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1.4.1 Energy Balance for Open Systems with Multiple Inputs and Multiple 

Outputs 
The general energy balance for an open system is 

………..(1.24) 

The change in the rate of enthalpy for multiple streams is 

…………….(1.25) 

Setting enthalpy transport rate (H) in terms of specific enthalpy  h 

……………..(1.26) 

Example 1.19 Enthalpy Change of Mixtures and Phase Change 

Thousand kilomoles per hour of a liquid mixture of 70 mol% acetone and 30 mol% 

benzene is heated from 10°C to 50°C in a shell-and-tube heat exchanger using steam as the 

heating medium. The steam enters the heat exchanger in the shell as a saturated vapor at 

16 bar of 90% quality, and exits as saturated liquid water at 16 bar. Calculate the mass 

flow rate of the inlet steam required for this purpose. 

Solution 

Known quantities: Inlet mixture flow rate and composition, inlet and exit temperature, 

steam inlet and outlet conditions. 

Find: The mass flow rate of inlet steam. 

Assumptions: The boiler is adiabatic, no shaft work, no change in inetic and potential 

energy, inlet and exit pipe is at the same diameter and level. 

Analysis: Use energy balance for an open system around the heat 

 

exchanger. Energy balance for an open system is given by 

After including the assumptions, the equation is reduced to  

Since the system is of multiple inputs and multiple outputs, the change in enthalpy around 

the heat exchanger is  

Setting the enthalpy transport rate (H) in terms of specific enthalpy h, 
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1.4.2 Enthalpy Change because of Mixing 

 

The thermodynamic property of an ideal mixture is the sum of the contributions from the 

individual compounds. The following example illustrates the thermodynamic property of 

an ideal mixing. 

 

Example 1.20 Mixing 

Hundred kilograms per hour of a saturated steam at 1 bar is mixed with superheated steam 

available at 400°C and 1 bar to produce superheated steam at 300°C and 1 bar. Calculate 

the amount of superheated steam produced at 300°C, and the required mass flow rate of 

the 400°C steam. 
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Solution 

Known quantities: Stream 1: mass flow rate, saturated steam, 1 bar. Stream 2: 400°C and 

1 atm. Stream 3: superheated steam produced at 300°C, 1 bar. 

Find: Volumetric flow rate of stream 2. 

Assumptions: No change in kinetic and potential energy, no shaft work. 

 

 

 

 

 

 

 

EXAMPLE FIGURE 1.20.1 Mixing of saturated and superheated steam. 

Analysis: Use open system energy balance with multiple inputs, single output. The 

process flow sheet is shown in Example Figure 1.20.1. The general energy balance for an 

open system after applying the assumptions is reduced to 
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