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Air Flow in Wall Cavity



• Initial measurement of airflow 
yielded non-symmetric air flow 
pattern with respect to applied 
temperature gradient.
• We suspected it was due to non-

symmetric wall construction (i.e. 
Conductive brick vs. insulating 
stud wall).
• Cavity velocities were rather small 

compared to the air velocity used 
to circulate air within the hot box 
(40 cm/s).
• This indicates that there is little to 

no leakage of air through the wall.

Initial Velocity Measurements
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• In order to test this hypothesis, another wall was 
constructed.
• It consisted of 2, 2” XPS panels separated by a one 

inch air cavity.
• This assured that the wall was symmetric and that the 

boundary layer the air flow across was smooth.
• The air cavity was instrumented with heat flux pads, 

thermocouples, and air velocity probes.

Experimental Setup



• We observed that for the same 
conditions, just changing which hot box 
chamber did the heating and cooling, 
we observed the reverse effect.

• The reason we believe this is happening 
is because the sensors have to 
compensate for temperature in order to 
measure air velocity.

• The sensors are placed through one 
side of the wall and are perpendicular to 
a significant thermal gradient.

• The temperature the sensor measures 
is not the same temperature that the 
probe tip experiences, thus it cannot 
accurately correct.

• Next, we looked at modeling both the 
simple XPS wall and the complete brick 
wall.

Experimental Results
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• Calculated R-values from the wall 
were compared to the measured R-
value in order to assess the accuracy 
of the models.
• We see poor agreement with 

experiment in the conduction only 
case (25% difference).
• With conduction and convection, the 

results agree better (15% 
difference).
• Conduction, convection, and 

radiation need to be taken into 
account to model this wall.
• Modeling the complete hot box does 

not yield better results, so just the 
wall will be focused on from here on 
out.

Simulation Comparison

Wall	Only	-	
Conduction

Wall	Only	-	
Conduction	+	
Convection

Wall	Only	-	
Conduction	+	
Convection	+	
Radiation

Complete	Hot	Box	-	
Conduction	+	
Convection

Complete	Hot	Box	-	
Conduction	+	
Convection	+	
Radiation

-20 24% 16% 0% 14% -1%
-10 21% 16% -2% 15% -4%
10 18% 14% -5% 13% -6%
20 23% 16% -1% 15% -3%
-20 24% 16% 1% 15% -1%
-10 23% 18% -1% 16% -3%
10 16% 12% -6% 10% -8%
20 21% 13% -3% 12% -5%

Loading	Condition

Climactic

Metering



Simulated Air Flow in Cavity

• This is the flow pattern that 
exists at under steady-state 
conditions.
• This pattern is not still, it 

continuously moves, shifts, and 
fluctuates with time.
• Flow is inherently chaotic.
• A transient simulation was run 

the see how this profile sets up.



• The viewpoint for this video is if we 
were looking at the hot face of the 
wall, and could see the air cavity.
• This is the velocity in the cavity as a 

function of time given initial 
temperature of 24C, then 44C 
placed upon exterior wall.
• It takes time for heat to travel 

through the wall and into the air 
cavity.
• Initially smooth air flow along the 

wall.
• Transition region where the smooth 

air flow ripples (approx. 5cm/s)
• Finally chaotic swirling representing 

fully developed 3D convection.

Simulated Development of Air Pattern



• From here, we wanted to see how increasing the cavity thickness 
impacted the thermal performance of the wall.
• In order to validate the simulations, we modified our experimental 

setup to allow us to change cavity thickness.
• As the next slide shows, results are in good agreement for several 

thicknesses.
• After looking at the XPS wall, we will look at complete brick wall 

system.



Simulation vs. Experimental Comparison

Experimental	
R-Value

Simulated	
R-Value Error

Experimental	
R-Value

Simulated	
R-Value Error

Experimental	
R-Value

Simulated	
R-Value Error

-20 3.67 3.56 -3% 3.74 3.57 -4% 3.63 3.58 -2%
-10 3.63 3.48 -4% 3.67 3.49 -5% 3.57 3.49 -2%
10 3.27 3.32 2% 3.41 3.33 -2% 3.48 3.33 -4%
20 3.23 3.26 1% 3.32 3.25 -2% 3.35 3.25 -3%
-20 3.54 3.56 1% 3.70 3.57 -3% 3.67 3.58 -3%
-10 3.39 3.48 2% 3.67 3.49 -5% 3.60 3.49 -3%
10 3.62 3.32 -8% 3.40 3.32 -2% 3.51 3.33 -5%
20 3.41 3.26 -4% 3.32 3.24 -2% 3.37 3.25 -4%

2	inch	Cavity 3	inch	Cavity

Climactic

Metering

Loading	Condition
1	inch	Cavity



• What is quickly apparent is that 
there are diminishing returns 
with increasing cavity 
thickness.
• The first half inch of air cavity 

gives the wall most of its 
increased R-value.
• Increasing cavity thickness 

does not add much to overall R-
value because of radiation 
transport across the cavity and 
convection within the cavity.

