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1. Introduction

Thermal modeling has been performed for two different support facility roof designs.  The
object of the modeling was to determine whether a ventilated roof would be necessary to prevent
buoyant flow from moving off the top of the roof through the telescope light path.  The models
were also used to determine what roof surface coating would be most appropriate.  Steve
Hardash of Gemini TSBEG provided drawings of roof structural elements determined by
building code requirements and Mauna Kea environmental loading conditions.  Data from these
drawings were used to produce thermal models which were then solved to obtain the transient
temperature response of the structural elements.  Two model element temperatures are of
importance; the temperature of the outer surface of the roof and the temperature of air cells
constrained in the steel decking below the outer surface of the roof.  If either of these
temperatures are greater than the ambient air temperature during the night, and if there is a flow
path between the air constrained in the steel deck and the ambient air, then plumes of buoyancy
driven flow will exist over the support facility.

2. Environmental Conditions

2.1 Wind Velocity

The thermal modeling was performed for the 5th percentile value of the ambient wind velocity
distribution; 0 m/s.  Thus free convection is defined to exist between the outer surface of the roof
and the ambient air.  This is the most severe condition from the standpoints of both the
temperature response of the roof and any "seeing" caused by the roof surface.  This is because a
high wind speed results in a larger convection coefficient, which will drive the roof temperature
closer to the ambient air temperature profile.  The same wind will also tend to blow away any
plumes before they tend to pass through the light path.

2.2 Ambient Air Temperature

A smoothed thirty day average for the month of August 1992 was used to represent the air
temperature at the site.  The data was obtained from the UKIRT facility on the summit ridge of
Mauna Kea.  All of the temperature plots presented herein are referenced to this profile.

2.3 Environmental Radiation: Sky Temperature and Solar Loads

The model utilizes a sky sink element at a continuous temperature of 243 K.  Black body
view factors of unity are used for the radiative couples between the model elements representing
the horizontal roof outer surfaces and the sky.  The solar loads on the horizontal surfaces of the
roof were determined for the middle of August by utilizing data from the nautical almanac.  The
following table presents the surface properties of the three candidate coatings used.
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Table 2.1 - Surface Properties of Candidate Coatings

Material Solar Absorptivity Emissivity
White Ti-02 Paint 0.25 0.87
Lo-Mit  Paint 0.15 0.25
Asphalt 0.90 0.90

3. The Thermal Models

Table 3.1 list the important thermal properties of the model materials.

Table 3.1 - Thermophysical Properties of Model Materials

Material Density
(kg/m3)

Conductivity
(W/m C)

Sp.Heat
(W-hr/kg- C)

Steel 7854 60.5 0.12
Asphalt (Seal) 2115 0.062 0.25
Plywood 500 0.12 0.35
Roofing Insulation 265 0.050 0.35
Glass Wool (Batt) 30 0.03 0.23

3.1 The Roof Structures

Figure 1 shows a cross section through the ventilated roof formed by joining two sections of
20 gauge steel deck plate, hereafter referred to as the "two-deck" design.  The idea behind this
construction technique was to create cellular air volumes which could be forced ventilated to
control the roof temperature.  The outside surface of the roof is a 1/4" asphalt seal membrane
coat placed over 1/2" of exterior rated plywood.  The underside of the steel deck is covered with
3" of glass wool batt insulation.

Figures 2 through 5 present information on the steel deck plate, joist construction, and joist
and support column spacing.  This information is used to create the thermal model representing
the roof.  An important consideration for the roof over the plant room and workshop is that it
may one day become the floor of an expanded support facility.  Once the seal membrane and
plywood has been stripped off, concrete can be poured into the deck plate.

Figure 6 shows an alternative roof composed of only one layer of deck plate, hereafter
referred to as the "single-deck" roof.  The batt insulation below the deck plate depicted in has
been deleted and instead an equivalent thickness of rigid roof insulation is attached atop the deck
plate.  The insulation is then covered with the 1/4" asphalt seal membrane.
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Portions of the roof near the enclosure will be subjected to impact loads from falling ice.
Thus either roof option will require a protective barrier for the roof area near the enclosure.

