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Exam Exam 80.0 3.00
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Aims

This module aims to provide students with the fundamental mathematical and
scientific knowledge and analytical techniques to support the mathematical and
analytical functions required in other modules of the programme. This module is
further intended to enable students studying the mechanical pathway of the Building
Services programme to apply the mathematical and analytical techniques associated
with the principles of fluid flow, heat transfer and thermodynamic cycles to real

Page 1 of 5



situations.

Learning Outcomes

After completing the module the student should be able to:

1 Construct differential equations for the purpose of solving building services
engineering problems.

2 Demonstrate a knowledge of the properties of trigonometrical functions and relate
these to the characteristics of wave forms.

3 Analyse and solve problems using statistics and probability.

4 Analyse modes of heat and vapour transfer and apply the principles to building
services engineering.

5 Investigate the performance of heat exchangers commonly found with building
services plant and installations.

6 Investigate thermodynamic cycles and how these relate to refrigeration plant and
components.

7 Apply the pronciples of dimensional analysis to fundamental and empirical formulae.

Learning Outcomes of Assessments
The assessment item list is assessed via the learning outcomes listed:

Exam 1 2 3 4 7

Lab based reports 5 6

Outline Syllabus

Differential Equations: General and particular solutions. Boundary condition.
Differential equation models in building services engineering.

Trigonometrical Functions: Properties of waves: Amplitude, wavelength, frequency,
phase difference, etc

Graphs: Sin 6, cos 6, sin 26, sin 8/2 etc.

Trigonometrical identities: sin 6/cos © = tan 6, sin2 6 + cos2 6 = 1, compound angle
Sformula, etc

Addition of wave-forms: a sin® + b cos® =R sin (6 = a)

Statistics and Probability: Mutually exclusive and independent events. Binomial,
Poisson and normal distributions.

Matrices: Multiplication, transposition and inversion, applications.

Convection: use of bulk, arithmetic mean temperature difference (AMTD) and log
mean temperature difference (LMTD) in free and forced convection processes.
Grashoff, Nusselt, Reynolds, Prandtl dimensionless groups. Heat transfer
coefficients and heat flux.

Radiation: Reflectivity, transmissivity, absorptivity, emissivity for different surfaces.
Wave characteristics and parameters associated with electromagnetic radiation.
Variation of black body emissive power. Use of form factors to determine radiant
heat exchange. Applications of radiant heat transfer in building services. Plane
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radiant temperature, vector radiant temperature, discomfort due to asymmetric
radiation. Causes of discomfort asymmetry.

Vapour transfer: principles of vapour transfer. Moisture transfer through composite
structures. Problems associated with condensation and its prevention. Vapour mass
transfer within building services applications.

Heat exchangers: Identification of modes of heat transfer within building services
equipment and applications. heat exchanger construction, characteristics, fluid flow
paths, pressure drop, design, types and classification. (e.g. Shell and Tube, Shell
and

Coil, Tube in Tube and Plate etc). Thermal transmittance through the heat
exchanger boundary wall, solid boundary and boundary layers.

Resistances and factors, effectiveness and loss of performance. Rate of heat
exchange in parallel flow and counterflow. Performance using Effectiveness,
Capacity Ratio, Number of Transfer Units (NTU) and LMTD for parallel flow and
counterflow. Cross flow heat exchangers. Performance of heat exchangers for
evaporating and condensing fluids in single and two-phase fluid condition.
Thermodynamic cycles: Use of T-S and p-H diagrams to construct heating and
cooling refrigeration cycles. Thermodynamic processes in refrigeration cycles, heat
pumps and heat engines. Comparison between practical refrigeration/heat pump
cycle and the Carnot Cycle. Performance analysis of refrigeration/heat pumps in
cooling and heating modes. Mass flow rates, input power, capacity, efficiencies,
temperature and COP for theoretical and actual cycle arrangements.

Dimensional analysis: units and dimensions in commonly used terms and
parameters, Checking rational formulae. Identify dimensionless groups in rational
and empirical formulae eg Reynolds Number, Grashof Number, Nusselt Number and
Prandtl Number etc.

Application of dimensional analysis: Derivation of appropriate rational and empirical
building services formulae from known variables. Application of dimensional analysis
to solve appropriate problems related to building services applications.

Learning Activities

Lectures, tutorials, laboratory practical work.
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This module is a specialist module for students pursuing the mechanical building
services pathway. It aims to support and contextualise mathematical and analytical
techniques, and other specialist scientific knowledge, such as principles of fluid flow,
heat transfer and thermodynamic cycles to realistic applications.
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