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ABSTRACT

This study evaluates the heat and moisture performance of wooden stud walls with aerogel blankets as the main insulation.
There is always a risk that a new material will create problems if it is applied in the same way as conventional materials. To predict
and prevent such problems, it is of essential interest to analyze aerogel applications from a heat and moisture perspective. In this
study, thermal conductivity and the vapor diffusivity of aerogel blankets were measured. The work found that the aerogel blankets
can be compressed and that compression actually lowers the thermal conductivity. The measured results were used as input in
numerical simulations. Four different wall layouts were modeled and compared to a wall with conventional insulation. The simu-
lations showed that the thickness of a wooden stud wall could be decreased to 60% with aerogel blankets instead of conventional
insulation, with the same thermal transmittance. Also, the position of the aerogel layers had a large influence on the moisture
condition in the wall. The aerogel wall in the study with the best moisture performance has a homogeneous aerogel layer outside
of the wooden studs and the studs are in line, forming a continuous thermal bridge through the wall. The moisture performance
of the best aerogel wall in the study was as good as the studied wall with conventional insulation.

INTRODUCTION

Today there is a lot of concern regarding how humans
affect the environment. One large source of impact on the envi-
ronment is energy production; therefore, a large effort is made
to lower the energy consumption through all of society. The
Swedish Government (2013) aims to decrease energy
consumption by 20% until the year 2020; similar goals can be
seen throughout Europe.

The environmental concern has led to new concepts to
lower the energy consumption of new buildings. One of the
main factors for energy loss in buildings is the heat transmis-
sion through the building walls. On one hand, the thermal
transmittance (U-factor) of a wall can be decreased by adding
new layers of insulating materials, thus decreasing the heat
losses. On the other hand, the wall thickness will increase,
which reduces the available building area, which may lead to
architectural problems such as decreased natural lightning. A
change in wall layout will also lead to a change in the moisture

conditions in the wall. Therefore, the moisture performance of
a new wall should be evaluated to reveal any risks of moisture
damage such as mold or rot.

During the last century, some new insulation materials
have been developed with thermal properties superior to those
of conventional insulation materials (Berge and Johansson
2012). One of these materials is aerogel, invented by Kistler
(1931) during the thirties. An aerogel is a former gel which has
been dried at supercritical conditions so that the original gel
structure is kept intact. This can lead to a material with high
porosity and a pore diameter in the range of 20–40 nm (1·10–6–
2·10–6 in.) (Soleimani Dorcheh et al. 2008). The pore diameter
is of the same magnitude as the mean free path of air, where the
mean free path is the average length a gas molecule travels
before colliding with another gas molecule. This leads to a
decreased probability of gas-gas collisions compared to gas-
solid collisions. Gas-solid collisions transfer less energy than
gas-gas collisions, which leads to a situation where an air-filled
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porous material can have a lower conductivity than still air with
unlimited space. This has been shown by Fricke et al. (1992),
who found a thermal conductivity for aerogel as low as 13 m·W/
m/K (0.083 Btu·in./h/ft2/°F), which is substantially lower than
the conductivity of example mineral wool or expanded poly-
styrene insulation with a conductivity above 30 m·W/m/K
(0.21 Btu in./h/ft2/°F).

A problem with monolithic aerogels is that they are very
fragile, which creates issues with handling the material. This
has led to the creation of aerogel composites, where some kind
of reinforcement fibers are mixed with the gel before drying
(Stepanian et al. 2006). One type of composite is the so-called
aerogel blanket, shown in Figure 1, which can be stored in rolls
and can be handled like a thick fabric.

Today aerogel blankets are very expensive compared to
other insulation materials, but the price is decreasing and has
been forecast to decrease even more in the future. Therefore,
it is of interest to find the benefits that a low thermal conduc-
tivity could yield and to investigate possible problems that
could occur.

Aim

This work aims to investigate aerogel blankets as a possi-
ble insulation material for walls. The work has been divided
into two parts: the first part is an analysis of the material prop-
erties to understand the material and the second part is numer-

ical simulations of heat and moisture conditions in a load-
bearing wooden stud wall element. This work generates the
first insight into possible benefits from using aerogel blankets
as the primary insulation in wooden stud walls.

