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ABSTRACT

A study was performed to devélop a conceptual design for a "kit" freezer
for operation onboard Shuttle missions. This study was performed for
NASA-JSC, Crew Systems Division, under Contract NAS 9-13965 by the Boeing
Rerospace Company in conjunction with the LTV Aerospace Corporation. The
freezer under study features a self-contained unit which can be mounted in
the Orbiter crew compartment and is capable of storing food at launch and
returning with medical samples. Packaging schemes were investigated to
provide the optimum storage capacity with a minimum weight and volume
penalty. Several types of refrigeration systems were evaluated to select
one which would offer the most efficient performance and lTowest hazard of
safety to the crew. Detailed performance data on the selected, Stirling
cycle principled refrigeration unit were developed to validate the feasibility
of its application to this freezer. Thermal analyses were performed to
determine the adequacy of the thermal insulation to maintain the desired
storage temperature with the design cooling capacity, and stress analyses
were made to insure the design structure integrity could be maintained over
the Shuttle flight regime. A proposed prototype freezer development plan
is presented. ' '

KEY WORDS
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Heat Rejection Thermal Insuiation
Medical Sample Storage Thermal Modeling
Orbiter Storage Module Thermoelectric
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1.0 SUMMARY

This report documents the results of a study conducted to develop a concepfua1
"kit" freezer to be used to store food and medical samples on long duration
Shuttle missions. The design described is a portable unit weighing 70 pounds
which can be transported fully assembled through Qrbiter side hatch and '
mounted in the crew compartment on the storage module support system. A
storage volume of 4.6 cubic feet with a capacity of 215 pounds of packaged

food or 128 pounds of medical samples can be maintained at an average '
-temperatune of -10°F, Refrigeration is provided by an air-cooled unit
utilizing a Stirling cycle principle to develop 75 watts of cooling with a
peak electrical power requirement of 211 watts.

Results of thermal analyses conducted to evaluate the steady state and
transient storage volume temperature distributions and critical stored item
and componenf temperatures are presented. Data are also given which describe
the effects of coolant tubing spacing on wall temperature distribution.

Drawings were prepared to provide a detailed illustration of the mechanical
and structural concepts employed in the freezer design and to validate
packaging schemes and dimensional tolerances. Stress analyses of critical
structural areas were made to insure freezer structural integrity could be
maintained during all phases of the Shuttle mission.

1-1
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2.0 INTRODUCTION

The desirability for a varied food diet on long duration missions, which
cannot be achieved by rehydrated meals, is recognized. To provide facilities
for the frozen stofage of whole food jtems &as well as medical samples on
board the Shuttle Orbiter, Crew Systems Division was requested by the Life
Sciences Directorate to determine the feasibility of a freezer "kit" which
would not be permanently mounted but which could be readily installed on
board the vehicle for selected orbital missions. The task of developing a
conceptual design for such a freezer was assigned to the Boeing Aerospace
Company to be integrated into the Crew Appliance Study (Contract NAS 9-13965)
in progress at the time. In conjunction with Boeing's work, LTV Aerospace -
was assigned the responsibility to investigate potential refrigeration units
for cooling and to provide a conceptual design compatible with the freezer
reguirements.

The freezer volume is Timited by the volume which can be passed through the
Orbiter side hatch and by the crew equipment storage module dimensions.
Because of this limitation, the design storage volume was minimized by
uti]iziné the emptied food storage volume as medical sample storage space.
Limitation of volume also curtailed the amount of thermal insulation which
could be employed. Because the insulation thickness was less than optimum,
a detailed thermal analysis Qas conducted to insure the design thickness.
was adequate to maintain the required storage temperature for expected heat
leakage and thermal perturbations with the cooling capacity available.

Orbiter cabin air was used as the heat sink medium for the refrigeration
unit because of the restriction of freezer location in the crew compartment
demanded by liquid cooling. An optimization process was conducted to select
the refrigeration concept which would provide the necessary cooling with
minimum weight, volume, and electrical power requirements, and expose crew-
members to the minimum hazard of safety.

