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ABSTRACT: As teacher of Applied Physics at af 3cbloibécture, | have worked by ydawda explaiRhysics to
Architects”. My experience shows that it issnbwemiplain Physics following a scheme mésrinBrocesses —
Results that fulfil some conditions and avomheshefPositive conditions are: Completendgsar@abisposal of
Values, negative conditions are: Saturatiorysicdl“Bibs”.

Astopicsto deal with, | explain ‘classical’ ones {efsintdional and environmental). | alwayfomaishitects, in
graphical representation

Practicadpplicationof the system is done with the following procedure

- Relation among, on one hand, physical cod¢ept@aather hand, architectural concepts.

- Establishing what precise physical concegtégeniith precise architectural concepts.

- Preparation of detailed classroom matertapaf#éadar topic.

| will show the application of the whole prticaduatassical” topic (thermal comfort).

As “Sustainable Architectural Design and Urbag”Rlemconcerned, | think that ideab@btauexplain are
fully applicable. | shall particularize th@pissahtarchitecture following the internefiteates on “Building physics”
and “Architectural physics” (references on hyslzai gre recently appearing in scienttficdjte®a, | propose to add
topicsabout: energy, solar radiation or urban clmiatuilagit is very important to work abduiittyhef &valuating, in a
rather simultaneous manner, different scaleal Piaggiitudes with energy units —withgeapbidal representation
are undoubtedly well fit. 1 will sh@ppheationto exergy: A magnitude with energy units tiatbaldt energy and
mass transformations.

Keywords: Education for architects, PhysitstéotaarExergy

1. Introduction Results 1 (first idea) Verbal description
Principles of Physics To choose one of more
For explaining Physics at the School of Arhitectur principles, including
years of experience show that a sequence Psnciples physical variables used.
Processes — Results seems to be adequate [1] . Results 2 (hoped) What do we wadnt to
Every transmission act (lecture, topic, matter, |...) evaluate. To think about
should fulfil some conditions and avoid others. comparison criteria. | To
think what is out of pur
+ - presentation.
Completeness Saturation Processes (calculati¢first)  Formulations | (if
Clarity “Physical lies” formulae) possible  with lingar
Disposal of values combinations and use of
graphics)
Table 1. Conditions to be fulfilled and avogpezt by (second)
transmission systems. ()
Consequences Solution  of  pogsible
routines of interest.
After, we have to organize our presentationt ordge Comparisons Comparison with what is
increment the knowledge and the abilitiesafemis.st hoped.
A special care has to be taken in stimulating goBesults 3 (obtained) Preparation of
attitudes. presentation.
Taking it into account, we have to fill a tibke. Wi Evaluation of the degrge of
threefold interrogation about results, we detail jou fitting the objectives.

purposes choosing the level of our explanations and
previewing possible evaluation of our own work. Table 2. Table to be filled for a transmission act.



The key paper developed by results makes gnterestin | also show some possibilities of relationniese or
to analyze carefully the results. For it, vabohinthe fortunate in transmitting physical knowledbédctsrc
possible results in a six-way manner: For example, first graphic in figure 2 illubgatase,

I Big results not strange, of providing to the students @hictiazl

M Reference values knowledge not very much related with architecture .

Il. « More- than -particular results »

V. Utilitarian results a)

physics to architects.

V. Lateral results. [
VI. It seems no possible ... >
Table 3. Types of results we can obtain whamgxpla

o

Explaining Physics to architects could be ifmprove
using graphic representations. So, we ideniifgl Phy
concepts with rectangles and architectural awitcepts
ellipses. b

n
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Fig. 1. Physical topics (rectangles) and arahitguos

(ellipses). ) ) )
Fig.3. a) Each architectural concept is treaiad for

The key idea is that never one architectural conc@fysical concept. b) A great physical concept has
can be coped with a single physical conceptetand viderivations that treat specifically architecitepts.
versa). Also, we have the possibility of hgviog ‘bi
‘small’ concepts.
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All possible incidences on preparing wholearourses
particular topics can be represented in thatvgagphi
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Fig.2. Different kind of relations among physical |a
architectural concepts. Fig.4. Process for defining a course