MATERIAL PROPERTIES OF AEROGEL BLANKETS

To simulate the use of aerogel blankets in a wall structure,
various material properties have to be known to use as input
data in the model. For this study, the most important properties
are those related to heat and moisture transport. One problem
with determining the properties is the variation through the
specimens. Since aerogel is a fragile material, the aerogel in
the outer layers of the blanket will break and fall off as dust,
leaving only reinforcement fibers. Deeper into the material,
the fiber reinforcement keeps the aerogel matrix together. For
simulation input you have to choose between apparent prop-
erties, representing the whole material piece, or you have to try
to measure the properties of the different layers of the speci-
men.

The measurements were focused on one type of aerogel
blanket with a low thermal conductivity. The results were
compared to another aerogel blanket covered with a dust
protection coating. The coating consisted of some kind of
polymer applied to the surface of the blanket to stop aerogel
particles from falling off. The properties of the blankets differ
to some extent, and while no clear conclusions about the effect
of adding a dust coating can be drawn, it can give indications.
Some basic properties of the aerogel blankets are shown in
Table 1. The specimen thickness was measured according to
EN 823, Thermal insulation products for building applica-
tions – determination of thickness (CEN 1994).

Thermal Conductivity Measurements of

Aerogel Blankets

The thermal conductivity was measured in a guarded heat
flowmeter apparatus.A 300 × 300 mm2 (11.8 × 11.8 in.2) large
sample was put in between two plates with different temper-
atures. To decrease the measurement error from the sample
thickness, three layers of aerogel blanket, stacked on top of
each other, were measured corresponding to a total nominal
thickness of 30 mm (1.18 in.). A heat flowmeter measured the
heat flow from the hot plate into the material, through the
middle 100 × 100 mm2 (3.94 in.2) part of the sample. Spacers
were used to lock the sample thickness during the measure-
ment. With the area, A, temperature difference, T, heat

Figure 1 A roll of aerogel blanket with a nominal thickness
of 10 mm (0.39 in.).

Table 1. Density andThickness ofTwoTypes of Aerogel Blanket Without (A) and With (B) a Dust Coating

Sample
Density,  Measured Thickness, t Nominal Thickness, tnom

kg/m3 lb/ft3 mm in. mm in.

A 157 9.81 10.6 0.413 10 0.394

B 147 9.19 10.2 0.401 10 0.394
2 Thermal Performance of the Exterior Envelopes of Whole Buildings XII International Conference

http://regeringen.se/sb/d/116
http://regeringen.se/sb/d/116
http://regeringen.se/sb/d/116
http://regeringen.se/sb/d/1583
http://regeringen.se/sb/d/3188
http://regeringen.se/sb/d/8756
http://regeringen.se/sb/d/8756
http://regeringen.se/sb/d/8756


flow, Q, and thickness, d, the thermal conductivity, , can be
calculated from Equation 1.

(1)

Temperature Dependence of the Thermal Conductiv-
ity. Thermal conductivity measurements were performed at
different mean temperatures, from 10°C to 40°C (50°F to
104°F), to examine the variation in thermal conductivity due
to temperature. The results for blanket type A are shown in
Figure 2, which gives an average conductivity of 15.4 m·W/m/
K (0.107 Btu·in./h/ft2/°F) at 10°C (50°F) and a temperature
variation for each degree of 0.02 (m·W/m/K)/K (8·10–5

[Btu·in./h/ft2/°F]/°F). The temperature influence on the ther-
mal conductivity is quite small and can probably be neglected
in a wall context. The result can be compared to the results by
Pietruszka et al. (2012), who measured a thermal conductivity
of aerogel blankets between 15.0 and 16.6 m·W/m/K (0.104
and 0.115 Btu·in./h/ft2/°F) at 10°C (50°F).

The thermal conductivity of the dust-coated aerogel blan-
ket (B) was also measured; it gave a resulting thermal conduc-
tivity of 19 m·W/m/K (0.13 Btu·in./h/ft2/°F) at 10°C (50°F).
This is much higher than the aerogel blanket without the coat-
ing, but it is not the same product so it cannot be compared
directly.

Compression Dependence of the Thermal Conductiv-
ity. Aerogel is a fragile material, held together by the rein-
forcement fibers. On the surface of the material, the fibers
cannot entangle the aerogel as much as in the core, therefore
aerogel falls off as dust, leaving a surface layer with less aero-
gel and more air. Since the aerogel itself has a lower conduc-
tivity than still air, a compression of the specimen might
decrease the measured conductivity by reducing the air-filled
outer layers.

