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Dr. Fletcher’s Sanity Rules

• Wait 24 hours to come see me about 
points

• Please come see me if you think it was 
graded wrong or unfairly
– Don’t be afraid to come see me (please!)
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Exam 3
(In case you were wondering)

• Closed Book

• Closed Notes

• 3 hrs

• One 8.5 x11 page with equations and 
notes (one side)

• All tables and data will be provided

Enthalpy &
Steam Tables

Class 24
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Shaft Work vs Flow Work
• Ws = shaft work

– Work done by moving parts

– Axle, turbine, pump

• Wfl = flow work
Work by fluid to push through the system

Wfl = 𝑃𝑉ሶ - 𝑃௨௧𝑉ሶ௨௧ ሺpositive when W added to systemሻ
ൌ െΔሺ𝑃𝑉ሶ ሻ since the Δ means “out” minus “in”

Cannot be ignored (friction happens!)

in out

Pout

𝑉ሶ௨௧
Pin

𝑉ሶ

Enthalpy

• An energy term made up for convenience

𝑯 ൌ 𝑼 𝑷𝑽

𝑯 ൌ 𝑼  𝑷𝑽 (per kg or kgmole)

• Commonly used for open systems
– For those of us who hate converting pressure 

units to energy units!!!
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Open System Energy Balance

• At Steady State:

∆𝑯ሶ  ∆𝑬ሶ 𝑲  ∆𝑬ሶ 𝑷 ൌ 𝑸ሶ 𝑾ሶ 𝒔
Units: Btu/hr or J/s or kW

where

∆𝑯ሶ ൌ 𝒎ሶ ∆𝑯 ൌ 𝒎ሶ ሺ𝑯௨௧ െ 𝑯ሻ

∆𝑯ሶ  ∆𝑬ሶ 𝑲  ∆𝑬ሶ 𝑷 ൌ 𝑸ሶ 𝑾ሶ 𝒔
∆𝑼  ∆𝑬𝑲  ∆𝑬𝑷 ൌ 𝑸 𝑾

• What are the differences?

• Where did H come from?
W = Ws + Wfl

= Ws - (PV)

U + (PV) = H

Enthalpy is your friend

Compare with Closed System Energy Balance
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How Do You Calculate 
Enthalpy?

1. Tables

2. Equations

3. Graphs

Steam Tables

• Tables are always with respect to some 
reference state

• H from reference state is the value in the table

• If you use data from different tables, you will 
need to adjust for the reference state
– This can cause huge errors

• Enthalpy is a state property
– Does not depend on path
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1. Liquid Water

2. Steam (vapor)

3. Hvap

Reference Enthalpy
for Steam Tables
(𝐻=0 at triple pt,
0.01C and 
0.00611 bar)

4. P*H2O
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Supercritical

What they say… What they mean…

Well insulated Q = 0 , but T ≠ 0

Adiabatic Q = 0 , but T ≠ 0

Isothermal T = 0, but Q ≠ 0

Rigid Container Volume doesn’t change
WPV = 0

Isochoric Constant Volume
WPV = 0

No mechanical parts, or no 
moving parts

WS = 0

Energy Equation Information Sheet
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1.What is Hvap at 30 bar?

2.What is P*H2O at 311C?

3.What is        at 84C?

4.What is          at 200 bar and 100C?

5.What is          at 80 bar and 600C?

6.What is the dew point temperature (Tdp) for 
question #5?

7.What is the temperature and enthalpy of 
saturated steam at 80 bar?

8.What is the enthalpy of 10% quality steam at 30 
bar?  (Quality is defined as the wt% steam in a 
steam-water system).

waterV̂

waterĤ

steamĤ

1793.9 kJ/kg  (Table B.6)

100 bar  (Table B.6)

0.001032 m3/kg (Table B.5)

434.0 kJ/kg (Table B.7)

3640 kJ/kg (Table B.7)

295.0C (Table B.7)

295.0C, 2759.9 kJ/kg (Table B.6)

0.9*1008.4 + 0.1*2802.3 = 1187.8 kJ/kg (Table B.6)

Rule of Thumb

• Closed Systems 
– Use internal energy (U)

• Open Systems
– Use enthalpy (H)
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Examples

Example: Steam Turbine
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Steam
1000 kg/hr
60 bar
500C

Q = 0
Steam
1 bar
400C

Find the work done by the fluid on the turbine blades.

𝐻 ൌ ? 𝐻௨௧ ൌ ?

∆𝑯ሶ  ∆𝑬ሶ 𝑲  ∆𝑬ሶ 𝑷 ൌ 𝑸ሶ 𝑾ሶ 𝒔

(1000 kg/hr)(3278 kJ/kg – 3422 kJ/kg) = Ws = -1.44 × 105 kJ/hr

= -40 kJ/s = -40 kW

Ws = -40 kW

3422 𝑘𝐽/𝑘𝑔 3278 𝑘𝐽/𝑘𝑔

Work done by fluid on the turbine blades

(this 𝑊ሶ௦ turns the generator to make electricity)

𝑾ሶ 𝒔

Δ𝐻ሶ ൌ  𝑚ሶ 𝐻௨௧  െ  𝐻 ൌ ?

Example: Condenser
(Heat Exchanger)
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Steam
1 bar
200C
60 kg/hr

Sat’d water
1 bar 

Find 𝑄ሶ

𝑄ሶ

𝐻 ൌ 2875 𝑘𝐽/𝑘𝑔 𝐻௨௧ ൌ 417.5 𝑘𝐽/𝑘𝑔

∆𝑯ሶ  ∆𝑬ሶ 𝑲  ∆𝑬ሶ 𝑷 ൌ 𝑸ሶ 𝑾ሶ 𝒔

𝑄ሶ = (60 kg/hr)(417.5 kJ/kg – 2875 kJ/kg)(hr/3600 s) = - 40.96 kJ/s

𝑄ሶ = -41 kW

(Heat removed)

Out    - In

𝑄ሶ ൌ  𝑚ሶ 𝐻௨௧  െ  𝐻 ൌ ?

HW Hint

• On problem 21.4, use the saturated 
conditions to find the enthalpy of liquid 
H2O at 27°C. This enthalpy is not at the 
correct pressure, but the effect of pressure 
on liquid water enthalpy is very small.
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