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OBJECTIVE To calculate:
a) The thickness of three types “insulating coatings™ and one
traditional glass wool insulation required to reduce the heat
loss of a simple heated system, held at 180°C by 90%.

b) The thickness of three types “insulating coatings™ and one
traditional PUR insulation required to reduce the heat gain of
a simple cooled system, held at 10°C by 90%.
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Details of the systems used for the comparisons
1) The overall assumptions of the calculation methodology are shown in Figure 1
2) The process container comprises a vertical, 5 mm thick, 2 metres high steel plate

3) The heat loss and heat gain calculations were carried firstly without any insulation and then
insulated with the products specified in Table 1.

4) The internal surface temperature of this container was assumed to be the specified process
temperatures — that is, the internal heat transfer processes were ignored.

5) The system has been assumed to be standing in still air at 20 °C for the heat loss situations
and in still air at 25 °C in the heat gain situations - so natural convection processes have been
assumed.

6) The surroundings are assumed to be much larger than the system under investigation and so
the surrounding area has been approximated to a blackbody.

7) The temperature of the surroundings have been assumed to be the same as the ambient air
temperature — that is 20 °C and 25 °C as appropriate.

8) The system is indoors - there is NO solar gain component.
9) The calculations were carried out under 1D steady-state conditions.
10) Both convective and radiative heat loss & gain have been included in the calculations.

11) All the systems have been assumed to have an external emissivity of 0.9 except for product
“A” which has an emissivity of 0.85.

12) The convective and radiant heat transfer coefficients were calculated from the system
parameters, not simply taken from tabulated values.

13) The comparisons made are:
a) Heat loss situation: Between stone wool slab — 100kg/m? and systems A, B and C when
the process temperature is 180 °C with an ambient air temperature of 20 °C.

b) Heat gain situation: Between polyurethane / polyisocyanurate - 35kg/m? (aged) and

systems A, B and C when the process temperature is 10 °C with an ambient air
temperature of 25 °C.

14) In each case, the insulation thickness required to reduce the heat loss or heat gain to 10% of
the uninsulated heat loss or heat gain has been calculated.
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Properties of the insulation systems being compared are given in Table 1
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Table 1 Product data
Product Product Density A Emissivity
name type
Ww/m.K

A "Insulating coating" 0.623 kg/litre 0.0698 0.85
B "Insulating coating" 0.56 kg/litre 0.085| 09N
c "Insulating coating" containing Aerogel | 0.5to 0.9 g/cm® 0.045| 091

Stone wool slab -
100kg/m? Stone wool slab. 100 kg/m? equation? | 09"

polyurethane /

polyisocyanurate -

35kg/m? Rigid Polyurethane / polyisocyanurate 35 kg/m? 0.026 | 0.9W

Note [1] These values have been assumed
Note [2] Equation A = 0.0000006T? - 0.0000082T + 0.0417839
Where A = thermal conductivity (W/m.K)
T = mean temperature (*C)

Description of the calculation methodology
The method used was an iterative procedure carried out manually using an EXCEL Spreadsheet.
Screen shots of the one of these spreadsheet calculations are shown in Figures 2 and 3.

The Convective Heat Transfer Coefficient (hc) was calculated from the Nusselt Number, the thermal
conductivity of air and the height of the container surface. The Nusselt Number was calculated from
either Equation 1 or 2 I'! using the Raleigh Number as the criteria. All the air properties were
calculated at the mean air temperature which is the mean of the system surface temperature and the
ambient air temperature.

0.67 Ra}'*

— -1 9 :
Nu, = 0.68 + e @asz/pry P For 107" < Ra; < 10° .... Equation 1
Null? = 0.825 4 — 937 RaL" For 10! < Ra, < 10%? .... Equation 2
[1+ (0.492/Pr)/ 1ﬁ]"’ 27 L
Where Nu,, = Mean Nusselt Number
Pr = Prandtl Number
Ra = Rayleigh Number
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The Radiation Heat Transfer Coefficient was calculated using Equation 3.

h,= 6.e.F.(T} = TH/(T - T,) ..... Equation 3
Where o = Stefan — Boltzmann constant

& = emittance of the surface

F = View factor (assumed to be 1)

A =Area

T, = Temperature of system outer surface (K)
T, = Temperature of surroundings (K)

The calculation procedure is based on the fact that the heat transferred through the insulation will be
equal to the heat lost or gained from the surface by convection and radiation (see equation 4).

