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ABSTRACT

The pros and cons of the thermal performance ofettiernal wall not only affect indoor thermal emriment in
dwellings, but also affect the energy consumptibthe building. In this paper, take Southern Anfitaditional
dwellings’ Cavity Wall which have different masommethods and interlayer as the research objectngusi
theoretical calculations and software simulatiomscdomparative analysis of the thermal performanoeGavity
Wall, providing a reference for thermal design afdarn wall.

Key words: Cavity Wall; Thermal Calculation; Infrared Testing

INTRODUCTION

1. THE CONSTRUCTION FEATURES OF CAVITY WALL

External wall of the Southern Anhui traditional diiveys are mostly build by clay bricks. Depending masonry
methods, mainly divided into two categories: Onedkis the solid wall, the bricks are all laid flaasonry; The
other kind is Cavity Wall which is the most outdarg feature in southern Anhui traditional dwelngsome
inhabitant with better economic conditions, thejlidthe exterior walls with wooden planks innerfage. Not only
does it plays a decorative role, but also imprahesthermal performance of the wall. There arelsisgled and
double-sided wooden planks two approaches, bettfeewooden planks and the exterior left 100 ~ 200tmick
cavity. Wood reinforcement is used between the woogdlanks and the exterior well, internal wall, rems to
increase the stability.
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Fig.1: The masonry method of cavity Wall

Cavity Wall is built by flat wise bricks and verdicbricks in different permutations regular patterihe flat wise

1995



Juan Li and Changbing Chen J. Chem. Pharm. Res,, 2014, 6(6):1995-1999

brick is called "sleep brick", and the vertical diriis called "standing brick". There are three kiraf masonry
methods about Cavity Wall: one sleep one standomg sleep three standing and all standing no sleep
(Fig.1).Although there is a pattern masonry methmd, specific to each one dwelling the wall, itssoary law is

not unified. Usually less than one meter in CaVilgll used the more sleep brick masonry method agabne sleep
one standing, one sleep three standing and soigheHthan one meter in Cavity Wall used the meaeding brick
masonry method, even the all standing brick masomethod. It will not only save material, the sturet is also
reflected by the light weight, high stability chetrexistics. There is also some Cavity Wall is @lieith yellow mud

in its empty bucket, which have better thermal merfance compared to Cavity Wall just only filledthvair in its
empty bucket. Therefore, the study will be conddidreaccordance with each masonry method for §liiifferent
Cavity Wall.

2. AVERAGE HEAT TRANSFER COEFFICIENT CALCULATION

2.1 Modeling computation problems

The direction of heat flow in Cavity Wall is perpghcular to standing brick and the air space. Bus iparallel to
sleep brick. Thus, different masonry method CaWigll average heat transfer coefficient calculatinndel is

mainly divided into two categories (Fig.2): walltivino lying brick and wall with lying brick. All anding no sleep
masonry method don't need to consider the direaifosleep brick, formula 1 can be directly usedcéiculate;

Cavity Wall with lying brick need to calculate ttieermal resistance of sleep brick at first. Theltdate the
thermal resistance of standing brick and the amcep Finally, use formula 2 to calculate averagerntial

transmittance of Cavity Wall.
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Fig.2: Calculation model of average thermal resistace of Cavity Wall
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The meaning of each symbol in the formula:
T e Average thermal transmittance ,W/(m-K)

Fg - Perpendicular to the direction of heat flow totahhtransfer area Zm
B, oo Parallel to the direction of heat flow each heansfer area,fm

Rgy " Overall thermal resistance of various parfSKVlW

R, e The inner surface exchanging thermal resistandé ,j&f- K/W

R, " The outer surface exchanging thermal resistanee @ K/W

o Correction factor

= A Fyti Bt inFy
A= (Formula 2)
Fy+Fo4+Fy

The meaning of each symbol in the formula:
T eeeees Average thermal transmittance ,W/(m-K)

Foceee Parallel to the direction of heat flow each heansfer area, fn
 IRAERIT Thermal transmittance of each heat transfer arégmViK)

2.2 The calculation results analysis
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According to the above average heat transfer mardtulate the average thermal conductivity of Gawall
which are built by different masonry methods, sastone sleep one standing, one sleep three stamdlistanding
no sleep. Due to the different choice of brick sitheerefore wall thickness different. Unified casitvariables to
compare the differences between materials and rumtisin. In this study, the choice of a brick inv@g Wall size is
350x150x30 (mm), thickness of the wall is 350mmg dgnore the exterior painting layer thickness e t
calculation. Since the air at different temperatarel humidity conditions, the thermal transmittardeit is
different( For the general air interstratificatiortee vertical air space height greater than 60minter thermal
resistance is 0.18m2-K/W, summer thermal resisté€@150.15m2-K/W). Therefore, with no filler Cgvivall
used the air as an interlayer, in winter and sumenéibit different heat transfer coefficient. Farch Cavity Wall
calculation should be divided in summer (Tablerid winter (Table 2).