Simulation Results
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• This is the velocity in the air cavity 
of a complete wall section (brick + 
stud).
• We see regions of increased air 

flow where the studs are located 
due to increased heat flow, and 
lower velocities around the 
insulation.
• This result was not expected, but 

makes sense.
• The probes in the experimental 

setup were in the center between 
studs, and we see around 3-
5cm/s in the model which agrees 
with what was measured.

Simulation Results



Thermal Performance 
Comparison – Hot Box



Thermal Cycling

• The Sol-Air cycle was first described in “Dynamic 
Thermal Performance of an Experimental Masonry 
Building” by Peavy et. al. in 1973 and has been used 
by several other investigators.

• The cycle ranges from 110°F (43°C) to 47°F (8.3°C) 
in a 24 hour period.

• We used this cycle as a standard exposure (air 
temperature) on the climatic side of the hotbox and 
maintain a constant air temperature of 75°F (24°C) 
on the metering side.

• When you study thermal mass, the results depend on 
the cycling conditions where larger temperature 
swings show more impact.

• This cycle allows us to measure heat flow in both 
directions.



• R-value comparisons are a simple starting point for comparing the 
thermal performance of wall sections.
• It’s especially convenient because R-values are additive and the R-

value for a complete wall can gained by small-scale laboratory 
testing on individual components.
• Several different wall sections were evaluated using both steady-

state and dynamic measurements to try and quantify how they 
performed relative to one another.
• While R-value is simple do determine and compare, it does not 

completely describe real-world conditions.

Introduction



• Four different walls have been tested to date with the purpose to 
try and encompass a wide range of typical building materials.
• A brick wall, vinyl siding, HardiePlank, and a plain stud wall have 

been tested.
• The plain stud wall here is used as a reference since its in every 

wall.
• We currently have in progress testing of another brick wall with 

additional sensors, but will use the data from the old run for 
comparative purposes.

Introduction



• New sensor configuration 
attempts to capture heat flow 
through the insulation as well as 
through the studs.
• 4 – 12”x12” heat flux pads over 

insulation on metering side.
• 6 – 2”x2” heat flux pads over 

studs on metering side.
• 3 – 4”x4” heat flux pads over 

insulation on climactic side.
• 3 – 4”x4” heat flux pads over 

studs on climactic side.

Typical Sensor Configuration

2x2 flux pads

12x12 flux pads

4x4 flux padsVinyl Siding Wall



• Once steady-state conditions 
have been achieved, we see a 
larger heat flux through the 
studs.
• Also, upon application of heat 

to climactic side, greater time 
lag before heat flux shows up 
on the metering side.
• Also, note the lag between red 

and blue lines, studs take 
longer to respond to 
temperature change. 

Experimental Results



• Looking at the delta heat flux 
curves, we see a much larger 
heat storage in the portion of 
the wall over the studs.
• In order to compare the 

different wall sections, we will 
be using an average from the 
stud and insulation portions of 
the wall.

Experimental Results



• Now, that we have looked at the data for the stud-wall we can 
calculate the R-value for each of the four loading conditions and 
compare to the HardiePlank, vinyl siding, and brick walls.
• We should see a similar R-value for each of the walls, as they all 

contain a stud wall.
• After comparing the steady-state R-value, we will look at transient 

Sol-Air cycle response and compare transient thermal 
performance.

