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Steady-state approach Energy balance

control volume
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Thermal zoning Energy balance

Control volume

\ one-single thermal zone for

building code In residential buildings
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Steady-state approach Energy balance

control volume
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Steady-state approach Energy balance
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Energy balance

Exercicio 4.1.1 Considere um espaco fechado com seis faces das quais cinco sao superficies
adiabdticas e totalmente reflectoras (e.g. p(A) = 1). O ar exterior a temperatura 6, entra no
espaco e € aquecido por uma fonte de calor convectiva, g.. Assume-se qua a mistura do ar €

perfeita, pelo que o ar sai do espaco a temperatura 6;.
a) Desenhar a rede térmica equivalente, representando a condutiancia de transmissao por H,.
b) Avaliar a equivaléncia entre as fontes de calor aproximadas que representam a ventilagao

do espa¢o e uma condutancia de ventilacao H,.
¢) Exprimir a temperatura do ar interior como uma fun¢ao numérica dos restantes parame-

tros.
d) Calcular a diferenca de temperatura entre o ar interior e exterior, assumindo condicoes

de regime permanente e um caudal de ar de 200 m> /h, H, =33 W /K e Q. = 1 kW.
Propriedades termo-fisicas do ar: p = 1.2 kg/m> e ¢ = 1000 J / (kgK).
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Energy balance

Exercicio 4.1.2 Considere o mesmo espago do exercicio anterior, em que se conhece a composi-
cao da unica parede com area A que separa o volume do ar aquecido do exterior (em detrimento
de H;): um material homogéneo com condutividade A e espessura e. Uma fonte de calor radiativa
de elevado comprimento de onda g, actua na superficie interior da parede e uma fonte de calor
radiativa de baixo comprimento de onda (solar) g, actua na superficie exterior da parede.

a) Desenhar a rede térmica equivalente.

b) Exprimir a temperatura do ar interior em funcao dos restantes parametros, recorrendo
ao método em rede.

¢) Calcular a temperatura do ar interior para a situacio em que 6, = 5°C, A = 10 m?, L =
20cm, A =1 W /(mK), g. = 1000 W, g, = 250 W, g; = 1700 W e caudal de ar de v = 200 m3/h.
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Energy balance

Exercicio 4.1.3 O espaco representado na figura € caracterizado por superficies horizontais adia-
baticas; ventilacdo dos espacos (sentido sul — norte) de 8.82 [ /s; paredes da fachada sul e norte
constituidas por (do interior para o exterior): 10 ¢m isolamento térmico (A =0.05 W /(mK)), 25 cm
tijolo (resisténcia térmica 0.50 m*K /W)e2cmreboco (A = 1.1 W/(mK)), absortividade solar 0.4;
coeficiente de transmissao térmica (U) médio dos elementos divisorios (parede+porta) entre o es-
paco A e B é 1 W/(m?K) e coeficiente de transmissdo térmica (U) das janelas é 4.3 W /(m*K). A
radiacdo solar incidente no plano do vio envidracado é 400 W /m?* e a temperatura do ar exterior
2°C. A area de vidro representa 60% da area total do vao envidracado.

a) Calcular o coeficiente de transmissao térmica (U) da parede da fachada.

b) Calcular o fator solar (gg), para o angulo de incidéncia 6 representado na figura, de um
vao envidracado composto por duas laminas de vidro de 6 mm (A =1 W /(mK)), com uma caixa
de ar de 15 mm, sem revestimentos que lhe reduzam a emissividade e com as seguintes proprieda-
des (7-transmissividade solar, p-reflectividade solar):

lamina interior: Tg = 0.771 e pg = 0.070; lamina exterior: Tg = 0.609 e pg = 0.060

¢) Calcular o coeficiente de reducao de perdas (ou fator de ajuste, b) do espaco B, em
condi¢des de regime permanente ¢ quando esse € considerado como um espaco adjacente a A
(zona aquecida) e em que o fator de ajuste pode ser calculado por:

Ty Tp

b =
Ty —1T,




Exercices Energy balance
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Energy balance

Exercicio4.1.4 Considerar um armazém com um pavimento quadrangular adiabatico (10 x 10 m).
O pé-direito € 4 m. As grelhas de ventilacdo sdo desprezaveis em termos de area e U, bem como

a irradiacao solar nas paredes/porta.
a) Calcular a temperatura do ar interior, considerando condi¢cdes de regime permanente,

G, =400 W /m? e T, = 26%C.

