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Abstract

We present 4 cases:

|. A sealed housing around the HIRES instrument
Il. A "bubble” of dome air entering the sealed
housing

lll. Transient heat source:
1. An astronomer for 1 hour

2. All motors running during a typical setup.
IV. No enclosure at all.

We conclude that Case | is an acceptable design, that
Case Il is g tolerable condition, that Case Il shouid
be minimized or avoided and Case |V is un—acceptable.

For Case |, the time constant for an increagse of 1°C
to the dome air temperature (instantaneous) is 9 hours.

We list the assumptions made and include o scale drawing
of the actual housing.

H6409.A 3-19-90 j.o.
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CASE |

.7, =T, =T, =T, =T, = 0C
2. Too AND T, CHANGE TO 1°C VERY QUICKLY.
HEAT FLOW RATES:

1. POLYURETHANE FOAM:

Q; = (T,=Ty)k,A,/Ax, k, =0.01 Btu/hr—ft—"F
AT = 1.8F
A, = 1200 ft?

Ax,= 4" (0.33ft)
Q, = 65 Btu/hr  x 0.29 = 19 Watts
2. STEEL DOOR FRAMING:

Q, =n(T,—T,)k,A,/Ax, k, =31 Btu/hr—ft—"F
AT = 1.8F
A, = 0.04 ft?

Ax,= 6" (0.5ft)
n = 8 joints

Q, = 54 Btu/hr x 0.29 = 16 Watts

3. COPPER WIRES:

Qs =n(5" =T, )k3A;/Ax; :3 =223 Btu/hr—ft—F
T

9F
Axy= 10"

A= 0.00008 in’

n = 9457 WIRES (30 ga)

Qs = 13 Btu/hr x 0.29 = 4 Watts

4. AIR INSIDE ENCLOSURE:
Q. = h A (T,-T,) AT = 1.8F
A = 640 ft?
h = 0.23 Btu/hr—ft>—F
Q, = 262 Btu/hr (Greater than Q,+ Q,+ Q,so set
= Qi+ Q,+ Qs)

Q, = 132 Btu/hr x 0.29 = 38 Watts

i

H6407.8 3-19-90 j.o.




5. SUPPORT ELEMENTS:

Qs = (Ta=Ti)ksAs/Bx5 ks = 31 Btu/hr—ft—°F
AT = 1.8F
As = 0.07 ft* (2"¢ x 3)
Axs= 0.5 ft

Q, = 8 Btu/hr x 0.29 = 2.3 Watts
HEAT FLOW TIMES:

1. OUTER-TO—-INNER WALL:

Q;=Q, +Q,+ Q, =132 Btu/hr = 39 Watts
ASSUME Qr CONSTANT.

USE Q;At = m,c,AT  WHERE At = time

mzczAT
Qq

At = m, = 1250 Ibs

c; = 0.1 Btu/Ib—F, STEEL
AT = 1.8F
. (1250)(0.1)(1.8)
(132)
2. HEAT FLOW TO INSTRUMENT:

= 1.7 HOURS

Q; = Q, + Q = 140 Btu/hr = 41 Watts
ASSUME Q; CONSTANT.

at = MaCelT m, = 6000 lbs
Qy cs = 0.1 Btu/Ib—F, STEEL
AT = 1.8F

At o (8000)(0.1)(1.8)
(140)
Aty = 1.7 + 7.7 = 9.5 HOURS

= 7.7 HOURS

H6407.B 3-19-90 j.o.
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CASE II:

1. Te=T, =T, =T, =T, =0¢C
2. A "bubble” of dome air is admitted
from the dome. The "bubble” is half

the volume of the 'HIRES' enclosure.
The "bubble” is 1°C warmer.

Assume that the bubble is mixed immediately and the 6000
pound instrument comes to equilibrium with the new air.

( m ¢ )oir AToir

( m E )instrument

AT =

m_, = 1400 cu.ft. x 0.07 Ib/cu.ft

m .= 100 Ibs
Coir = 0.24 Btu/Ib—"F
AT, = 1.8F

Minstrument = 6000 Ibs
C instrument = 0.1 Btu/lb-—-—'F

AT = 0.07°F (0.04C)

This is tolerable for any time period.