2. Topics
Energy :
It is the moment of relating the knowledgecs Physi Suﬁitg;?ab
with the need in Architecture. We shall doirtngxpla
known topics, ‘new’ ones and a general reffection o
topics.
2.1 Well known topics Climate
| have proposed the use of the usual topics for
architects. Then, mechanics, thermodynamics, heat
transfer, waves, ... help to explain topics about the
resistant, functional and environmental aspects in Non physical
Architecture. No direct relation is recogrtizéuk wit knowledge
aesthetic aspect

Fig.6. Relations with new physical and non toipysscal

: and new architectural (sustainable architqutsre) to
Mechanic N Resistant
L 1 g 2.3 Building, architectural, urban physics, ...
- | think that topics of Physics for architects have

possible variations in the viewpoint and isxséundid.
Some different nomenclature is used:
- Building physics:

<.A An engineering viewpoint, insisting on high titathema
Environmental topics (HAM: Heat, air and moisture;

Thermal

level (differential equations). As topics, @s studi

Heat transfer acoustic, lighting, ...) at a one building scale.

- Architectural physics:
An architectural viewpoint, insisting on designer's
decisions respect. As topics, it studies Resistant,
Functional and Environmental ones, at a ong buildin
scale.

- Urban physics:
Not yet defined. It is usual to include climatic
(microclimatic) topics, at an urban scale.

Waves

Fig.5. Relations with physical topics and arahitect

topics. The diversity of architectural and urban topics tha

. . nowadays, require some knowledge of Physics,demands
The arrows specify relations found between the g : .

. ; my opinion, a reflection. | think we sheatth tthé
physical concept and the architectural concept.

dached o betusen th it recangle fmgspo 0, PICPIS, o P (1gooue defton o
to “fluid mechanics”) and the functional atipsefat 9 y ' 9 . b

o L : e energy conservation or thermodynamics seconieh law, .
the possibility of explaining topics as Bequaitin. an operating base. Later, in courses madedratiotiab

with other specialities teachers, we will stedy mor

2.2 New generated topics ¢ SPeC
f%[r)ecmc applications.

Some new topics could be added to our work
improving it and/or addressing new topics as
sustainability. In that case, energy and ersegy rel
variables (like enthalpy, exergy, power, ...) see
specially adequate for working with the complgxl
phenomena involved in sustainability. Climat studi™
including solar radiation, microclimatic stypdigs of
cities ,... are also very important.

3. Graphical representation
ms

Well known graphics

Some graphics are, by now, widely used in
international works. Among them, psychrometiig char
widely used, not only for conditioning of indesbs

for bioclimatic buildings.
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Fig.7. Psychrometric abacus is a well knownfiand u

4. Application
As | have been doing in the rest of the papdr, | sh
present a “Well known” topic and a “New” topic.

4.1 Well known topic

An always interesting topic is thermal condog. On
hand, we can treat the conditions that a human bein
experiments as a result of the architect’s Alestigar
different viewpoint could be to ensure therradgl comf
and, coming from it, try to improve our environment

Entering in a detailed level, we can analysé therma
comfort using heat transfer through: skin,aridtla@s

seovement.

operative graphic

3.2 New generated graphics

My work has included the proposal of new gener
graphics. An example is the colour-like graxeigfor

Being exergy a magnitude, in units of energy,
talks us about good transformations of energy.

An original characteristic of our work [2]vie that
have related the different type of exergy & Beiogr
Temperature processes assigned to Red, Worgsprocg

[Ventilation
AIP

Heat transtp |
that .
Clothingw

at transfer

cIo

thermal
comtort

ated
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Skin heat
transfer
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assigned to Green and, finally, Materials proces
assigned to Blue.
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Fig.8. Colour triangles are a possibility feentapye
different insights on the variable exergy [2].
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3.3 More about graphics
| think that, for architectural studies, graph
language is a quite natural language (as, tstphysi

bSES

Fig. 9We represent the topic as a heat transfer balance
on a model of person.

