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Thursday 5 May 2005 9t010.30

Module 4D11

BUILDING PHYSICS

Answer three questions, one from each of Sections A, B and C.
All questions carry the same number of marks.

The approximate percentage of marks allocated to each part of a question is
indicated in the right margin.

Attachments: “Building Physics: Environmental Data”
CIBSE Psychrometric Chart

You may not start to read the questions
printed on the subsequent pages of this

question paper until instructed that you may
do so by the Invigilator.
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SECTION A

1 Fig. 1 shows a vertical section through a building with a central atrium.
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(a) If 4, and A, are openings of equal area A and the coefficients of discharge
are equal, show that the rate O of air flow through the atrium is given by:

12
0=C,d (gh %5)

where the terms have their usual meaning, and AT =7, — T,

(b) The atrium is cooled by an evaporative cooler at E which sprays water into
the airstream thereby increasing to 60% the saturation of the air going into the building.
Use the Psychrometric Chart to calculate the dry bulb temperature 7, which results

from this process.

If 4, and 4, are 10m®, the coefficients of discharge are both unity, and # is
30 m, at what rate, in kg/s, must water be sprayed into the airstream to maintain 7, at

the calculated temperature?

[40%]

[60%]
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(a) Fig. 2 shows a section through an element of wall construction. Using
information from the list below, calculate the U value of the wall element.

(b) The wall system is used to construct a building in the form of a 4 m cube.
The building is electrically heated. What is the maximum percentage of wall that can be
replaced by glazing if the annual energy budget of £300 for heating is not to be
exceeded? The total heat loss through the roof and floor totals 20 W/K. Casual gains
and ventilation losses may be ignored.

(c) Outline briefly the principles and methods you would use to assess whether
condensation is likely to occur within such a wall at certain times of the year.

Conductivity of masonry 0.8 W/mK
Resistance of insulation layer 1.4 m*K/W
Internal surface resistance 0.04 m’K/W
External surface resistance 0.1 m’K/W
U value of glazing 22 Wm’K
‘Degree-days’ per year 1940

Price of electricity 0.08 £/kWh

(TURN OVER
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SECTION B

3 (a) Discuss the advantages of natural light in offices. Discuss the
implications of obstructions to the natural light through a window, and simple
methods of evaluating their impact.

(b) Fig. 3 (on the next page) shows a plan of a room with a single
window, and a vertical section of the room and an adjacent building. The
reflectance of the building opposite is 20%, and the average reflectance of the
internal surfaces of the room is 50%. Calculate the daylight factor on the
working plane at the two points A and B indicated on the figure.

(c) In order to increase the daylight in the back of the room, it is
suggested that a ‘light shelf” be provided on the external fagade. Explain why this
might improve the situation, and discuss how to evaluate the efficacy of such a
shelf.

(cont.

[25%]
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[25%]
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6

4  An open-plan office space 10 m by 12 m in plan has a floor to ceiling height
of 2.95 m and a typical desk height of 0.85 m. The room is to be lit artificially
using ceiling-mounted twin-tubular fluorescent luminaires, each giving 4400 1m
output. The utilisation factor U for these luminaires depends on the ‘room
index’ K = LW/H(L+W), where L and W are the room length and width and H
is the height of the luminaires above the working plane, according to the
following Table:

K 075 10 125 15 20 25 30 4.0 5.0
U 043 049 055 06 066 071 075 08 0.83

(a) Applying a further factor of 0.80 to the light output to allow for poor
maintenance, determine how many luminaires are needed to achieve the
illuminance level recommended for general office use. Propose a suitable layout
for the luminaires, which are 1500 mm long.

(b) During the day, the same office is daylit evenly from windows on two
opposite long sides only, giving an average daylight factor of 4%. For what
fraction of standard office hours during March will there be sufficient diffuse
natural light? Discuss briefly what switching options for the luminaires should be
considered, to exploit daylight and minimise electrical energy consumption for
lighting. What is the maximum amount of energy that could be saved during
March?

(c) Discuss briefly how the design of museums and art galleries has been
affected by changing perceptions of the desirable levels of illumination for
exhibits.

[30%]

[40%)]

[30%)]



SECTION C

5 (a) Explain why speech intelligibility may be poor in lecture theatres with a
long reverberation time. Discuss briefly how to measure reverberation time in a room,
the ideal reverberation time in a lecture theatre, and any other acoustic characteristics
you would measure or consider if asked to improve speech intelligibility in a lecture
theatre.