Q= A2, = a3, ’"3;—‘“ =Ah, (T1— T + AR (T1—T3) ... Equation 4

Where:

@ — heat flowrate W

As — Thermal conductivity of steel W /(m.K)

A; — Thermal conductivity of insulation W /(m. K)

h. — Convective heat tranfer coef ficient W /(m?2.K)

h. — Radiation heat transfer coef ficient W /(m?.K)

To — Process temperature (°C)

T3 — Process container or inter face between steel & insulation temperature (°C)
L, — Container wall thickness (m)

L; — Insulation thickness (m)

Because As, A, he, hr are temperature dependent properties there is a need to calculate the interface
and surface temperatures to be able to evaluate them at the appropriate temperature. A spreadsheet
was therefore set up to calculate all the relevant properties from the input data. The external surface
temperature of the process container (insulated or uninsulated) and the thickness of the insulation
are input manually. The iterative calculation procedure is then carried out as follows (one of the heat
loss situations is shown in Figures 2 and 3 for illustration purposes):

Calculation procedure for the uninsulated situations
1) For the uninsulated situation the thickness of the insulation is set to zero

2) Input an estimated value for the surface temperature of the process container

3) The spreadsheet uses that value to calculate all the relevant properties and then calculates the
surface and interface temperatures based on that estimated value,

4) The manually entered surface temperature estimate is then changed until the estimated value
and the calculated value are the same,

5) That value now gives the correct density of heat flow rate (W/m?) through the process
container wall.
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6) Calculate 10% of that density of heat flow rate. This is the target value when insulated.

Calculation procedures for the insulated situations
1) For the insulated situation the thickness of the insulation is estimated and manually input.

2) Input an estimated value for the surface temperature of the process container

3) The spreadsheet uses those values to calculate all the relevant properties and then calculates
the surface temperature and the density of heat flow rate based on those estimated values.

4) The manually entered estimated insulation thickness is then changed until the density of heat
flow rate equals the target value.

5) The manually entered surface temperature estimate is then changed until the estimated value
and the calculated value are the same.

6) Steps 4 and 5 have to be repeated as each value effects the other.

7) Theinsulation thickness value now gives the correct density of heat flow rate (W/m?) through
the process container wall which now equals the target value

Calculation results

Thermal Surface Temperature
a) Process temperature b} conductivity | temperature | drop across
Envircnment temperature ¢) HeatLOSS | HEATLOSS | of steel & of steelor | the steelor
situation insulations | Insulation insulation
(W/m.k) {°c) {'c)
Process temperature 180°C
Environmental air temperature 20°C
Heat loss rate from uninsulated steel vessel 2858.2 W/m’ 50 179.71 159.71
Heat loss rate from steel vessel after reduction of 90% 285.82 W/m®
Thickness of stone wool stab - 100kg/m* to reduce heat loss rate by 0% 2.4/ mm 0.0487 48.21 13179
Thickness of Product A to reduce heat loss rate by 90% 320 mm 0.0698 48.99 13101
Thickness of Product 8 to reduce heat loss rate by 90% 39.2mm 0.0850 48.21 131.79
Thickness of Product C to reduce heat |oss rate by 50% 0.7/ mm 0.0450 48.20 131.80
Thermal Surface Temperature
a} Process temperature b) conductivity | temperature | drop across
Environment temperature c) Heat GAIN | HEAT GAIN of steel & of steelor | the steel or
situation Insulations | insulation insulation
{W/m.K) {°C) (’c}
Process temperature 10/°C
Environmental air temperature 25°C
Heat gain rate from uninsulated steel vessel -128.03 Wlm’ 50 10.01 -0.01
Heat loss rate from steel vessel after reduction of 90% -12.80/W/m’
Thickness of polyurethane / polyisocyanurate ~35kg/m? to reduce heat gain by 90% 26.8 mm 0.0260 23.22 -13.22
Thickness of Product A to reduce heat gain rate by 90% 717 mm 0.0698 23.15 -13.15
Thickness of Product B to reduce heat gain rate by 90% 87.8/mm 0.0850 23.22 -13.22
Thickness of Product C to reduce heat gain rate by 90% 46.5 mm 0.0450 23.22 -13.22
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Figure 1 Overall assumptions of the calculation methodology
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Figure 2 The spreadsheet calculation method — Part I
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Figure 3 The spreadsheet calculation method - Part 2
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