2-1



D2-118568

_3.0 FREEZER DESIGN REQUIREMENTS

Primary design requirements of the freezer are that it be a portable
appliance which can be easily installed and removed, that it provide
storage capacity and restraint for a designated amount of food and medical
samples, and that the storage space be maintained at a particular thermal
environment. The design must be such that it has a minimum of interface
requirements with Shuttle systems and require no penetration of the
Orbiter cabin pressure wall. Food and medical samples must be stored

to provide isolation from one another. And the freezer must operate in
the environment of the Orbiter crew compartment. The design mission
duration is 30 days and the number of crew members is seven (7).

3.1 FOOD STORAGE REQUIREMENTS

Frozen foods to be stored in the freezer are common foods such as meats,
'_vegetables, fruits, and ice cream which will augment the normal Shuttle
crewman's diet of rehydrated dried foods. The food volume and weight
requirement is derived from an average of two {2) frozen servings per day
per crewman for an entire 30-day mission {a total of 420 servings). Each
serving will have a packaged dimension of 4" x 4" x 1". The total food ‘
weight and volume requirements derived from these specifications is 215
pounds and four (4.0) cubic feet, respectively.

Food will be held at -40°F prelaunch and stowed in the freezer initially
at this temperature. The freezer will maintain food items at an average
temperature of from 0°F to -20°F.

3.2 MEDICAL SAMPLE STORAGE REQUIREMENTS

Samples of each crewmember's urine and feces are to be collected during
the entire Orbiter mission duration and stored in the freezer for return
to earth. Urine samples are collected continuously from all crewmen and
placed into the freezer once a day. Urine is assumed produced at a rate
of 120 milliliters (ml1) per crewman per day or for the seven (7) man crew

a dajly urine pool of 840 ml will be generated. Packaged weight for this
pool is 2.72 pounds. ’

3-1
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Feces samples are to be taken from each crewnman for each defecation

(assumed to occur 1.5 times/day during the 30-day mission). of an. approxi-

mate feces weight of 150 grams per defecation per crewman, 25% will be

frozen as a medical sample. Packaging weight for each sample is 100 grams.

These samples will be placed into the freezer as they are collected and not

" pooled. Total daily packaged sample for seven (7) crewmembers will weigh
1.55 pounds. ) -

"Based upon thé above descriptions the maximum expected medical sample weights
and volumes collected during a 30-day mission are: .

Neight (1b.)  Volume (ft3)

Urine 81.6 1.75
Feces 46.7 0.88
Total 128.3 2.63

Weights and volumes shown include amounts for packaging.

3.3 FREEZER OPERATING ENVIRONMENT

The freezer is to be designed for operation within the Orbiter crew com-
partment. Compartment atmospheric pressure is 14.7 psia at 80%F and with
& dew point of 50°F, .

Imposed steady and dynamic accelerations are summarized in Table 3-1 (from
Reference 1 ). '

Figure 3-1 illustrates the Orbiter coordinate axis system and defines the
sign convention utilized.

3-2



CTABLE 3-1

Mission Phase
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ORBITER STEADY AND DYNAMIC ACCELERATIONS

Longitudinal (X) . Transverse (Y or 2)

o - o o i e Wl e o Sl < W A AL i S s S g S et vk P s

Steady (9) Dynamic.(g) Steady (gq) Dynamic (g)

IAfe-off

A v A8 et e b Y i b R A s - -

-1.70 +4.09 ~0.10 (%) 2100
. 20.10(p
Booster Max. =3,00 £0.25 =-0.30(3) +0.25
Acceleration e e e e
SRB Staging ~1.00 £3.00 -0.28(2) +1.00
Orbiter Max. -3.00 £0.25 T ~0.68(2) +0.25
Acceleration .