(b) A rectangular lecture theatre has a volume of 700 m’ and plan dimensions
14 m by 8 m, with the speaker and displays near one short side. The reverberation
time at 63 Hz is 2.2 s and at 500 Hz is 2.1 s. The only absorption present in the
room is on the ceiling. Speech intelligibility is poor.

Additional absorption is available in the form of panel absorbers with absorption
coefficients 0.5 at 63 Hz and 0.25 at 500 Hz and/or porous absorbers with
absorption coefficients 0.1 at 63 Hz and 1.0 at 500 Hz.

Propose a solution to the problem of poor speech intelligibility, calculating the
area(s) of the absorbers required. Would the calculation be significantly affected if
Eyring’s modification were introduced? Where in the room would you install the
absorbers?

(TURN OVER
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6 (a) Discuss briefly the ways in which total sound pressure level varies with
distance from a single source or multiple sources of incoherent sound (i) in the open air
and (ii) inside a large room.

(b) An industrial facility has a compact continuously-operating condensing unit
mounted on soft ground well away from reflecting surfaces. Measurements of the noise
level generated by the condensing unit show that its attenuation with distance follows
the inverse square law and that the noise level 10 m from the unit is 75 dBA. A second
identical condensing unit is to be installed immediately next to the first and will also
operate continuously.

A new bungalow is to be built near the industrial facility. Planning authorities
require that the background noise level outside the bedroom window, which is to be
80 m from the condensing units, be no greater than 45 dBA between 23.00 and 07.00,
when the only significant noise sources will be the condensing units.

Assuming that the centre of the window and the effective noise sources are both
1.2 m above ground level and using information from the table below, calculate the
height, width and distance from the condensing units of a barrier which will achieve the
required noise condition. What form of barrier would you propose?

Path difference (m) Attenuation due to barrier (dBA)
0 5
0.2 10
0.4 12
0.6 14
0.8 15
1.0 16 (max achievable)

END OF PAPER
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Building Physics Environmental Data

1. Lidhti

(@) Definitions ' wmits
luminous flux - rate of flow of light energy - lumens (1m)
illuminance - density of light flux reaching a surface - lumens/m? or lux (1

luminous intensity - 1li flux per unit solid
le fram a po source, i.e. power to
emit in a particular direction -

candela (cd)
(lcd=4 71T Im)
b) EIiE. l]]lg!

Recammended illuminances, on horizontal working plane, vary from 150 lux

for storage areas, through 500 lux for general offices, to 1500 lux for
precision bench work.

"Utilisation factor" is the proportion of light em.tted by the luminaires
which actually reaches the working plane.

Typical luminous efficacies (lumens/Watt) : tungsten filament (GLS) 12,
tubular fluorescent 60, low pressure sodium 180, daylight 115.

() Daylight

Sky as a diffuse source : skyluninanceBefrmélevatimeabove
horizon, where Bz is luminance at the zenith:

By = B,(1+2sin6)/3 "CIE sky”

Example of monthly daylight availability curves: cumilative diffuse
horizontal illuminance for Bracknell;

g

Standard day 09 00-17 30h
BST Apr-0Oct inc

o=e—e Jan - Jun

0
o

®e—e Jul - Dec

Percentage of month for which a given diffuse ilununance 1s exceeded, 100 7y

Ditfuse uminance, £4 ( kix)

ctmd/arch.eng.env.data
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ERE Sky Camponent protractor : s:i.ngle: clear vertical glazing, CIE overcast -

sky, illuminance on a horizontal surface indoors. Externally reflected

campanent is SC with a further correction factor of 0.2.
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Typical nomogram for internally-reflected component:
(ground reflectance 0.1 in this case)
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2. ngrmal matters

(a) Témggratures
f;ir temperature in shade (% dry bulb temperature).
éet bulb temperature (taken with.dry bulb, indicates humidity).
‘Mean radiant temperature»(theoreticai: mean of temperatures of surfaces
radiating to point in question weighted according to solid angle subtended

and surface emissivity).

Globe temperature (measured inside a small black sphere - related to mean
radiant temperature and air temperature).

Corrected effective temperature (CET) - depends on globe and wet bulb
temperatures, and air velocity - see nomogram.
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Neutral temperature (CET at which most people comfortable)

T, =11.9 + 0.534 T, ¢+ 2.5°C (Humphreys)

for a sedentary occupation, where T, is mean monthly temperature.

