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Thermal Design for Architects: g Ty Wy TH 12:00 = 1:00 P

101 Armory
Instructor: William Borner )
office: 308 Architecture or Building Research Council (Small Homes

Council) or Carroll ~ Henneman liechanical and Electrical Con=
sulting Engineers, 104 East University, Urbana.

Vain Text: Notebook used for old iE 252 course (ilotes assembled by S-

Konzo) You will also be provided with a reading list for
supplementary material and to advlse you of the state of the
art in thermal systens.,

Teachings Objectives: 1: To give the architect enough of a background in

the engineering science of mechanleal systems (
nuts and bolts) so as to facilitate casy ard
meaningful communication between members of the
design team and the engineering team.

2: To introduce the architect to tho "Alr Condi-
tioning Revelution” and hence to show the "de-
sign implications in the btuilding shell [ me-
chanical or power systems / and man interface.

Rules for the Course:

1;

21
3:

by

You will be given a weekly syllabus of the activities plamned during
that week with the corresponding responsibilities in reading, etc.

Every londay, Tuesdey and ednesday will be scheduled lecture days.

Every Thursday at the begimning of class there will be a2 20 minute
guiz over material covered in class and in reading., You will be al=-
lowed to miss one quiz unexcused or I will throw out the lowest quiz
grade, but not both, Following each quiz we will have a weekly slide
presentation and discussion on thermel design in architecture. You
will also be responsible for this material on examinations.

Soveral additional handouts are plamned for distribution which will
supplement the reading list and the main text. You will also be ree-
sponsible for this material on the exanminations,
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FINAL EXALIKATION: ARCHITECTURE 281 ~ IHERLAL SYSTE.S.

101 ARLORY BUILDIKG

Londay January 24 3 7:00 - 10:00 P.ii '

30 Points = 3 hours. s
| ‘J______L_l m N
ALt the time of the final examination you will be given two building SEcTion a-A N 1 ‘){71
type plans which are well worked out such as a theater and a grocery s
store or an office building, ete. _
At that time you will be asked to give two solutions to each building
type given. The reason for this is that there are usually two or more I o~ o vy
HVAC solutions which are equally good, therefore the architect should une | P O& Rk
derstand that the engineer also has great variety and alternatives both otJoldo loss o
in his approach and final solutions to HVAC problens. o e Bl s S [ =] (<
A A
Therefore there are 4 parts to the exam. weighted as follows for each part: 1. I'r“ﬁ: E — T
(BiE solution for each building rust be an air system.) a 0 - o
(1): Deseribe the HVAC system you have chosen for the particular building ﬁ @ ol
glven. Discuss why that system makes sense for this building. Y —————I
CONE i ACCOUNTING RECORD
(2)s Calculate Heat gain and heat doss for each bldg., 4all "U* values, - ; —
EID's, latitudes, types of glass, etc., will be furnished, FurLoreRs e
{DRIVE-INT Tiant
(3): Give preliminary sizes of ducts (sensible load only to size these), rincowy  oerosT
Q = 1,08 x efm x 20 (cooling usually overrides since more cfm !
used) But check heating also. Q = 1.08 x efm x 50, Sizes will be !
for each zone so designated. You must decide and defend why one is N\
a zone and why another one isn't a zone.
(4): Give size of duct near cooling coil for each fan room installation,
laxirum velocity of air past the cooling coil = 500 fpm.
(5): Size the outdoor-air opening for each fan room installation, Use a
code minimum oi;‘g‘.z_’i with maxirmum veloeity of_1000 fpms Use outdoor
grille of 50 opaqué const. therefore have to double answer to obtain
_ required net free area. :
(6): Deseribe the power plan}: system you have chosen and why it makes sense.
(7): Locate major equipment you have chosen on the plan. ¥
(8): Give section through wall, footings, and ceiling - roof assembly,

iain emphasis on structural/mechanical integration. Use rules of
thumb for structures., Label and diswuess points to be made on this
soction. ? B
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“HO HEAT BEHAVES IN THE BUILDING SHELL SISTEN"

The Dollar Value of Thermal Inprovenent s

Whsn you design any heated or aly conditioned bullding for humen ocaupancy,
you previde weather protestion ard the dasired indoor elimate in two ways: by
your design of Lhe building shgié;gnd by the cspagiiy of the machs sysbems,

Fa PUASDL M08 LY KL T IO E . ST o W B0 0, M

Building Shell Vemsus Building Rquipment: Until you "freeze” your design
W TR P i i 2~ ) :l.;,&;uv?mmmm‘xxﬁm (==

coneept, these two possinke paths to comfort are opoen Lo your fxas chodcs.
1: You can dosign the shell, the walls, glass areas, and rool eziiing conste
saetions, with minimn resistance 1o sun host ond winter codd, and then

provida a g?*i?'.:.}?’-’??&f:}i?i’l ;:}“:mfﬁg;{?}& by using a heating cr alr corndiitioning
piant of ralatovely lawrge capacniys

s D R A ST T S T g e e

2: Or you can design the shell to be a better barrier to nature's worst ke~
havior and assure your client of cqual (o greater) comfurt with a mech-

anteal plent of less capecitys You may a2iso want to put into the balance your

knowledze that the seccrd path will lead to lower annwal cperating costs.