Although the average heat transfer coefficient a¥i€y Wall in winter generally lower than in summbut the two

tables are calculated to reflect the same reguddireqm: the average heat transfer coefficient &dinding no

sleep”>"one sleep three standing” > “one sleep stamding”. Thus it can be seen, the larger theesbathe air

interlayer between the ratio of the wall portiohe tsmaller the thermal resistance, the greatehda¢ transfer
coefficient. When the distance of closed air irstgelr increase, radiation heat transfer of air aititerlayer is too

large, air interlayer not only could not achieve #ffect of increased thermal resistance, but thiseaverage heat
transfer coefficient of the wall. In the follow-gtudy, the rational use of characteristic of CaVitgll in the winter

and summer show different characteristics of that liansfer coefficient, maybe received the exoeltesearch

achievements.

Table 1: Average heat transfer coefficient of Cawvit Wall used air interlayer (summer)

masonry law total area fn average thermal resistance’(KYW) mean heat transfer coefficient{WA)]
all standing no sleep 0.057 0.085 11.782
one sleep three standing 0.182 0.085/0.461 11.181
one sleep one standing 0.068 0.085/0.461 10.180

Table 2: Average heat transfer coefficient of Cavit Wall used air interlayer (winter)

masonry law total area (M average thermal resistance®#/W) mean heat transfer coefficient[W/{nk)]
all standing no sleep 0.057 0.113 8.812
onesleepthreestanding 0.182 0.113/0.461 8.396
onesleeponestanding 0.068 0.113/0.461 7.705

Table 3: Average heat transfer coefficient of Cavit Wall used yellow mud interlayer

masonry law total area (M average thermal resistance®#/W) mean heat transfer coefficient[W/{nk)]
all standing no sleep 0.057 0.498 11.782
onesleepthreestanding 0.182 0.498/0.461 11.181
onesleeponestanding 0.068 0.498/0.461 10.180

Although builders in southern Anhui cannot reduagiant heat transfer of air between the interldyeusing other
effective methods in the limited time, in orderremluce the average heat transfer coefficient ofit¢avall. But

they improved Cavity Wall thermal performance byther method that used yellow mud to fill the aiterlayer.
Yellow mud this material is not only easy to getsy construction, heat resistant, light weight, andronmentally
friendly. The research indicates that, Cavity Vidter filling yellow mud under the same conditiotise average
heat transfer coefficient of the wall significanthgcreased (Table 3). Showing the opposite regatiern with air
interlayer: the average heat transfer coefficiemte' sleep one standing”>"one sleep three standfadj”standing

no sleep”. It is obvious that the average heatsfeancoefficient of Cavity Wall not only with an tarlayer
proportion related to the size and the type of natenside the interlayer is also closely relatbthterials used in
Cavity Wall is simple and easy to get ,but the cttital of it is varied and abundant, reflecting thmazing
construction wisdom of craftsmen in southern Anlgipecial, the construction technology that usedromaterials
to fill the interlayer in Cavity Wall, to improvéné overall thermal performance of the wall, it isrth learning by
modern architects.

3. UNFRARED TESTING OF CAVITY WALL THERMAL

To select two Cavity Walls respectively used theaired thermal imager for comparison testing, the s used air
interlayer, the other one is used yellow mud iatgzl, they are both used the same masonry laningjesine was
about 3:00 pm, the weather was sunny, no signifieénd direction. By comparing the temperature etéince
between the inner and outer surface, to analytinghermal performance of the Cavity Wall. Testltesf Cavity
Wall used air interlayer is that the average temijpee of the outer surface is 3T.0and the highest value is 338
the average temperature of the inner surface i5°Q2@&and the highest value is 298(Fig.3 ).The average
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temperature difference between the inner and @utgaces is 2.8 .Test result of Cavity Wall used yellow mud
interlayer is that the average temperature of titercsurface is 33’6, and the highest value is 347 the average
temperature of the inner surface is 29,and the highest value is 80 (Fig.4).The average temperature difference
between the inner and outer surfaces i§4.5

bres 1
Max. Ave. Min s,
33.8 310287 L

Area 1
Max.  Ave. Min.
34.7 33.6 30.8

T
| Max.  Ave. Min.
30,0 20.128.3

Fig. 4: The infrared test icon of Cavity Wall with air interlayer

Experimental results show that the effect of atefilayer is poor in cutting off the indoor and cad heat transfer,
consistent with the theoretical calculation resulihie test areas on inside and outside surfacetheofwall

temperature fluctuations little, have shown unifoneat and heat transfer. Consolidated study rediiés heat
transfer coefficients of Cavity Wall significantheducing after used yellow mud. Reserved Cavityl Waditional

masonry methods, choose the right material forfillieg interlayer,is an effective way to improvée thermal
performance of the wall.

CONCLUSION

Cavity Wall in southern Anhui has more advantages tsolid wall. On the one hand, solid wall usedemnoaterial,
its own large weight, long construction period. e other hand, Cavity Wall has more transform @orms. Such
as maintained the appearance of Cavity Wall unobénlling other materials in interlayer to impethermal
resistance. Or keeping air interlayer unchangetljgiag the radiation heat transfer of air by otlvays. Provided
both beautiful and meet thermal specification reggitechniques for the dwellings which requiredniaintain the
traditional appearance in modern time. The constmickills of southern Anhui traditional dwellingSavity Wall
to inspire contemporary architects use simple raseto create maximum thermal performance in gsgh.
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