
Fluid flow



Calculating equation coefficients

Fluid Conservation Equation

Surface Conservation Equation

needs flow estimation

needs radiation and 
convection estimation

Construction Conservation Equation



 Air/vapour flow through cracks and openings in the building envelope allowing infiltration 
and natural ventilation.

 Air/vapour flow through the leakage paths connecting internal spaces and the distribution 
networks that exist to service the building’s heating, cooling and ventilation demands.

 Air/vapour/pollutants flow within the interior spaces of the building or the movement of 
working fluids within HVAC plant components.

 Water movement (in the liquid and vapour states) within the porous materials comprising 
the building structure and contents.

Flow domains

Two modelling approaches 
of progressive detail:
 nodal network -

applicable to building 
infiltration & natural 
ventilation and plant 
fluid flows; and

 computational fluid 
dynamics - generally 
applicable.

Building flow-paths Plant components



Nodal network method – boundary conditions

 Building surface pressure distribution is wind induced:

 Where the reference wind speed, vr, is a local wind speed, the free stream wind speed is 
modified as a function of any height difference and the effect of local terrain roughness using 
an assumed vertical wind profile (see notes). 



Nodal network method – system discretisation

 Nodes represent discrete, homogeneous fluid 
volumes characterised by:

• temperature;
• static pressure;
• height relative to an arbitrary datum.

 Buoyancy effects:
• pressure drop across a component 

determined from Bernoulli’s equation 
(one-dimensional steady flow of an 
incompressible fluid):



• a restriction with a large aspect ratio (such 
as a crack)

Nodal network method – component models

 Component models derived from experiments, 
for example the mass flow rate through:

• through an open window

• through a large vertical opening (such as 
a doorway)



 Solver uses Crout’s method with partial pivoting:
•
• J decomposed into a lower triangular matrix, L, and 

an upper triangular matrix, U, such that L U = J;
• solve, by forward substitution, for the vector Y such 

that L Y = R and then solve (by back substitution) U 
C = Y;

• advantage is that both substitutions are trivial;
•

Nodal network method – iterative solution procedure

 Nodal mass flow rate residual (error) for a current iteration:

 Required nodal pressure corrections:

 Pressure correction vector:

 Jacobian matrix:

 Convergence criterion:



See tutorial 
questions 7 & 8 

and learn method 



Computational Fluid Dynamics – domain discretisation

Energy system geometries are typically orthogonal …

simple devices used for non-orthogonal cases …



 Energy, mass and momentum equations applied:

The rate of increase of φ within a fluid element 
= the rate of increase of φ due to diffusion - the 
net rate of flow of φ out of the element + the 
rate of increase of φ due to sources.

Computational Fluid Dynamics – conservation equations

 The Boussinesq approximation is usually applied:
• air density held constant;
• effects of buoyancy included within the momentum equation.

 To avoid direct modelling turbulent flows, a 
turbulence transport model is used whereby the 
influence of turbulence on the time-averaged 
motion of air may be determined, e.g. the standard 
k-ε model used to determine the eddy viscosity, μt, 
at each grid point as a function of the local 
turbulent kinetic energy (k) and its rate of 
dissipation (ε):

 Conservation equations discretised by the 
finite volume method to obtain a set of 
linear equations of the form:



Computational Fluid Dynamics – initial and boundary conditions

 Initial values of ρ, ui and θ are required at time t = 0 for all domain cells.

 For solid surfaces, the required boundary conditions include the temperature (or 
flux) at points adjacent to the domain cells.

 For cells subjected to an in-flow from ventilation openings and doors/windows, the 
mass/momentum/energy/species exchange must be given in terms of the 
distribution of relevant variables of state: U, V, W, H, k, ε and C.

 At outlets, the normal practice is to impose a constant pressure and the conditions 
∂un/∂n = 0, ∂θ/∂n = 0, ∂k/∂n = 0, ∂ε/∂n = 0, where n indicates the direction normal 
to the boundary.

Where the CFD model is conflated with the building and network flow models, 
these boundary conditions will be time dependent.

Where a method exists to consider the applicability of different near-wall 
turbulence models, then parameters such as surface convection coefficients may 
additionally be assigned as boundary conditions.



Computational Fluid Dynamics – iterative solution procedure

 SIMPLE (Semi-Implicit Method for Pressure-Linked Equations) method:
• pressure of cells linked to the velocities connecting with surrounding cells in a manner 

that conserves continuity;
• accounts for the absence of an equation for pressure by establishing a modified form of 

the continuity equation to represent the pressure correction that would be required to 
ensure that the velocity components determined from the momentum equations move the 
solution towards continuity;

• uses a guessed pressure field to solve the momentum equations for intermediate velocity 
components U, V and W – these are then used to estimate the required pressure field 
correction from the modified continuity equation;

• the energy equation, and any other scalar equations (e.g. for concentration), are then 
solved and the process iterates until convergence is attained;

• to avoid numerical divergence, under relaxation is applied to the pressure corrections.

 Variants of the SIMPLE method have been developed in order to reduce the computational 
burden and assist convergence:
• SIMPLE-R(evised) - the pressure field is obtained directly (i.e. without the need for 

correction) from a pressure equation derived from the continuity equation;
• SIMPLE-C(onsistent) - the simplifications applied to the momentum/continuity 

equations to obtain the pressure field correction are less onerous;



Computational Fluid Dynamics – results



Computational Fluid Dynamics – building/plant conflation

 The conflation of CFD and building/plant 
simulation gives relevant indicators:
• variation in vertical air temperature 

between floor and head height;
• absolute temperature of the floor;
• radiant temperature asymmetry;
• unsatisfactory ventilation rate;
• unsatisfactory CO2 level;
• local draught assessed on the basis of 

the turbulence intensity distribution;
• additional air speed required to off-set 

an elevated temperature;
• comfort check based on effective 

temperature;
• mean age of air.



Linking the building, plant and flow domains



Linking the building, plant and flow domains – turbulence

 Boussinesq approximation
 turbulence transport technique
 k- turbulence model
 simple-c solver

Gr – how buoyant
Re – how forced
Gr/Re2 << 1 forced convection effects overwhelm free convection
Gr/Re2 >> 1 free convection effects dominate
Gr = Re2 both forced and free convection effects significant

t – eddy viscosity
 – molecular viscosity
t/ < 30 flow is weakly 
turbulent



Linking the building, plant and flow domains – hand-shaking



Linking the building, plant & flow domains – surface heat transfer



Linking the building, plant and flow domains – solver co-ordination
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