From the product technical guide for the aerogel blankets,
the measured conductivity is 13.1 m·W/m/K for a sample

compressed to 83% of the nominal thickness. To test the influ-
ence of thickness, three specimens of aerogel blanket were
tested at a mean temperature of 10°C (50°F). The maximum
thickness was approximately 32 mm (1.26 in.) and the mini-
mum thickness was limited to approximately 29 mm (1.14 in.)
by the possible compression in the metering equipment. The
thermal conductivity of each specimen was measured at
several different thicknesses, from the minimum thickness up
to the measured sample thickness.

The results are shown in Figures 3 and 4 (in SI and I-P
units, respectively), where it is shown that 10% compression
gives 1 m·W/m/K (0.06 Btu·in./h/ft2/°F) lower thermal conduc-
tivity. Figures 3 and 4 also show the conductance through the
whole thickness of the specimen. The conductance is defined
as the heat flow through the material layer, normalized over
area and temperature. Even though the thermal conductivity
decreases with a lower thickness, the total flow still increases,

 Q d
A T
----------------=

Figure 2 Thermal conductivity of aerogel blankets as a
function of temperature for two different
specimens of the same type.

Figure 3 Thermal conductivity and thermal conductance of
samples A1–A3 as a function of the sample
compression represented by the measured
thickness (SI units).

Figure 4 Thermal conductivity and thermal conductance of
samples A1–A3 as a function of the sample
compression represented by the measured
thickness (I-P units).
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which means that an uncompressed aerogel blanket still gives
a higher thermal resistance per invested dollar.

Vapor Diffusion Coefficient for Aerogel Blankets

The vapor diffusion properties of the aerogel blankets
were measured by the cup method. Samples of aerogel blanket
were mounted on a glass cup half filled with water. The
samples were placed in a climate chamber at 20°C (68°F) and
50% relative humidity (RH). The samples were continuously
weighed, and with the weights together with the measured
time, the mass flow of vapor leaving through the sample could
be calculated.

To analyze the possible increased flow through the cut
circumference of the samples, two different sample sizes
where tested. The two sample sizes had different relations
between the area and the circumference so that a quotient of
flow per edge length could be calculated.

The setups for the measurements are shown in Figure 5.
The vapor diffusivity can then be calculated from Equation 2.
From the diffusivity, the permeability can be calculated using
Equation 3.

(2)

(3)

where

G = mass flow, kg/s (lb/h)

= difference in relative humidity, dimensionless

vs = saturation vapor content, kg/m3 (lb/ft3)

A = sample area, m2 (ft2)

da , daeb = air gap thickness and aerogel sample thickness,
respectively, m (in.)

Dv,a , Dv,aeb = vapor diffusivity of air and aerogel,
respectively, m2/s

v = vapor permeability, kg/Pa/s/m (perm in.)

P = difference in partial pressure, Pa (mm Hg)

The results from the measurements are shown in Table 2.
The variation between the different sample sizes is of the same
magnitude as the variation between samples of the same size,
which indicates that the extra vapor flow through the edge is
small compared to the total vapor flow through the sample.
This gives an average permeability of 5.46·10–6 m2/s
(28.2 perm in.).

The influence from a dust coating was also tested. The
coated blanket (B) was of another type, with a higher thermal
conductivity, but the results could indicate influence of a coat-
ing. The measurement showed that the coated samples had a
higher permeability than the samples without the coating. This
indicates that the type of coating used does not interrupt the
vapor flow through the material. It can be assumed that it
would be possible to coat the other aerogel blanket (A) with

Figure 5 Set-up for wet cup measurements. The cups are cylindrical.
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Table 2. Measurement of Permeability on

Small and Large Samples of Aerogel Blanket,

Without (A) and With (B) a Dust Coating

Sample
Diffusivity, Dv ,

·10–6 m2/s

Permeability, v

·10-12 kg/Pa/s/m Perm in.

A1 small 5.93 45 30.7

A2 small 5.54 42 28.6

A3 small 5.12 38 26.5

Aavg large 5.53 42 28.6

A4 large 5.32 40 27.5

A5 large 5.15 39 26.6

A6 large 5.67 43 29.3

Aavg large 5.38 40 27.8

Atot.avg 5.46 41 28.2

B1 large 6.32 48 32.7

B2 large 6.61 50 34.2

B3 large 5.78 43 29.9

Bavg 6.24 47 32.2
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the same coating without any large influence on the moisture
transport through the wall.