(b) Thermal comfort

Metabolic rate M ranges from 70 watts when sleeping through 150 watts when
typing, 300 watts for fast walking to 650 watts for hard sustained work.
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Heat loss H depends on radiation, convection and evaporation (and on
clothing level: 0.1 clo for shorts only, 1.0 clo for a business suit, 2.5 clo
with heavy overcoat).

Fanger's equations: heat loss (watts)

H=R +C + (Ed-iff"'gsu"'gms) +Cm

"Predicted mean vote" on scale -3 to +3 , cold to hot:
PMV = 0.303 (0.28 + exp(-0.036M)) (M-H)
"predicted percentage dissatisfied" '

PPD = 100 - 95 exp { - (0.34 PMV® + 0.22 PMV?)}

(c) Heat loss calculations for buildings_

By conduction Q. = (IZUA) AT watts, where A is area of wall, roof, windows
etc., and AT is air temperature difference between inside and outside. The
"g-value" for a wall in W/m’K is given for layered construction by

1/U = R, + Ext + R, + R,

where R, and R, are thermal resistances at internal and external surfaces
(depending on convective heat transfer) and R, is for cavity, and r and t are
reciprocal of conductivity, and thickness of the various materials.

By ventilation, Q, depends on room volume, number of air changes per unit
time, and the appropriate coefficient for air (C, = pc, = 1200 J/m3K at 20°C).

Total loss Q = Q_ + Q, , giving a 'Specific Heat Loss' in watts per
degree of temperature difference.

'Degree days' presented in statistics for each month for a locality, are
the integral over time of the shortfall of the outdoor air temperature below a
chosen internal design temperature, often 18°C.

(d) Thermal solar gains, and utilisation

Published monthly data on irradiation on horizontal surfaces (diffuse plus
sunlight) in W/m“ not lumens. Convert to irradiation on vertical surfaces -
dependent on orientation relative to South. Then allow for absorption or
transmission coefficient of surface material (often by a 'Solar Gain Factor').
Typical gains 700 Ww/m® for South-facing window.

Then on average, energy required for heating building

Hr_eq=Q—(G+S)xUF

where G is casual gains (machines, people etc.), S is solar gain, and UF is a
'Utilisation Factor' dependent on thermal inertia of the building etc.



Architectural Engineering

3. Ventilaﬁon

TR

(a) Reducing the wind sensitivity of buildings (from Building Research Establish-
ment, Digest 350)

CHOOSE FORM AND ARRANGEMENT OF BUILDINGS TO AVOID DOWNORAUGHTS | ) ‘
hwp SHELTER EXTERNAL SPACES, FOR EXAMPLE 1 ]

AVOID LARGE FLANK WALLS
FACING DOMINANT WIND

AVOID FLAT- ROSFED BUILDINGS AYOIP BUILDNGS PIERCED
AND LARGE CUBICAL FORMS AT GROWWD LEVEL USE PODILM TO LIkIT

NOOS, PPED O PYRAMID-
gmf gﬂ’ 0’:" PITCHED AVOID [ONG, PARALLEL ROWS
RATHER THAN FLAT ROOFS OF SMOOTN-FACED BUILDINGS

L

P — DPref
C, = —=i ; U, =U ien
b ; PUzgf ef ambient

= U(z = 10m.) typically

(b).Orifice flow 1

Ap= K[=1)=pU?

p= K{ })ZPU
2Ap
p

Q (volume flow rate) = Cp x U x Area
Cp = discharge coefficient due to streamline contraction.

U=



(c) Momentum jets

Raoz
M.\
Ua (-—;3-) z~! ; M, = source momentum fluz = p Q, U,

(d) Buoyancy effects
Stack effect; U = (/g=2H for two equal area vents
Exd#ge flows Q (one fluid) = (03%5,1:’:1::2:1“ l) \/gT—fc_l (Area)
Gravity currents U = (~ 1.0) \/;%ﬂ_h _

Buoyant plumes

g(-—A‘”) = 8.66 F§ 3%
p

_ o Ap, Qg
FG"'QOQ p - pTC’

Consistent with assumptions in derivation we have p =~ p, and use p, and T,
as reference conditions whenever necessary.