H6407.A, 10-13-89, j.o.
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CASE |l

1. One human enters...

Sirmilar to Case Il, but instead of a bubble of
warm dome air, a heat source is applied for a
period of time. An astronomer is estimated to
produce B0 watts*. For this case we assume
a 1 hour time period. We assume this heat all
goes into the instrument. (80 watt—hours)

A7 - QA
mc
AT = 273 Btu/hr x 1 hr
6000 Ibs x 0.1 Btu/Ib—"F
AT = 0.46°F

or AT = (0.25°C

The conclusion here is that this is worse
than a "bubble” and should be minimized. In fact,
this effect will probably be accompanied by 2
"bubbles”, once upon entering and once upon
exiting the housing. The time constant will be
on the order of 2 hours.

2. All motors run during setup...
A servo motor is 28 volts x 0.4 amps x 10 sec
This is 0.03 watt—hours. All 13 servo motors running
to initiglize the instrument produce 0.4 watt—hours.

This will raise the temperature 0.001°C, which
is tolerable.

* Attributed to George Herbig as a rule of thumb.
80 watts is 273 Btu/hr.

HE6408.A, 10-17-89, |o.
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CASE |V

.
To e

6000 Ibs

We feel that this case has a short time
constant; on the order of a few hours.
If T, changes 1°C, the instrument will
de—focus badly.

H6408.B 3-19-90 jo.




THERMAL MODELLING—ASSUMP TIONS

1. All caleulations assume iso—thermal instrument
conditions, that is, as the 6000 Ib instrument is
heating or cooling, it is all at the same temperature.
This is not o bod assumption since the conductivity is
large compared with the small temperature differences

involved.

2. Convection in air is the dominant heat transfer mode.
See Appendix 3 for details of the calculations.

3. The real formula for T(t) during conductive heat

T_‘ Too —T t

t fer is:
rans i To—Ton
We have assumed a constant AT and so have a linear
volue of T(t). This is easier to use in the models and
gives shorter time periods for heating or cooling.

HIRES

MODEL REAL HEATING
— OR COOLING
[}

E
o

— & I
€ ||
g |1

t —m= (time)

The time constant, T, is the time it takes for AT to
get to be about 1/3 of the original AT.

4. We have assumed that convection heat transfer is

driven by 4 vertical walls and their height is 10 feet.
The total area is 640 sq. ft.

H6408.B 3—-19-90 j.o.




The part of HIRES which is affected most by a temperature
change is the Schmidt camera detector focus. The camera

mirror has a focal length of 30" and this will chonge by the
coefficient of expansion of Pyrex. The structure holding the

mirror and detector is made of steel elements and will thus
change a different amount since the coefficient is different.

The relative change is then AL = LATAx

where  Ad = Qgiee| — AP yrex

dgteel = 6.5 x 10 "Sin/in—F
Apyrex = 1.4 x 1076 in/in—"F

and Ax = 5.1 x 10_6in/in—'F
or Aa = 9.2 x 10" 8 in/in~C

We have assumed that detectors with 15 micron pixels will
be used. The Schmidt comera is opproximately F/1.

A 1'C temperature change will produce a de—focus of -
0.00028" (0.46 pixel), See accompanying drawings. Occurring
instantaneously, this would be noticeable.

Our Case | model says that this de—focus amount will

take 9.5 hours. The de-focus rate would be about 0.05
pixels/hour, This is tolerable.

We assumed that relative motion between slit and collimator
would cause a smaller effect than the Schmidt comera focus
change.

H6408.B 3-19-30 j.o.
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HIRES testing at UCSC:

We will be running HIRES in its enclosure for about 1 year
prior to shipping to Hawaii. The temperature excursions in
Santa Cruz will be much larger (e.g. 25°C in one day)
and so we will see faster de—focus rates. T, will be about
20°C.

Q

Q

could be 1625 Btu/hr (477 Watts)
could be 1350 Btu/hr (396 Watts)

1

2
03 will be O

and Q, could be 3000 Btu/hr (880 Watts)

The time constont for the inner skin would be 1.64 hours
(to increase 25°C) and the time constant for the instrument
would be 9 hours (to increase 25°C) and the de—focus

rate would become about 1 pixel/hour.

We will study the behavior of our thermal model while the
entire spectrograph system is being tested at UCSC,

H6409.A 3-18-90 jo.
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Appendix 1: Convective Heat Transfer

Values Reference
0.23 Btu/hr—ft?="F Holman

0.22 McAdams
0.13 Gebhart

The published data for heat transfer coefficients all were
obtained with much larger temperature differences than we
have here, and so we feel these values may be much larger than
we will see in practice (AT = 1°C). Nevertheless, the biggest value
of 0.23 was used in this report.