Propriedades termo-fisicas:
(1) Paredes U = 0.82 W /(m*K);
(2) Porta com drea S m> e U = 3.2 W /(m*K);
(3) Cobertura metalica com resisténcia termica desprezavel e absortividade exterior 0.7;
(4) Taxa de ventilacao 1.2 RPH.
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Transient conditions Energy balance

Thermal inertia:
-Conductivity
-Heat capacity.
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Useful gains Energy balance

At
Thermal zone

No internal gains
Qint =0

Only solar gains

Qin = Qsol
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Quasi-steady-state approach Energy balance
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Solar gains and utilisation factor Energy balance

Qaux Fs Qout e anol

\4

Solar gain utilisation factor:
» |t varies from 0 to 1

t Is empirically obtained
t depends on the thermal
inertia of the zone
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Normative documents Energy balance
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Heat transfer and heat gains Energy balance

Heat transfer, Qut Heat gains, Qgn

Proportional to internal-external air Not proportional to internal-external air
temperature difference temperature difference

conduction, convection, longwave solar gains, internal gains,

radiation, ventilation sky-radiative cooling

Gains: conduction, convection, longwave
radiation Gains: solar gains, internal gains

(if external > internal air temperature)

Losses: conduction, convection, longwave
radiation Losses: sky-radiative cooling

(if external < internal air temperature)
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Gain utilisation factor Energy balance
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ISO 13790 Energy balance

At
Thermal zone
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Loss utilisation factor Energy balance
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Residential requlation (REH) Energy balance

Adopted
) } Qnd — an — leht — (1 — ng)an
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Heat transfer Energy balance

— H(6: —6.) [W]

[JorWh ]
Q = /th /HH—H if L is
[s or hj

(92' T (93675 Q o H@SGtL vz H/ He(t)dt
L

H constant Q= HL(0; — 0,)

L(eset s He) e GD@

l l

days degree-days

set

FC Ciencias
ULisboa



Heat conductance Energy balance

H,; Direct: between building elements separating
external from internal environment (Envolvente

exterior).
H, Ground: between building elements and ground
Transmission (Envolvente em contacto com o solo).
Htr

H,, Unheated spaces: between building elements
separating unheated spaces and internal
environment (Envolvente interior).

H_, Other buildings: between building elements
separating other buildings and internal
environment (Envolvente interior).
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Heat conductance Energy balance
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Heat conductance Energy balance
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Heat conductance Energy balance

General approach

e — btr,x ZAZUZ - ZBj\Ijj

1 J

Adjustv factor Area Lenvgth

For unheated
spaces and other
adjacent buildings

0 S bt'r‘,a; = I
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Heat conductance Energy balance

Ventilation
Hye = PaCa Z bve,kgbve,k
k

Average air flow

\4

Adjust factor

For heat recover or
other air sources
other than external

bve,k > 0
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Adjust factor Energy balance

e

. bt"r'— (97;—6)6
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Adjust factor Energy balance

6)2' i Hve
0, — 0,
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Heat gains Energy balance

solar gains internal gains sky radiative exchange
an = Qsol 3ip Qz’nt e Asty average power
General approach 0 — / ot —
L
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Average solar gains Energy balance

,—.‘/

Average effective
collecting area

af
(I)sol,j = Gj E Fsh nAsol,n -
|

|

n elements

\ 4

Average global solar radiation
per unit of surface area for orientation |

(I)sol = E (I)sol,j
J

, Averag‘e shadlng coefficient
(fins, overhangs and horizon)
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Effective collecting area Energy balance