. ET Separation - . - T 0.03(2) -
Orbiter AOA Separation - - . ) 0.03(7) -
*, RTLS abort Separation TBED TBD TBD TRD
Space Operations T 40.02 - £0.02(n) -

- i -0,08 ) £0.08 (%)
Entzy 1.60 ~ - T 2.50(3) Tl
Flyback TBD . TBD TBD TBD
Landing/Taxiing/ TBD TBD TBD TBD
Braking -
ORIg
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4.0 FREEZER VOLUME OPTIMIZATION

Because of the critical space Timitations of the Orbiter crew compartment
and the shape constraints created by the Orbiter side hatch opening and
potential mounting.configufﬁtions, an optimization effort was conducted to
provide a freezer envelope which would make the most efficient use of the
space available. This optimization was accomplished by first determining
the most efficient freezer compartmentation arrangement and then defining
the envelope within which the freezer must be designed.

4,1 STORAGE COMPARTMENT OPTIMIZATION

The requirement for separation of food and medical sample items necessitates
a storage volume which is larger than that required to just provide food
storage. With unlimited volume accommodations the freezer volume would

be compartmented for separate food storage and medical sample storage
volumes. This would require a total freezer storage volume of 6.63 cubic
feet (4 ft3 for food and 2.63 ft3 for samples). However, by utilizing the
food storage volumes being emptied during the course of the mission as
medical storage space, the total freezer volume requirements are much less.

Assuming constant food consumption and medical sample generation rates, the
storage volume requirements versus mission time are as plotted in Figure 4-1.
Because of the required separation and because medical samples are to be
generated and stored during the first day of the mission, the freezer must
be Taunched with an empty volume. The objective of the optimization is to
- reduce this empty volume to the Towest practical value.

Using these characteristics, five compartmentation options {(described in
Table 4-1) were investigated. As indicated by the volume totals Tisted in
the table, configuration option #5 requires the smallest storage volume of
4.6 ft3 using four (4) different sized compartments. This volume can be
reduced further by the use of even more compartments; however, the size of
the empty compartment becomes impractical as does the number of compartments.

4-1
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e TABLE 4-1
OPTIMIZATION OF STORAGE VOLUME COMPARTMENTS

0 NEED MINIMUM OF 4 FT3 OF FOOD STORAGE PLUS MUST ACCOMMODATE 2.6 FT> OF MEDICAL SAMPLES
0 SHOULD MINIMIZE STORAGE VOLUME. FOR MORE EFFICIENT FREEZER THERMAL OPERATION AND LESS WEIGHT

3 COMPARTMENTS . 4 COMPARTMENTS
2 COMPARTMENTS S EQUAL SIZE 4 EQUAL SIZE WITH OPTIMIZED  WITH OPTIMIZED

COMPARTMENTS COMPARTMENTS VOLUMES VOLUMES

INITIALLY EMPTY MEDICAL
SAMPLE COMPARTMENT 2.6 2.0 : 1-1/3 1.1 : 0.6
VOLUME (FT3) _

FOOD 4.0 2.0 1-1/3 1.6 1.0
COMPARTMENT - 2.0 1-1/3 2.4 1.4
. VOLUMES (FT®) _ : - 1-1/3 - 1.6

TOTAL FREEZER - !
STORAGE  VOLUME 6.6 6.0

5
H

695811-20



P2-118569

VOLUME (FT°)

MISSION TIME
_ (DAYS)

r
S
, L]

Figure 4-1. Food Usage arid Medical Sample Production

The 111 and empty sequence begins with the 0.6 ft3 empty volume being
filled with medical samples as the smallest food storage volume (1.0 ft3}
is being emptied. These volumes are sized such that a food storage volume
is completely empty as the sample volume is completely full; then medical
samples are placed into the empty food storage volume. This sequencing is
continued during the duration of the mission with the remaining three food
storage volumes. '

4.2 FREEZER ENVELOPE DEFINITION

Two dimensional constraints were considered in defining the freezer envelope:
(1) the crew equipment storage module dimensions and (2) the side hatch
opening. Equipment storage modules have standard external dimensions and .
mounting fixtures and are to be mounted in arrays on both the forward and
aft bulkhead of the Orbiter crew compartment. Location and arrangement of
the modules is illustrated in Figures 4-2a and 4-2b." The modules are

4-3
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mounted on posts, which extend from the Orbiter floor to ceiling, using
fasteners located at each corner of each module. As seen in Figure 4-2a,
when in place the stbrage modules form the forward bulkhead of the crew
compartment. Each module is independently mounted and can be individually
removed; however, if a module is omitted, a close out panel must be in-
stailed to insure the composite strength of the entire storage module
system. Modules are independently supported (do not rely on the floor

or other modules) and are separated from ajacent modules by 3/8 inch on
all sides.

