. 
What are the sub-topical areas that address these scientific questions. 



Background on Laws of Thermodynamics:

First Law:1.

a. Conservation of Energy

Energy can neither be created or be destroyed - it is conserved
All forms of energy are equivalent

b. Internal Energy



c. Pressure-Volume Work (above)

d. Enthalpy (above)

2. Second Law:

Entropy always increases

a. Efficiency

b. Carnot Cycle

c. Heat Capacity
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d. Entropy

3. Gibbs Function and Gibbs Energy (dG):

Bydefinition DS dq 1T

A measure of unattainable heat

Defines the energy analable with a system at a

referee state and therefore the ability of
that system to do work relate to another

state
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in a closed invariant system Ldg C DT

AG genes the change in energy within

the system



Standard State

4. Thermodynamic Efficiency:
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1 At constantpressure DT infurrees

vapor more than a feud
2 At modest pressures 0 I and IMPa

liquids andsolids insensate to pressure

For a closed system no heatsupply
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If no heatsopply then write as tempnoties

Efficacy Ti Te
Ti

All temperatures in Kelvin



Thus Ti initial temperature fund
Tz coded fluid say 290k

Effaagtw.tn temperatureof
geothermalfluid



5. Thermodynamic Properties of Water and Water-Rock Interaction:



Energy recovered from water 250C
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Mass

so far bT Me Me 1kg Il

Q l x 4180 J kgK x l K 4

Total enthalpy is H M cp.TT
25 273 K

H 1kg x 418017kg 298K

or Q x 300

charge in enthalpy
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QED





































































PHASE CHANGE IN SYSTEMS










































































































PHASE CHANGE

Largest energy rearry with please
charge

Raped recovery of halt water at depth
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Conservation
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Example Water 250 C

p 40 bar 1500in
414Pa

Enthalpies hequad 2500440bar 1.0854kg

100041bar 0.419 Tkg

Vapor 100 11bar 2.6764kg

Solve fu legend facteen X

X 70 and l X 30







3.	 For Each Sub-Topic: 

a.	 Detailed Explanation of the Topic [40%] Describe the physical principles in detail and at a pace 
that is tutorial for an audience. 



Summary - in terms of EME 303



















b.	 Example Hand-Calculation [10%] Simple calculation to demonstrate the technique. 



c.	 Case Study [10%] If appropriate.  




Conclusion:


4.	 Conclusion [20%] Summarize important/key points from the presentation.  
