WALL ASSEMBLY SIMULATIONS

A common Swedish concept of a wall for low-energy
buildings with conventional insulation was found from an
insulation material producer and is shown as walls 1a and 1b
in Figure 6. From the interior, the layers of the structure are:

• 13 mm (1/2 in.) gypsum board
• 45 mm (1.77 in.) layer for service penetrations with

mineral wool and wooden studs
• vaportight film
• homogenous layer of mineral wool
• load-bearing layer with mineral wool and wooden studs
• homogenous mineral wool board
• 25 mm (0.99 in.) ventilated air gap
• wooden façade

The load-bearing studs are 120 × 45 mm2 (4.73 × 1.77 in.2)
with a center distance of 600 mm (1.97 ft). This is based on the
design load from snow on a 15 m (49 ft) wide roof placed in
Göteborg, Sweden (Johannesson 1992).

When a wall gets thinner, the influence of the thermal
bridge through structural elements increases. Therefore, two
different placements of the wooden studs were analyzed: alter-
nating as in the “a” cases or in line as in the “b” cases, shown
in Figure 6. Walls 1a and 1b are the reference walls with
conventional insulation materials. These are compared to two
versions of aerogel walls with the same U-factor; wall type 2,
where a homogenous aerogel layer is placed in between the
layer for service penetrations and the load-bearing layer, and
wall type 3, where a homogenous aerogel layer is placed on the
outside of the construction, before the façade.

Thermal Analysis of the Wall Assemblies. The heat
flows through the wall assemblies were simulated with the Heat
Transfer Module of COMSOL Multiphysics® 4.2b (COMSOL
2013), a finite element method software, with constant bound-

Figure 6 Horizontal incisions of the insulated wall constructions. Walls 1a and 1b are insulated with conventional insulation
and walls 2a, 2b, 3a, and 3b with aerogel blanket insulation. The wall to the bottom right shows the dimensions
common for all walls, such as the load-bearing layer, and also the position of the two layers H1 and H2, for which
the thickness was varied in the thermal analysis. The measures up and to the left are in millimeters and the measures
down and to the right are in inches.
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ary temperatures. The U-factor was calculated and the thickness
was altered until each wall had a U-factor of 0.100 W/m2/K
(0.0176 Btu/h/ft2/°F) to represent a modern low-energy build-
ing. The thickness was varied for layer H1 for walls 1a, 1b, 2a,
and 2b and for layer H2 for walls 3a and 3b. The positions of
layers H1 and H2 are shown in the bottom right of Figure 6.

For the choice of walls, similarity in U-factor was prior-
itized rather than actual available material dimensions. There-
fore, the adjusted homogenous layers have unconventional
thicknesses.

The input data for the thermal analysis is shown in Table 3
and were taken from the material database in the simulation
software WUFI 2D (IBP 2013), which was used for the mois-
ture analysis. The air gap and the façade were treated as an extra
resistance of 0.20 m2·K/W (1.14 ft2·h·°F/Btu) added to the
exterior surface resistance. This gave internal and external heat
transfer coefficients of 25 and 3 W/m2/K (4.4 and 0.53 Btu/h/
ft2/°F), respectively (Petersson 2009).

The resulting wall thicknesses are shown in Table 4
together with the relative thickness compared to wall 1. With
aerogel blanket insulation, the total wall thickness could be
reduced to 60% of the original thickness for the same U-factor.
For both the conventional walls and the aerogel blanket walls,
the influence of the relative position of studs is small. For the
conventional wall the position did not affect the thickness at
all, and for the aerogel walls the thickness changed a maxi-

mum of 10 mm (0.39 in.), which correspond to a difference of
around 4%.

Moisture Performance Analysis. The wall construc-
tions were analyzed in a combined heat and moisture simula-
tion in WUFI 2D (IBP 2013). The outdoor climate was varied
over a repeated year of climate data for Göteborg, Sweden.
The indoor climate was based on Standard EN 13788 (CEN
2012), one of the possible climate inputs in WUFI 2D (Zirkel-
bach et al. 2013). This gave an indoor temperature of 22°C
(72°F) and an indoor moisture load of 4 g/m3 (0.23 gr/gal) for
outdoor temperatures below 0°C (32°F), decreasing linearly
with temperature to zero at 20°C (68°F). The vaportight film,
placed after the service gap in the walls, was chosen to have an
equivalent air diffusion layer thickness of 1500 m (4900 ft).