A drawing giving the dimensions of a single storage module is shown in
Figure 4-3. The module is to be constructed of a fiberglass composite

with an aluminum back plate and door. Mounting fasteners are permanently
attached to the back plate and driven from the front of the module using an
extension rod. The door is to be hinged in the longer frontal dimension and
can be opened upward or downward depending upon the attitude in which the
module is installed. The design weight of equipment which can be stored in
the module is 70 1bs: and the expected module weight is five (5) pounds.

. oo

' .y
.S LooR ] |-

g [

10.75 Yy

e : /7.00 \Q\\h_ {4wﬂ -
-2 ‘ - 78.00 B [0 7yp
SEcrioN T AA ’ :

Figure 4-3, Orbiter Storage Module Configuration
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The volume which can be passed through the Orbiter side hatch (with the
airlock installed) is defined by the 25" x 25" x BQ" rectangu]ar.yolume
This maximum volume boundary is outlined in Figure 4-4 along with two
possible equivalent module volume configurations which can fit within the
boundary. In each configuration four (4) equivalent module volumes are within
the 25" x 25" x 50" volume. One configuration is one module width stacked
four (4) modules High - (4 x 1) and the other is two (2) widths stacked two
(2) modules high - (2 x 2). Both orientations provide the same enclosed
volume; however, the 4 x 1 arrangement has the larger surface area and is
least efficient from the standpoint of thermal leakage. Also this con-
figuration does not provide the flexibility in compartmentizing as does

the 2 x 2 configuration. Because of these reasons, the 2 x 2 volume con-
figuration was chosen.

This choice mandates that the freezer be mounted on the forward bulkhead since
the aft bulkhead cannot accommodate side by side modules (see Figure 4-2a}.
Thus using the equivalent volume of four storage modules an enclosed volume

of 9.2 ft3 with external dimensions of 20 x 36.375 x 21.875 is available

for the freezer.



NOTE: 1. ALL DIMENSIONS IN INCHES

2. MAXIMUM VOLUME EQUIVALENT OF
FOUR (4) STORAGE VOLUMES 1S 9.2 BT

MAX. VOLUME
BOUNDARY ALLOWED
THROUGH SIDE HATCH

§i <~
~ e
r \\‘\\ ~
\\\\ P //,/’

IS T
~SURo /
N
/</® 710}\

\§>,/ \\“ff/ )
FORWARD OR AFT BULKHEAD
MOUNTING

FORWARD BULKHEAD .
. MOUNTING ONLY

Figure 4-4, 'Ava11ab1e‘Freezer Volume Arrangements
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5.0 FREEZER REFRIGERATION SYSTEM DESCRIPTION

The freezer refrigeration system includes the storage volume to R/U heat
transmission system and the refrigeration unit. Since the onboard Orbiter
1iquid cooling temperatures are not low enough to provide the desired
storage temperature, the refrigeration system must therefore utilize a )
mechanical refrigeration device. This section discusses the selection of
the heat transmission and a trade study to determine the optimum refrigera-
tion system.

5.1 STORAGE VOLUME TO REFRIGERATION HEAT TRANSMISSION

Several options are available to transfer the heat gained in the storage
volume to the refrigeration unit (R/U). These options can be divided into
three basic types: (1) circulating cooling medium, (2) circulating refrigerant
and (3) directly connected R/U. These types are illusirated schematically in
Figure 5-1 with two identified options (A and B) for each type. Type IA
utilizes direct conduction {through tubing) between the cooling medium and

the storage volume structure. For type IB heat is conducted from the storage

volume by connection to the cold plates then to the circulating cocling
medium.

" The second type 1s essentially the same as type I except the function of

the cooling medium is performed by the circulating refrigerant used in the
vapor cycle type of refrigeration unit. This is the type of heat trans-
mission used in most household freezers. The two options (IIA and IIB) used
to transfer the heat to the refrigerant are the same as types IA ana IB.

