HVAC Load Calculation

Thermal Transmittance
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Program

* Non-homogeneous structures
 Equivalent resistive networks
 Resistance calculation

* Equivalent transmittance calculation

e example




Electrical Net equivalence, composite wall

 Multilayered wall

* Sove the problem with equivalent net
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How to deal with uneven walls?

* Typical case with ineven material
* Different materials
* Very common in buildings

* For example: internal insulation
systems
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Periodic geometry




Higher limit of thermal resistance




Uneven structures
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Higher limit of thermal resistance
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Lower limit of thermal resistance




Lower limit
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Rtot,inf = R;+R;{+ Ry, + R3; + R, + R, - Rtot,inf ‘|2‘ Rtot,sup




Problem

dy =0,0125m; d, = 0,03m; d3;=0,32 m
w
A =02,1,=0,032,4;=0,12, 4, = O’BH

Compute the transmittance
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Example

dy =0,0125m; d, = 0,03m; d;=0,32 m
A =021, =0,032,1; =012, 1, = 0,8——

d d d m?K

Rrot.a = Rsi 1 Ai | /152» : /‘ti F Rse = 0.883 — soem b
| d | d I d I _ mzK

Riotp = Risi - 7[1 | /’Lz | /‘L F Rse = 1.570 w 6cm fq
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Example

6 50
fo=2=0107; f, = i 0,893
Ripeq =2 =0,06252%

S P LW :
fa | f K
Riot2 = (d—_z +ZI§> = (0.724 mW
A3 A2 )
d m#< -K
Reot;3 = ﬁ = 0,400 —

Rtot,inf = Rg; + Rtot,l + Rtot,z + Rtot,3 + Rge = 1.357

Rtot _ Rtot,suptReot,inf -1.403 mij
1 W 1
U= = 0,713 ——— U, =
tot m2-K ld Reotb
AU% = 222=Y . 100 = —10.65 %

= 0,637
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Calcolo 2D
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matd
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A=0,800 W
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nt = 20°C 5 Oy = 0°C
g = 7.992 W/m

Dy 7.992 07136
AO-H 20-056
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Calculation
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Calculation Show

Tools

Temperature T [° C] (calcolo psi)
paretecomposta

— = » |Risultati principali
@ ‘Q Q '"I" € N Flux @ 7,992 w

L2D 0,400 W/mK
N° triangles 294
A % solutions -0,09 [%6]

Verifica muffa

critical month Ottobre

frsi,max 0,784

B frsimax 15,69 °C
frsi 0,734

B,min 14,67 °C

frsi > frsi,max mold PRESENT

Metodo: classi di concentrazione

Segmenti di calcolo

Dati
Location Desio
T est. 0,0
Tint. 20,0

GAIA




Alr gaps

* In building structures, both closed and
open cavities are very common

* Closed cavities

 Hollow-box walls

* Internal and external thermal insulation
 Double or triple glazing (with other gases)
* Open cavities

* Attics

* Ventilated insulation




Calcolo della trasmittanza

* Heat exchange occurs by convection and
radiation

* Convection exchange is linear
* Radiation exchange is non-linear

* Radiation exchange is linearizable




Radiant heat exchange

* Simple geometry parallel walls

e Specific heat transfer

I/ (T14 o T24)
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* Heat exchanged depends on the
emissivities of the walls




Linearizzazione dello scambio radiativo

* The nonlinear term is given by the difference

of temperatures at the fourth power
* Temperatures are expressed in [K] ‘
* The difference of temperatures is small
(T14 _ T24) — (T12 T Tzz) ' (T12 — Tzz) —
— (T12 + Tzz) - (T1 +Ty) - (T, — T,)
=2-T7 2Ty (6, —0,)=4-T, - (6, —0,) I
o= T, -; T, K]
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Radiation heat trasfer linearization

1
b =094 Ty - - (61 — 63)
1 1 1
51'52

4’1'! = h, - (91 — 92)
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Coupled heat transfer

e Convective coefficient is obtained from
tables UNI EN ISO 6946

AT <5 K
Direction h, [W/(mZ-K]) CI)”
horizontal 1,25 ¢
upwards 1,95 ||-:>
downwards 0,12 - 044
AT >5K I
o o C
Direction h, [W/(mZ-K]) Tl
horizontal 073 A T% -—/\/\/\/\/\/\—o
1
upwards 114 -AT3 _
C

downwards 0,09 - AT 0187 . g—044
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Convective and radiative heat transfer

O
||
* Consider both heat exchange
b,
@/ = (hg + h,) - (61 — 6) —
CI)”
b = (6, — 6;) :
Y Rg
1
R




e 6, =19°C

* 0, =15°C

e T, = 290,15 K
¢ £ =09

e &, =0,95

¢ h, =1,25 W/(m%-K)
+ h, = 4,76 W/(m?-K)

« h=h, +h, = 6,01 W/(m?K)

* CID:h‘(Enl_Enz)=

6, =19 °C

6, =15°C

T,, = 290,15 K
& =09

& =0,1

24,04 W/m?

h, = 1,25 W/(m?2-K)
h, = 0,548 W/(m?2-K)

h=h,+h, =1,797 W/(m?K)

cb:h'(Enl_EnZ):

7,19 W /m?2
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Convection heat transfer in enclosures

* Old Italian standard UNI 10345 reported formulas for computing the
heat transfer in enclosures

s gap thickness

A gas conductivity
Nu=a- (Gr- Pr)?

Vertical surfaces: a=0.035, b=0.38
Horizontal surfaces a=0.16, b=0.28
Inclined surfaces a=0.10, b=0.31
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Non dimensional parameters




Gas properties

Prospetto lll — Proprieta termofisiche dei gas usati nelle intercapedini
Temperatura Massa Viscosita Conduttivita Capacita termica
Gas di riferimento volumica dinamica” termica™* massica
°C kg/m3 - 105 kg/(ms) - 102 W/(mK) kJ/(kgK)
Aria - 10 1,326 1,661 2,336
0 1,277 1,711 2,416
t 7 H 1 ,
10 1,232 1,761 2,496 008
20 1,189 1,811 2,576
Argon -10 1,829 2,038 1,584
0 1,762 2,101 1,634
’ ’ ’ 0,519
10 1,699 2,164 1,684 >
20 1,640 2,228 1,734
SF -10 6,844 1,383 1,119
0 6,602 1,421 1,197
’ ’ ’ 0,614
10 6,360 1,459 1,275 6
20 6,118 1,497 1,354
Kripton -10 3,832 2,020 0,842
0 3,690 2,340 0,870
) 1 H 0’ 4
10 3,560 2,670 0,900 245
20 3,430 2,500 0,926
* Dividere i valori per 105,
** Dividere i valori per 102.
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