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Energy Balances on Closed Systems
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Note that energy can neither be created nor destroyed.

  Open system ~ mass crosses the system boundary during the period of time covered 

by the energy balance  semibatch and continuous process

Closed system ~ mass does not cross the system boundary during the period of time  

covered by the energy balance  batch process
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For a closed system

WQ 

Subscripts i and f refer to the initial

and final states of the system

U, Ek, Ep, Q and W represent internal

energy, kinetic energy, potential energy,

heat transferred to the system from its

surroundings, and work done by the

system on its surroundings 
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1. The internal energy of a system depends almost entirely on the chemical composition, state

of aggregation, and temperature of the system materials. It is independent of pressure

for ideal gases and nearly independent of pressure for liquids and solids. If no temperature

changes, phase changes, or chemical reactions occur in a closed system, and if pressure

changes are less than a few atmospheres, then U  0.……………………………...

2. If a system is not accelerating, then Ek = 0. If a system is not rising or falling, then Ep = 0.

3. If a system and its surroundings are at the same temperature or if the system is perfectly

insulated, then Q = 0. The system is termed adiabatic.…….……………………. ………

4. If the system has no moving parts or electrical currents or radiation at the system boundary,

then W = 0.…………………………………………………………………………………

WQEEU pk  Basic form of the first law of thermodynamics for a closed system



Example:

A gas is contained in a cylinder fitted with a movable piston. The initial gas

temperature is 25°C. The cylinder is placed in boiling water with the piston held in a

fixed position. Heat in the amount of 2.00 kcal is transferred to the gas, which

equilibrates at 100°C and a higher pressure. The piston is then released, and the gas

does 100 J of work in moving the piston to its new equilibrium position. The final gas

temperature is 100°C. Write the energy balance for each of the two stages of the

process, and in each case solve for the unknown energy term. In solving the problem,

consider the gas to be the system, neglect the change in potential energy of the gas as

the piston moves, and assume ideal gas behavior. Express all energies in joules.



Solution
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An additional 100J of heat are absorbed by the gas as it expands and re-equilibrates at 100C.

The gas gains 8368J of internal energy.



Energy Balances for closed unsteady state systems



Alkaloids are chemical compounds containing nitrogen that can be produced by plant

cells. In an experiment, an insulated closed vessel 1.673 m3 in volume was injected with a

dilute water solution containing two alkaloids: ajmalicine and serpentine. The temperature

of the solution was 10°C. To obtain an essentially dry residue of alkaloids, all of the water

in the vessel was vaporized. Assume that the properties of water can be used in lieu of the

properties of the solution. How much heat had to be transferred to the vessel if 1 kg of

saturated liquid water initially at 10°C was completely vaporized to a final condition of

100°C and 1 atm
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Q = ΔU = mΔǙ = m(Ǚ2 – Ǚ1)

1 kg H2O (2506 – 35) kJ

kg
Q = = 2471 kJ
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Ĥ = Ǔ + PṼ

steam_tables.pdf


Energy Balances for closed, steady state systems



Energy Balances for closed, steady state systems



Ten pounds of CO2 at room temperature (80 oF) are stored in a fire

extinguisher having a volume of 4 ft3. How much heat must be removed

from the extinguisher so that 40% of the CO2 becomes liquid?

Example Closed system

pressure enthalpy diagram co2.gif
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Argon gas in an insulated plasma deposition chamber with a volume of 2 L is

to be heated by an electric resistance heater. Initially the gas, which can be

treated as an ideal gas, is at 1.5 Pa and 300 K. The 1000-ohm heater draws

current at 40 V for 5 minutes (480 J of work is done by the surrounding).

What is the final gas temperature and pressure at equilibrium? The mass of

the heater is 12 g and its heat capacity is 0.35 J/gK. Assume that the heat

transfer to the chamber from the gas at this low pressure and in the short time

period is negligible.



Q is negligible

A monatomic gas Cv = (3/2)R . A diatomic gas Cv = (5/2)R . A tri-atomic gas Cv = 3R









778.2 ftlbf = 1Btu 1.0 lbf = 32.2ftlbm/s2

ρH2O= 8.33lbm /gal



1 hp = 33,000 ft·lbf/min

ΔH = 5000 + 2800 – 385.5 = 7414 Btu 



OR:





Example : Application of the energy balance to Heating a Biomass

Steam at 250°C saturated (which is used to heat a fermentation broth) enters

the steam chest of fermentor. The steam chest is segregated from the

biomass in the fermentor. Assume that the steam is completely condensed in

the steam chest. The rate of the heat loss from the surroundings is 1.5 kJ/s.

The material to be heated is placed in the fermentor at 20°C and at the end

of the heating is at 100°C. If the charge consists of 150 kg of material with

an average heat capacity of Cp = 3.26 J/(g)(K), how many kilograms of

steam are needed per kilogram of charge? The charge remains in the vessel

for 1 hr.
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Assume that the biomedia has the properties of water. The system is in the steady 

state with no work, KE, PE involved.
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Energy Balance on an Open System



Energy Balance on an Open System
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P1V1 = nRT1 P2V2 = nRT2

T1 = T2




