Discussion



Steady-State Thermal Comparison

Condition Stud	Wall HardiePlank Vinyl	Siding
10 33.2% 45.2%* 19.2%
20 28.0% 39.9%* 16.4%
-10 27.2% 15.6% 10.6%
-20 26.8% 20.0% 11.3%

Average 28.8% 17.8% 14.3%

R-Value	Comparison	of	Brick	Wall

Loading	
Condition

Stud	Wall HardiePlank Vinyl	Siding Brick	Wall**

10 10.33 9.48* 11.55 13.77
20 10.20 9.33* 11.22 13.06
-10 10.57 11.63 12.16 13.45
-20 11.12 11.75 12.67 14.10

Loading	
Condition

Stud	Wall HardiePlank Vinyl	Siding Brick	Wall

10 851 988 969 851
20 966 980 979 966
-10 853 936 872 853
-20 884 961 883 884

206 300 198 1244

R-Value

Heat	Capacity

Bulk	Density

* stud wall possibly being conditioned since this was the first wall run
** all brick wall data is preliminary pending analysis with new sensor configuration



• Before looking at the transient data, 
we would like to get an idea of how 
long each wall took to reach 
equilibrium.
• To give some comparison, an overlay 

of the heat flux difference curves is 
shown.
• Notice that vinyl and the stud wall 

both settle out fairly quickly, with the 
vinyl taking slightly longer.
• The HardiePlank noticeably longer 

and the brick several times longer.
• Increased equilibration time 

attributed to increased thermal 
mass.

Time to Equilibrium



• Steady-state R-value 
comparisons can be thought of 
as worst-case scenarios.
• The longer a wall takes to 

equilibrate, the less heat flux 
per unit time reaches the other 
side of the wall under dynamic 
conditions.
• This implies that a brick wall 

should have an even better 
performance than steady-state 
comparisons predict.

Time to Equilibrium

Wall Time	to	Reach	
Equilibrium	[hr]

Stud 6.2
HardiePlank 11.3
Vinyl	Siding 7.7

Brick 34.2



• Looking at the average heat 
fluxes for each portion of the 
wall, we see a somewhat 
different response on both 
sides.
• As expected, there is an 

additional lag on the metering 
side where the studs are 
located.
• In addition, the maximum heat 

flux over the studs is higher 
than that for the insulation.

Experimental Results



• In order to perform comparisons for the walls, we will only look at 
the metering side heat flux—this is the heat that makes it through 
the wall.
• To simplify the number of curves, we will take an average of the flux 

pads over the insulation and studs.
• In order to do a comparison of the dynamic performance, we will 

look at how much heat made it through the wall for each cycle.
• This represents a comparative amount of energy that it would take 

to keep the interior of a building isothermal.

Discussion



Experimental Results



• From the previous figure, we can see that the heat flux passing 
through to the metering side of the wall is greatly reduced from that 
going through either the stud wall or the hardy plank.
• Also note the apparent phase shift in the heat fluxes.
• This is believed to be due to the fact that the equilibration time is 

significantly longer for the brick wall as compared to the stud wall 
or hardy-plank wall.
• Next, we will compare the area under the curve for both the 

positive and negative direction for each wall in order to  quantify 
the amount of heat making it through the wall.

Discussion



Comparison

Positive Negative Average
Stud 2.14E+05 -2.23E+05 2.18E+05
Hardie
Plank

2.08E+05 -2.03E+05 2.05E+05

Vinyl 1.95E+05 -1.74E+05 1.85E+05
Brick 1.55E+05 -5.66E+04 1.06E+05

Sol-Air	Cycle	Total	Heat	Flows
Stud	
Wall

Hardie
Plank

Vinyl	
Siding

Positive 27% 25% 21%
Negative 75% 72% 68%
Average 51% 49% 43%

Brick	Wall	Comparison

Positive – Heat Flow into wall (outside cold)
Negative – Heat Flow out of wall (outside hot)



Wall Steady-State Transient
Stud 28.8% 51.1%
HardiePlank 17.8% 48.8%
Vinyl 14.3% 42.7%

Comparison	Against	Brick

• Looking at the results, we see a 
marked improvement of the 
brick wall under dynamic 
conditions.
• In steady-state the brick wall 

performed 30% better than the 
stud and hardy plank walls.
• Under transient conditions, this 

is increased to around 50%.
• This means that in the brick 

wall, only half the amount heat 
made it to through the wall.

Comparison



• Brick wall with new sensor configuration to finalize brick 
comparison data.
• Insulated vinyl siding to compare against vinyl and brick
• Nichiha board
• Only be tested once individual thermal properties of HardieBoard and 

Nichiha are known and shown to be different.

• Steel stud wall construction

Upcoming Testing



Short Courses

• We continue to see strong interest in 
the Short Course.
• March 2017 Short Course had 30 

attendees
• Already have 2 registered for 

August 7-10, 2017 short course

Spring 2017 Short Course Attendees



Forum
• 63rd Clemson Brick Forum - October 2nd-4th 2017