The daily average temperature and relative humidity in
the wall were monitored at eight different points, shown in
Figure 7. From the temperature, the critical relative humidity
for the wood elements was calculated according to Huuka and
Viitanen (2009) and the mold growth potential was calculated
as the quotient between the relative humidity and the critical
relative humidity. Thus, a higher value indicates worse mois-
ture conditions and a value above 1 indicates a risk of mold
growth.

The results from the simulations are shown in Table 5.
Walls 2a and 2b are the only walls for which the mold growth

Table 3. Thermal Conductivities Used for the

Thermal Analysis of the Wall Assemblies

Material
Thermal Conductivity

m·W/m/K Btu·in./h/ft2/°F

Gypsum board 200 1.39

Mineral wool 36 0.25

Wooden studs 90 0.62

Mineral wool board 33 0.23

Aerogel blankets 15.4 0.107

Table 4. Simulated WallThickness and

RelativeThickness Compared to Wall 1

Wall
Total Wall Thickness, t Thickness

Relative to
Wall 1 (%)mm in.

1a 432 17.0 100.0

1b 432 17.0 100.0

2a 256 10.1 59.3

2b 263 10.4 60.9

3a 255 10.0 59.0

3b 265 10.4 61.3

Figure 7 The eight measurement positions in the heat and
moisture simulations for the analyzed walls. This
is a schematic version of the walls in Figure 6. The
measurement points on the wooden studs were
measured on the surface of the studs. Walls 3a and
3b do not have the layer H1, which is why there
are no results for positions 3 and 4.
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Table 5. Resulting Minimum and Maximum Values for the Mold Growth Potential and the Relative Humidity

for the Different Positions in the Analyzed Walls

Wall Position

1 2 3 4 5 6 7 8

Wall 1a

MPmax, dimensionless 0.74 0.71 0.74 0.75 0.79 0.82 0.85 0.92

MPmin, dimensionless 0.56 0.56 0.31 0.28 0.45 0.51 0.43 0.47

RHmax, % 60 57 60 60 63 65 68 75

RHmin, % 45 45 25 22 36 41 35 39

Wall 1b

MPmax, dimensionless 0.71 0.74 0.74 0.75 0.78 0.82 0.85 0.92

MPmin, dimensionless 0.56 0.56 0.30 0.28 0.45 0.51 0.44 0.47

RHmax, % 57 59 59 60 63 65 68 75

RHmin, % 45 44 24 23 36 41 35 39

Wall 2a

MPmax, dimensionless 0.93 0.72 0.72 0.75 0.74 0.82 0.84 1.03

MPmin, dimensionless 0.68 0.59 0.46 0.28 0.49 0.59 0.48 0.41

MP > 1, d — — — — — — — 7 (3)1

RHmax, % 75 58 58 60 59 65 67 85

RHmin, % 54 47 37 22 40 48 39 36

Wall 2b

MPmax, dimensionless 0.74 0.77 0.71 0.76 0.73 0.81 0.85 1.02

MPmin, dimensionless 0.62 0.62 0.40 0.34 0.47 0.58 0.50 0.41

MP > 1, d — — — — — — — 6 (3)1

RHmax, % 59 62 57 61 59 65 68 84

RHmin, % 50 49 32 27 38 47 41 36

Wall 3a

MPmax, dimensionless 0.96 0.72 — — 0.69 0.78 0.82 0.95

MPmin, dimensionless 0.69 0.59 — — 0.47 0.55 0.47 0.42

RHmax, % 77 58 — — 55 62 66 77

RHmin, % 55 47 — — 38 44 38 37

Wall 3b

MPmax, dimensionless 0.74 0.77 — — 0.65 0.74 0.82 0.88

MPmin, dimensionless 0.63 0.61 — — 0.38 0.47 0.48 0.40

RHmax, % 59 62 — — 52 59 65 70

RHmin, % 50 49 — — 30 38 39 35
1Described as x (y) where x is the total number of days and y is the longest sequence of consecutive days.
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potential exceeds 1—it occurs for 7 days and 6 days, respec-
tively, with a maximum of 3 consecutive days for both walls.
This occurs at position 8, which for these walls is next to the
ventilated cavity behind the façade and thus close to outdoor
conditions. For the outdoor climate the mold growth potential
is more than 1 during 49 days of the year, with a maximum of
7 consecutive days. Therefore, outdoor wood is usually treated
against moisture damage and requires more maintenance than
wood inside the walls.