When you have helanced the costs of #¥if foldouing ons path or the other and
have found the ons that involves ths least cost to your eilent, you have pio-
duced the best “hormal desien within the limits imposed by youwr projsel and
the osif thoruatl design decicions menticnad earliere :

ihat is the "toast esss" Lo “he owner varles somewhat with the natuze of the
projeste. If the balldlug is a speculative vernture, to be sold by your client
as quickly as possible, he may consider the *least cost” te be the initial

eonshruction cost onlye If your ollzut i¢ a pubiie body, ,_cuch as a SC;gm_s

LD BT A VI L T AT T ST S BaT AT A A e T - AT S 3 BT e T A T YT LML . = M .-m-_—.

QY h;}_g'.:i.ta,l,g ox shuxcn bosyrd., thab il ovn and operate tho bulldiuzy for many
L . /£ sl .#'-"-H ﬂ.a‘r’r‘-ln-..r...!‘l\-‘!mﬂ%—mm - . = mm-&_ﬂ’-\'ﬂm" ~r Ay I T2 AT
waacs, the Tleest cost® Is not only ire initial oost but algo tng annual. cost

of maiutenance, operablons repaii, and yinencing, alk lumped together as to-
bal owpsyshlp oosts l o |

e, e




HCOJ HEAT BEHAVES IN A BUILDING:

SIX DESIGH DECISIOKS:

In this course we will find that good thermal design:

ts Results in greater comfort;

2: Remults in lower owmership costs;

3: Rosults in preventing damaging condensation of molsture;

4. Results in the building costing less to build, equip, ewn and meiuntedn;
5: And, in short, then this can result in your having the cake and being

able to eat it too = if one applies these principles of geod thermal de-
s‘igne

Six design decisions that govern building performance:
Six decisions you will maks at the start of almost any building design pro=-

ject detormine how the structure will perform - in terms of comfort, suite
ability, and ownership costs ~ throughout its useful life, They are:

The "indoor climate” and quality of comfort your building must provide,

The exposure of the buillding to sun and wind®; its bulk, height, orien=-
tation, and site conditions,

: The massiveness or "heat capacity” of the construction you select, and ithe
color of the wall and roof surfaces,

The type of construction and its resistance to heat loss or gain.

The amount of glass and the types of glass you will use, and the shading

of openingse.

And, How you design the bullding shell to prevent damaging condensation
within the structure.

a0 de

o



DESIGN PRINCIPALS

TURKEYFOOT MIDDLE WAS DIFFERENT FROM CAYWOOD ELEMENTARY IN THAT
EVERY DESIGN DECISION WAS DRIVEN BY SAVING ENERGY

POLICY

SCHOOL BOARD
EMBRACE AND FOSTER A LIFE CYCLE AND SUSTAINABLE CULTURE

BE WILLING TO COMMIT TAX DOLLARS IN CAPITAL CONSTRUCTION PROJECTS BEYOND LOWEST
FIRST COST TO REDUCE BUILDING MAINENANCE EXPENSES AND COST OF OPERATION

ESTABLISH ENERGY GOALS AND INSTITUTE ONGOING ENERGY MANAGEMENT
RE-THINK CURRENT PROCEDURES AND ACTIVITIES IN WAYS THAT WOULD USE LESS ENERGY
ENGAGE STUDENTS IN THE PROCESS

IMPLEMENTATION

ARCHITECT

PLANNING AND SITE DESIGN THAT MAXIMIZES NATURAL DAYLIGHTING OF THE MAJORITY OF A
BUILDINGS OCCUPIED AND PROGRAMMED SPACES

DESIGN A COMPACT BUILDING FOOTPRINT AND BUILDING VOLUMN

INCLUDE MATERIALS AND DEVELOP DETAILS THAT ENSURE A INSULATED SEALED BUILDING
ENVELOPE

INCLUDE MATERIALS AND FINISHES BASED ON COST EFFECTIVE LIFE CYCLE / RENEWABLE USE

ENGINEER

DESIGN HVAC SYSTEMS THAT REQUIRE THE LEAST AMOUNT OF ENERGY TO PRODUCE A HEALTHY
CONDITIONED ENVIRONMENT

INCLUDE ENERGY MANAGEMENT CONTROLS TO ALLOW EFFICIENT OPERATION

UTILIZE RENEWABLE STRATEGIES IN PLUMBING, HVAC, FIRE-SUPRESSION, AND ELECTRICAL
SYSTEMS

BUILDING OCCUPANTS
VIGILENT DAY TO DAY ENERGY PRACTICES
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"Education is for improving the lives of others and for leaving

your community and world better than you found it."
Marian Wright Edelman

Architects can be considered both agent and maker.

As agent they become involved in the problems of others, and attempt to
formulate those problems in terms of architectural action. DESIGN

As maker they are responsible for specifying the act and supervising its
execution. CONSTRUCTION

The balance between agent and maker can be difficult to maintain.
Architects are told to conform and to innovate at the same time.

Architects cannot be strong advocates if they are practicing risk avoidance.

School administers focused solely on education can suffer from narrow vision
when it comes to construction.

The belief that High Performance Design adds to the construction cost is a myth.

It is what | learned in ME 252.
When buildings are constructed with good thermal design they will

COST LESS TO BUILD, EQUIP, OWN, AND MAINTAIN.




“We cannot always build the future for our youth, but we

can build the youth for our future”
Franklin D. Roosevelt