3.2 The Thermal Circuits for the Roof Structures

The equivalent thermal circuits for the two different roof systems are presented on Figures 7
and 8.  The circuits present the thermal links between model elements for one square meter of
outer roof area.  As a worst case preliminary, the modeling assumes the air volumes inside the
steel decks are sealed and do not interact with the ambient air either passively or actively.  Thus
the modeling did not utilize any flow links acting on the air volumes around the steel deck plates.
If necessary, flow links would be added in subsequent modeling to determine the effect of fan
forced ventilation on the roof temperatures.

4. Results

Figure 9 shows the surface temperature of the two-deck roof for three different coatings;
None (asphalt only), White Paint, and Lo-Mit Paint.

• The white painted roof drops below ambient air temperature about one hour before sundown;
• The asphalt roof begins to drop below the ambient profile about an hour after sundown;
• The Lo-Mit painted roof passes through the ambient profile four hours after sundown.

Figure 10 shows how the temperature of the air cells in the two-deck roof vary with time for
the three different roof surface coatings.

• Air cells in the steel deck below the white coated surface cool the fastest.  The air cell
temperature profile for the white coated surface drops below ambient four hours after
sundown;

• Air cells for the uncoated (plain asphalt) surface cool below ambient air at midnight;
• Air cells for the Lo-Mit coated surface never drop below the ambient air temperature.

Figure 11 shows the surface temperature of the single-deck roof for the three different
candidate coatings.

• The maximum daytime and minimum nighttime temperature values remain the same as those
for the two-deck roof of Figure 9;

• The white covered single deck surface behaves the same as the white covered two deck
surface;

• The asphalt covered single deck surface cools about an hour faster than the asphalt covered
two deck roof;

• The Lo-mit covered single deck roof cools two hours faster than the Lo-m’t covered two-deck
roof.
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Figure 12 shows how the temperature of the air cells in the single-deck roof vary with time
for the three different roof surface coatings.  Because an equivalent thickness of insulation has
been removed from between the deck steel and the facility room air (Figure 1) and placed atop
the deck (Figure 6), the deck air cell temperatures become equivalent to the facility room air
temperature.

• The roof air cell temperatures for all coatings never deviate more than 2 C from the
temperature of the room air inside the facility (21 C).

5. Conclusions

• White paint is the only surface coating that will drive the outer surface temperature of either
candidate roof design below the ambient air temperature profile before sundown, and thus
prevent buoyant flow off the roof during the nighttime hours;

• Provided the roof is white coated, no force ventilation of the air cells in the two-deck roof
will be required;

• Because force ventilation will not be required, the complexity and additional expense of the
two-deck roof design will not be required;

• A white coated single deck option should be selected for the support facility roof.

Given a white coated single deck roof design, special consideration must be given to whether
the insulation atop the single deck adjacent to the enclosure can withstand the impact of ice falls.
The addition of an additional stiff membrane or barrier atop the insulation near the enclosure will
be required.  The use of a suspended open steel deck grate is suggested as a means of smashing
up large chunks of ice which could otherwise damage the upper roof membrane.  Emphasis must
also be placed on how easily the material above the deck plate can be stripped in the event those
sections of the roof above the plant room and workshop becomes the floor of future heated rooms
in an expanded support facility.  Finally, the roof must be well sealed about its outer perimeter to
prevent the air constrained within the steel deck from rising upwards at night.
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Figure 1.  The “two-deck” Ventilated Roof
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Figure 2.  Steel Deck Details
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Figure 3.  Steel Deck Details
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Figure 4.  Joist and Support Column Details.
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Figure 5.  Joist and Support Column Details
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Figure 6.  The Single Deck Roof.
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Figure 7.  Two Deck Roof Thermal Circuit
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Figure 8.  One Deck Roof Thermal Circuit
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Figure 9.  Two Deck Roof Surface Temperatures
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Figure 10.  Two Deck Roof Air Cell Temperatures
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Figure 11.  Single Deck Roof Surface Temperatures
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Figure 12.  Single Deck Roof Air Cell Temperatures