According to McAdams, we are in the turbulent boundary layer
condition (transition from laminar happens 8 feet up the wall).
In this region, GrPr > 10° and

1/3
h = 0.19 (AT)/

Where Gr (Grashoff Number) = gﬁ(Tw—'l;m)lf
V
and v = kinematic viscosity = "L/p
# = dynamic viscosity, 0.0427 Ibm /hr—ft
p = density (20°F), 14,000 ft, 0.056 lbm/ft?
g = 32.2 ft/sec?x (3600 sec/hr)?
B = vol. coef. of expansion, 1/R' = 0.002
L = 10 feet

and Pr (Prandtl Number) = 0.712 (50°F)

The alignment chart on the following page was used to obtain
the McAdams value for h,

H6409.A 3-19—-90 jo.




NATURAL CONVECTION 170

Touloukian et al.% reported data for a heated vertical cylinder inside
a1l unheated cylinder containing liquid; the diameter ratio was 4.4, The:
heater had unheated cylinders at both ends. o -

he At Py

Liguids Gases Liguids | Gases -
700 1 300-] - ;
600 006000 :
W .
S %00 200F 5000000
Temp DegF § 400 vt A
Liguids| Gases b 2000000,
el 3 300 800000,
50 ~4—400 o 100 600,090\.
60— _200 200 . 804400000,
10 L B
80~-200 §l7 A ~ 6042200000
90 -1 t ,-—o" ."_""--.._l_~__. . PR SR
100100~ TG 5 00 8 100-F T = 40-E100000/
' Hg Too = s 180 i~ %00 |
— et PO &
304 T 15;25;..}} 70 0 e
}ggf—-—-wo ‘So'zl|' o ‘ gg : i
160—- W Wy 20 20000
{80 2 B 0 -
— 2 : - S E oo
190 }-~200 20 g
200— - : i
210 - 10 6000
20 - §a—-4000
I .
Wl LIquiD i 2000
77 Acetic Acld
[0l Acatone | 4 - 1000,
26| Aniline 800
{4 Benzene 3 600 -
73in-Butanol 400
1T T€arbon Disulphide
751 Corbon leirachloricle 7 -3 :
[Ethanol JS‘?. GAS 200
Wl Ethyl Acetate Alr .
i41Ethyl Ether 8] Ammonia / Mean Temperafure - 100
vdrochioric deid 30% | [12]Carbon Dioxide fiof Film-~DegF a0
5 Me;hapol 8 gaabon Monoxide . Film Coefficient 60
9in-Pentane yarogen
S huric. Actd 0% | [4[Methane Btu/(r)Ga M)lend) 40
TiSuiphuric Acid 98% 9[Nitric Oxide 4t g.efaﬂ Tempe[;m‘uge
6 Sulphuric Acid 60% b|Nifrogen ifference -Deg 20
| Teluene 5 0xyaen P Absolute Pressure of
2iWwater 13 Water Gas-Atmospheres

‘F1a, 7-9, Alignment chart® for h, with a {urbulent boundary layer of air Jyr liquid on

lertical surfaces, based on Eq. (7-4a), for X1, = Nars + Npny from 108 to 1012,

i Note that Fig. 7-11 is for &, with a laminar boundary layer on a horizonal cylinder,.
‘baged on Eq, (7-8b), for X p from 10? to 10° For vertical surfaces with jf;, from 108
to 104 uge Fig. 7-11, taking D' equal to 2L’ /r, expressed in inches. ‘ e

+ Tor Xy below 10¢, use recommended curve on IFig. 7.7, With molten ‘metals and

fused salts, use Eq. (7-3a),

11, HORIZONTAL CYLINDERS

- Theory, Temperature and velocity fields near a heated horizontal
cylinder have been measured by J odlbauer.’” These results have been
roughly predicted from theoretical considerations by Hermann;!® for
Grashof numbers exceeding 10¢, Hermann predicts hoDo/ks = 0.37Ngps"%
for natural convection from single horizontal cylinders to diatomic gases
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Figure 10-4 Average monthly maximum and
minimum temperatures and extrema. 1970 to 1978.
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Figure 10-8 A typical 2 day temperature profile from the CFHT.
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