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FIRST LAW OF THERMODYNAMICS FOR FLOW PROCESS

The steady-state flow through an equipment is of considerable importance industrially, as material flow through

equipment such as pumps, fans, compressors, turbines, nozzles, heat exchangers, reactors, etc. The term steady

state requires that the conditions at all points in the apparatus are independent of time. For this to be true,

there should be no accumulation or depletion of material or energy within the equipment and all rates must be

constant. The total mass flow rates at all points along the path of the fluid must be the same.
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Consider an idealized flow system as shown in Fig.1. A fluid is flowing through the apparatus from section 1 to 

section 2. The velocity, specific volume, pressure, and height above the datum are represented by U, V, P, and Z

respectively. The suffix 1 indicates conditions at section 1 and suffix 2 the conditions at section 2. Heat Q is added 

per unit mass of the fluid by means of the heat exchanger and shaft work Ws is extracted by means of a turbine or 

any other suitable device.
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FIRST LAW OF THERMODYNAMICS FOR FLOW PROCESS

According to the first law of thermodynamics, the total energy with which the fluid is entering at section 1 plus the energy 

imparted to the fluid while it is in the system must be equal to the total energy with which the fluid is leaving the system at 

section 2.



The contributions to the total energy at section 1 are:
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Internal energy: Each unit mass of the fluid brings with it a certain amount of internal energy U1. The incoming 

internal energy is mU1.

Potential energy: The fluid has a potential energy above the reference plane equal to the work done against gravity in 

raising it to a height Z1. The potential energy of the fluid at section 1 is mgz1.

Kinetic energy: It is due to the velocity of the fluid and at section 1, its value is (1/2) mu2

Entrance Work. The force acting on the fluid equals the product of the pressure and the cross-sectional area of the

tube. Since a unit mass of the fluid at pressure P1 occupies a volume V1, the distance through which the force acts in

order to move the fluid into the system is equal to V1/A, where A is the cross-sectional area of the tube. This work

which is equal to P1V1 for unit mass of the fluid is done by the flowing fluid and therefore is called ‘flow energy’.

The flow energy at section 1 is mP1V1.

Total energy at section 1 = mU1 + mgZ1 + (1/2) mu1
2+ mP1V1

Total energy at section 2 = mU2 + mgZ2 + (1/2) mu2
2+ mP2V2Similarly 

FIRST LAW OF THERMODYNAMICS FOR FLOW PROCESS



The energy imparted to the fluid within the system is determined by knowing the amount of heat exchanged 

between the system and the surroundings and the total work done by the system or work done on the system. That is,
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Combining the preceding three results, we see that for unit mass of fluid the energy balance gives

or

ΔU + Δ(PV) + gΔZ + ½ Δu2 = Q – Ws

ΔH = ΔU + Δ(PV)Since

FIRST LAW OF THERMODYNAMICS FOR FLOW PROCESS

Total energy imparted to the fluid is = mQ – mWs



Examples

1/ A steam turbine using steam at 1368 kPa and 645 K and discharging saturated steam at 137 kPa is used to generate

power for certain chemical plant. The turbine acts adiabatically and the feed and discharge velocities may be

considered equal.

If the inlet and outlet level is equal, Determine the theoretical horsepower developed by the turbine if it uses 1650 kg

steam per hour. From the steam tables, enthalpy of superheated steam at 1368 kPa and 645 K = 3200 kJ/kg and

enthalpy of saturated steam at 137 kPa = 2690 kJ/kg.
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Solution: 

Since the process is adiabatic, Q = 0. 

Assuming that the inlet and discharge of the turbine are at the same level, ΔZ = 0.

Feed and discharge velocities being equal, Δ u2 = 0. The general Equation reduces to

Ws = – ΔH = – (H2 – H1) = H1 – H2 = 3200 – 2690 = 510 kJ/kg

Since the steam consumption rate is 1650 kg/h,

work done by the turbine = (510 ˟ 103) 1650/3600 = 233750 J/s = 233750/745.7 = 313.46 hp



2/ 10 kg of fluid per minute goes through a reversible steady flow process. The properties of fluid at the inlet are : p1 = 1.5 bar,

ρ1 = 26 kg/m3, C1 = 110 m/s and u1 = 910 kJ/kg and at the exit are p2 = 5.5 bar, ρ2 = 5.5 kg/m3, C2 = 190 m/s and u2 = 710

kJ/kg. During the passage, the fluid rejects 55 kJ/s and rises through 55 meters. Determine :

(i) The change in enthalpy (Δ h) ; (ii) Work done during the process (W).
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Examples
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3/ In a gas turbine unit, the gases flow through the turbine is 15 kg/s and the power developed by the turbine is 12000 kW. 

The enthalpies of gases at the inlet and outlet are 1260 kJ/kg and 400 kJ/kg respectively, and the velocity of gases at the 

inlet and outlet are 50 m/s and 110 m/s respectively. Calculate :

(i) The rate at which heat is rejected to the turbine, and (ii) The area of the inlet pipe given that the specific volume of the 

gases at the inlet is 0.45 m3/kg.

Examples
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4/In an air compressor air flows steadily at the rate of 0.5 kg/s through an air compressor. It enters the compressor at 6

m/s with a pressure of 1 bar and a specific volume of 0.85 m3/kg and leaves at 5 m/s with a pressure of 7 bar and a

specific volume of 0.16 m3/kg. The internal energy of the air leaving is 90 kJ/kg greater than that of the air entering.

Cooling water in a jacket surrounding the cylinder absorbs heat from the air at the rate of 60 kJ/s. Calculate :

(i) The power required to drive the compressor ; (ii) The inlet and output pipe cross-sectional areas.

Examples
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Home Works

1/A domestic refrigerator is loaded with food and the door closed. During a certain period the machine consumes 1 kWh of

energy and the internal energy of the system drops by 5000 kJ. Find the net heat transferred in the system.
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2/ A system is composed of a stone having a mass of 10 kg and a bucket containing 100 kg of water. Initially the stone and

water are at the same temperature, the stone then falls into the water. Determine ΔU, ΔKE, ΔPE, ΔQ and ΔW for the

following cases :

(i) At the instant the stone is about to enter the water.

(ii) (ii) Just after the stone comes to rest in the bucket.

3/ A turbine operating under steady flow conditions receives steam at the following state : pressure 13.8 bar ; specific 

volume 0.143 m3/kg ; internal energy 2590 kJ/kg ; velocity 30 m/s. The state of the steam leaving the turbine is : pressure 

0.35 bar ; specific volume 4.37 m3/kg ; internal energy 2360 kJ/kg ; velocity 90 m/s. Heat is lost to the surroundings at the

rate of 0.25 kJ/s. If the rate of steam flow is 0.38 kg/s, what is the power developed by the turbine ?



End
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