The mold growth potential maximums are visualized in
Figure 8. Both the various walls and the different data collec-
tion positions are shown.

Walls 2a and 3a characterize themselves with a high mold
growth potential maximum in position 1, close to the indoor
condition. In these walls, the wooden studs are positioned
alternately and, therefore, heat is let out from the point through
the load-bearing wooden stud while the indoor heat is stopped
by an aerogel layer. The temperature at the point decreases and
consequently the relative humidity goes up. A higher indoor
moisture load would increase the mold growth potential,
possibly above 1.

Position 8 seems to be the worst position for all walls
except wall 3a, where positions 1 and 8 have almost the same
maximum. It is in position 8 that walls 2a and 2b exceed the
mold growth potential limit of 1.

Wall 3b is the aerogel wall with the best moisture perfor-
mance in the simulations. Compared to the conventional walls,
walls 1a and 1b, the mold growth potential maximum in the
outer parts of the wall is lower for wall 3b but higher in the
inner parts of the wall. Though, as for walls 1a and 1b, the
mold growth potential is far below 1 in all positions of wall 3b.

CONCLUSION

For aerogel blankets, the apparent thermal conductivity
increases with thickness. This means that a compressed blan-
ket has a better thermal conductivity. On the other hand, the
total resistance of a blanket also decreases with compression
and, consequently, an uncompressed blanket has a higher ther-

mal resistance relative to the material cost. To model a wall
assembly with aerogel you would have to describe how the
blankets are simulated, compressed or noncompressed.

From a pure thermal analysis of the aerogel blankets, the
wall thickness of the studied load-bearing wooden stud walls
could be decreased by around 60% by using aerogel blanket
insulation instead of conventional insulation. The compari-
sons were made for a wall with a U-factor of 0.100 W/m2/K
(0.0176 Btu/h/ft2/°F) with 120 × 45 mm2 (4.7 × 1.8 in.2) load-
bearing wooden studs.

The heat and moisture simulations show that the position
of the aerogel blankets in relation to the thermal bridges is rele-
vant. The different aerogel blanket walls had a large variation
in the moisture performance; for some positions the moisture
condition was much worse than for the corresponding position
in the walls with conventional insulation.

Wall 3b is the aerogel blanket wall that has the best mois-
ture performance in this study (shown in Figure 6). The
wooden studs in the service gap and in the load-bearing layer
are positioned in line and a homogeneous layer of aerogel is
put on the outside of the studs, just behind the façade.

The worst wall layout was found to be wall 2a (shown in
Figure 6), for which the wooden studs in the service gap and
the load-bearing layer were alternated, with a homogeneous
aerogel layer placed in between. This construction had a high
mold growth potential, both in the outmost parts of the wall
and on the inside of the vaportight barrier. The performance
was much worse than the performance for corresponding posi-
tions in the walls with conventional insulation.
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NOMENCLATURE

A = area, m2 (ft2)

D = vapor diffusivity, m2/s

d = thickness, m (in. or ft)

G = mass flow, kg/s (lb/h)

K = thermal conductance, W/m2/K (Btu/h/ft2/°F)

MP = mold potential, dimensionless

P = pressure, Pa (mm Hg)

Q = heat flow, W (Btu/h)

RH = relative humidity, %

T = temperature, K or °C (°F)

U = thermal transmittance, W/m2/K (Btu/h/ft2/°F)

v = vapor content, kg/m3 (lb/ft3)

 = permeability, kg/Pa/s/m (perm in.)

 = thermal conductivity, W/m/K (Btu·in./h/ft2/°F)

= relative humidity, dimensionless

Figure 8 Mold potential maximums for the different
positions, shown in Figure 7, of the analyzed
walls. 
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Subscripts

a = air
aeb = aerogel blanket
crit = critical value
s = saturation
v = vapor
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