Opaque element Transparent element

Asol,n o anRseUnAn Asol,n == ge,n ' Ag,n

Asol,n S ge,n ' FgAw,n

average g-value =~
(with and without shading) §

glazed area (frame influence) |
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Shading g-value Energy balance

average g-value = with + without shading
shading glazing

9o = gsh,e - Fns + §9,9(1 0 FmS)

Movable shading
time fraction

Shading Jsh,0 = "gsh, L

Only glazing 94,6 = fw - gg,1
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Internal gains Energy balance

®;,: average heat dissipation (convective and radiative parts)

Qz’nt o (I)zntL
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Sky radiative exchange Energy balance

Qsky — hrFsky(‘gs o, Hsky)As
Qsky — hrFSk:y[(es e 96) il (96 e Hskzy)]As

Qsky — hrFsk:y(‘gs =i ee)As ik Asty

l l

Included in Qnz Considered in Qgn

Asty S / hrFsky [ee(t) e Hsky (t>]Asdt
L
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Energy balance

Exercicio 4.2.6 Para cadaum dos casos A e B e utilizando o método quase-estacionario, calcular
as necessidades nominais de energia para aquecimento, para uma temperatura de 21ZC, no més
de Fevereiro. Desprezar perdas radiativas para o céu e ganhos solares através da envolvente opaca;
considerar que existe apenas uma fachada com exposicao Sul; utilizar para cada caso apenas os
dados disponiveis.

A B
Area ttil de pavimento [m?*] 80 60
Volume[m?] 210 150
Condutancia total da envolvente opaca [W /K] 115 75
Condutancia total da envolvente envidragada [W /K] 140 20
Inércia térmica, a 26 26
Taxa de infiltracdo de ar exterior (24h/dia) [rph] 0.7 -
Caudal de ventilagio (24h/dia) [m® /h] - 300
Taxa de dissipacao de calor interno (14h/dia) [W] 200 100
Area de janelas a Sul [m?] 16 10
Fator solar do vidro das janelas
para uma incidéncia média da radiacao 0.85 0.75
Percentagem de vidro nas janelas 90% 70%
Temperatura média do ar exterior [°C] 12 -
Graus-dia de aquecimento (base 21°C) [°C.dia] - 300
Radiacdo solar média na orientacdo Sul [W /m?] 90 -
Energia solar total mensal na orienta¢do Sul [kWh/m?] - 200
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Energy balance Energy balance




Model 5R1C Energy balance

Aalzon\ Equivalent area of

---------------------------------------------------- the thermal mass [m2]

e > AileiL;)?

Total thermal capacity [J/K]

A; Total area in contact with internal air Al
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Model 5R1C Energy balance
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Model 5R1C Energy balance
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Model 5R1C Energy balance
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Model 5R1C Energy balance




Model 5R1C Energy balance

Air temperature Air temperature

(92 (93 (92 (93
Surface temperature Surface temperature Surface temperature Surface temperature
(heavy elements) (light elements) (heavy elements) (light elements)

he
Kl — (1 I h ) hcAt

Oy

Ciy =vA:h

Cl zjl ! T)A . KZ — (hc + Qhr)UAt

2 = — U
e K3 = (he + oh,)(1 — v) A
03 — UAthc 1
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Heat conductance Energy balance

Hiy = Hye = paCaPue Ventilation
H;s = K3 Constant
Hps = K3 Constant
1 P
Bl — ( . . Hms> Heavy elements
H.s = Hy Light elements
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Energy balance
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Numerical approach Energy balance

QS = Hesee F Hl[(Q’L ln Qnd)/Hve = (91)]

thot 2 Qm S Hemee s HS H
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Energy balance

) Hmt _|_(9m t—1
Oy = 22—
2
S H,lsbm + Qs + Hesbe + H1[(Q:i + Qna)/Hye + 6,]
T Hms i Hes gl Hl
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Model flow chart Energy balance

Free-float

Calculate

Theoretical conditioned

yes

Calculate ~ Define heating/cooling mode

Calculate
C Ciéencias
ULisboa

Real conditioned