This analysis would lead to establish a (possible)
difference among gains and losses to/ from ldyman bo
So, gains should be recognized as a ‘hot’ sanshtion
losses as a ‘cold’ sensation.

Then, a so-called ‘significant populatiorviesiater
with enquiries that ask them to ‘vote’ (PMVedPredic
Mean Vote) about their thermal sensation between -3
(very cold) to +3 (very hot). The zero vote rfirans a
neutral sensation. Different studies related PRLY to
(Percentage of People Dissatisfied).

PPD

100
100

Fig.10. PPD obtained from PMV.

iC%ompletlng the table:

mathematical language is). So, graphical rajmesenta

should always be recommended.



Results 1 Presenting the topic of thermal comfortResults 1 Magnitude to evaluate the quality of
(first idea) indoor buildings. (first idea) energy and mass transformations.

Are we ok thermally? Principles of First and Second Principle§ of
Principles of | Energy conservation (first principle afPhysics Thermodynamics.
Physics: Thermodynamics). Heat trgnsfer All kind of physical variables.

(sensible and latent). Diffusion. Results 2 Applications in Architecture and in
Results 2 Evaluating usual thermal situations (hoped) thermal comfort: Rough
(hoped) indoor buildings. Establishing How tp approximations. Comparison | with

compare with usual probabhilistic experimental results

values. Processes Exergy definitions.
Processes Heat transfer stationary mode| 1D] (calculation Mass, energy and exergy balance
(calculation conductive type. formulae) (... Red — Green — Blue)
formulae) Heat (sensible and latent) transfer Consequences Building thermal load exergy| (and in

stationary model through respiration. thermal comfort)

Water vapour diffusion statipnary Comparisons Comparison with experimental results?

model through the skin. Can we compare different heating
Consequences Application for different dets |of strategies?

variables (T, rT v, RH) and Results 3 Red —Green -Blue explanations

parameters (Metabolism, clothing) (obtained)
Comparisons With PMV and PPD Fanger values Mass transformations. Energy| and
Results 3 Presentation of PMV and PPD like mass transformations combined.
(obtained) comfort indoor space evaluatgrs in

stationary state and very near comfortTable 5. Table for exergy topic

conditions.

Reflection about no statignary 4.3 More about topics

possibilities. Then, each topic can be studied following the same

Table 4. Table for thermal comfort topic

4.2 New generated topic
If we think about new topics, energy relatetpones a Obviously, the final part is the exact and precise
perhaps, the more interesting due to the aypbtabil preparation of our (I mean, each teacher) oiahforater

energy conservation to all

Particularly, | shall treat the exergy condepbfRiept
related to good use of energy and materials when tliat we can connect with various architectsral topi
make transformations among them.

scheme:

- Decision on which physical concepts have to be
related with decided architectural concepts.

for preparation of one physics topic: i.ewnaelidgiown
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Fig.11We represent the topic as three possibilities:
Thermal, Mechanical and Chemical Exergy

Completing the table:

Fig.12.ldeal case for a unique rectangle.

5. Conclusion

Filling the table Results- Principles —é¥ocess

the fields of Physicgansmission to students. Figure 12 shows ttesaleal

This paper is written in a rather personal way. In
effect, | have discussed some ideas and given my

answers.

The presentation has been made following a scheme
about how and what to present. Presentations for
architects must have an impogtaphics contents.

Finally, | have presentedapplication

It has been

done twice: first, for a known problem: therfodl com
and, second, for a ‘new’ concept: exergy.



As the manner of presenting physical knowledge to
studentshpw), | have followed the ideas developed in my
doctoral thesis; the known example about threfontal co
comes from the same source (reported in [1]).

As the topics to be explaiwbd), | have presented
what is my opinion: | think it is compulsoryda soun
physical basis for treating any problem related wit
architectural design and urban planning feitisceto
be sustainable.

Among different possible ‘new’ concepts, | have
chosen exergy [2] for its generality and because it
addresses one of the key problems of sustainability
Evaluation of the goodness of energy and mass
transformations.
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