ChE 374-Lecture 6—Mass Balance

e Reynolds Transport Theorem: B—égi =4 [, pbdV + [, pbi - fidA.
pbt - 7i is the flux of B stuff through the control surface.

e Integral Mass Balance
1. B=M,b=B/M=1.
2. Apply the conservation law: dM/dt = 0: mass is conserved.
3. & [oypdV + [, pT-7idA =0.

e Cases

1. Steady State
2. Constant density

% Liquids have approximately constant density

* Gas density: ideal gas law: vary pressure (high speed flows or compressor), vary
temperature (e.g., combustion), vary moles (e.g., combustion/reaction).

3. Uniform inside C.V. and/or Uniform inlet /outlet flows over surface.
4. Fixed or variable C.V. The control volume C.V. can move

* U= Tsys — Upy-

* Can pull the d/dt inside the integral.

dm : 5
g = Min — Mout

e Examples

— Simple flow with change in area of inlet/outlet.
* Fixed CV, SS, Constant p, Uniform Flows.
— Filling a tank with inlet and outlet.
x Constant p, Uniform Flows, not S.S., none-fixed C.V.

— Nonuniform flow — compute the average velocity from a velocity profile.
e Differential Form of Mass Balance.

— Get from the Integral form with a small/uniform property control volume and shrink to
a point.

— Get from the Gauss Divergence Theorem.
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