(e) Physical modelling

% F t
p———— f1 (_I.: ,L%g'% ’ L%g"’% ,Reynolds , Peclet)

¥ 5 3 ’ ) l
SN PR = Reynolds, Pec et)



4, Acoustics

(a) Fundamentals and definitions

Velocity of sound. in air at 20°C : c = 344 n/s
when air density p = 1.2 kg/m”~ .

Consider root mean square pressure fluctuation p Pa and standard reference
level p, = 2.0 x 107> Pa at 1000Hz. Sound pressure level (SPL) defined as
20 logm (p/pb) decibels. Sound intensity (rate of energy transmission across
given surface):

pz

,F R = = . = 2 = -12
I oc IL SPL = 10 log (I/Z,)) : I, Y 10

Sound energy density (energy per unit volume) :

2
D= -Efi : SPL = 10 log (D/D,) : D, = —2
pcC

Source power W watts : SWL = 10 log (w/1071%) .

Human ear : curves of equal perceived loudness (men) on left below
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so adjusted curves (e.g. dBA from 40 phon line) to allow for ear
characteristics varying with frequency.

Addition and comparison of incoherent sound: add mean square pressures to find
overall mean square and hence SPL (or L using average over time for varying
sound levels).

(b) Acoustics of room-like enclosures (volume V , total surface S)

From uniform omnidirectional source W, at radius r :
direct SPL = SWL - 10 log 4n - 20 log r

(from practical sources, intensity varies with direction). Reverberant sound
due to reflections from walls: energy density D tends to 4W/Ac where A is the
total absorption of the enclosure surface i.e. total of terms area times
absorption coefficient ¢ , or A = S& where & is the mean absorptlon
coefficient. Intensity in enclosure is Dc/4.
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So
reverberant SPL = SWL + 10 log 4 - 10 log A. .

"Room radius" is the distance from the source at which direct and reverberant
sound levels are equal. :

On switching off source, energy density D decays exponentially, with time
constant 4V/Ac related to the "reverberation time" T (Sabine's Law).

Eyring's modification: use A = - S 1ln (1-G).
Preferred values for T: speech 1.0 secs, orchestral music 1.8 to 2.2 secs.

In long or flat enclosures, need 'sound propagation' curve against distance in
given direction from point source (SP = SPL - SWL). Simple geometrical
acoustics for a point source considers reflections from ceiling and floor
(coefficients p, and p,), and effective images at distances r; from receiver to
obtain total steady-state energy density at receiver

[ ._1_+;)
W |1 v~ , " .a{2 Py P2
D, 2 e——— | —— P,P +

tot nle ( 1 2) lrz J.’-fn 1

4nc | r2

(c) Noise control

Barriers and screens: if uninterrupted wave travels distance 4 and
diffracted wave a+b, wavelength A, "insertion loss" on introducing an
infinitely long barrier is 10 log (3+20N) dB where N = 2(a+b-d)/A .

Partitions: 'transmission coefficient' t = transmitted/incident intensity, and
'sound reduction index' R = 10 log (1/t). For source and receiver rooms
separated ‘by area S of partitionm,

difference in SPL's = R - 10 log (S/A) dB

where A is absorption in receiving room. For compound partitions,  use
transmission coefficient t weighted by areas.

Mass law: plane wave incident at 8 to normal of single leaf wall

R=1olog[1 + ("_"fip%’_s_@_ 2]

where £ is sound frequency and M is wall mass per unit area. For high
frequencies and a diffuse sound field R = 20 log (Mf)-47 dB.

Problems with Mass Law: resonance effect at frequencies proportional to JB/M
and dependent on panel span, where B is bending stiffness per unit width;
"coincidence effect", when speed of bending waves in panel equals speed of
sound in air, at frequency proportional to YM/B and independent of panel span.
See curves of R for different materials, on right above.

Double wall mass-air-mass resonance: frequency fj

Fo= 1 YP, (M, +M,)
4° 2n d = MM,

where v is 1.4 for air, P, is atmospheric pressure, d is cavity width, and M
is wall mass per unit area.

CTM October 1998
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4D11 2005 Answers
1. (b) 24.3°C 0.109 kg/s

2. (a) 0.569 W/m’K
(b) 23.1%

3. (b) approx 4.2% and 1.1 %

4.(a) 24
(b) 70% 830 MJ or 230 kWh

5. (b) about 115 m® of panel, 30 m? of porous, absorbers

6. (b) possibly 10 m from source, 8 m long, 5 m high






	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