The third type of heat transmission available is direct connection of the R/U
to the storage box with the storage volume heat transferred to the R/U cold-
plate by force convection. Of the two type III options considered, type IIIA
would be restricted to the use of an R/U which is small and compact such as

a thermoelectric cooler. Using this type each compartment is isolated.

Type IIIB employs the same principle as type IIIA however with a single R/U
and a common connective system for all storage volume compartments.

5-1
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Of the six types of heat transmission presented above, four can be initially
eliminated for the various reasons summarized in Figure 5-2. Type IB is
eliminated because of higher volume requirement necessary for the three
individual connective systems (fans and finned heat exchangers) and the
inrherent higher electrical power-consumption.and weight. Both options in
type 1I are eliminated due to the potential safety hazard presented in
circulating the R/U refrigerant outside the sealed volume of the R/U. And
the type IIIB is eliminated since it violates the regquirement for isclation
of medical samples from food. Therefore, types IB and I1IA are the systems
best suited for storage volume to R/U heat transmission. T T

5.2 REFRIGERATION SYSTEM TRADE STUDY

A screening of potential R/U concepts was conducted by LTV Aerospace to
identify those concepts which were appiicable to the requirements of the
Shuttle freezer performance. Refrigeration concepts considered by LTV and
a critique of each is tabulated in Table 5-1. Of these concepts, three
were chosen for continued evaluation:

o Thermoelectric
0 Stirling Cycle
o VYapor Cycle

The working gases for the Stirling cycle and the vapér cycle are helium and
ammonia, respectively.

A performance description, which“covered the operatiﬁg range required by

the Shuttle freezer, was derived for each of these concepts using three R/U
heat sink approaches: (1) cabin air at 80°F, (2) water cooling at 80°F, and
(3) water cooling at 45°F. The resulting weight, volume, and power require-
- ments are plotted versus cooling rates in Figure 5-3 for each of the three
concepts,

Preliminary estimates of the thermal leakage and thermal perturbation rates

were made to determine the peak and average cooling rates to be developed
by the R/U. Using these values the thermal loads weight and electrical

5-3
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power requirements of the three R/U types were derived for each mode of
cooling. These values are 1isted in Table 5-2. The equivalent weight
represents the weight of the R/U plus the fuel cell weight penalty.

The combination of three R/U concepts and three heat sink optioﬁs provided
nine (9) individual R/U systems which could be.traded. The engineering data
along with the more intangible characteristics such as reliability, safety,
and maintenence factors were used as inputs to a computerized trade program.
The program developed for a crew appliance optimization study is described

" in detail in Reference 2. A summary of values used as inputs to the trade
program are presented in Table 5-3.

The results of freezer concept trade are tabulated in Table 5-4. Briefly,
the table illustrates (from left to right) each weighing factor (or criteria)
being evaluated and the minimum and maximum of the nine values investigated
with an arbitrary maximum number of points (PTS) assigned to each factor.
The number of points awarded for each of the nine concepts is tabulated in
columns labeled 1 through 9. The curve:for determining the points awarded
is a straight 1ine of value (1bs. ft3, watts, etc.) versus points having a
negative or positive slope depending upon the contribution of the factor to
the Shuttle performance. For example, weight is a negative factor, there-
fore the-point assignment line will be negative; whereas, reliability is a
positive asset and the line will be posiiive.

The total points Tisted reflect the summation of those points determined
for each factor for each concept. The maximum number possible is 85.

The final rating shown on the last 1ine is the ratio of the point summation

to the maximum possible points (85) shown in percent. These values are

plotted for each concept in Figure 5-4. As seen in this plot the Stirling
cycle system utilizing 45°F water cooling provides the highest rated concept.
However, because of a location restriction which could be imposed on a water
cooled system, NASA directed that pre1imiﬁary design studies of the freezer

be conducted using a cabin air cooled system. As seen in Figure 5-4, of the
air cooled concepts the Stirling cycle rated highest, It was therefore decided
to proceed with a freezer preliminary design ut111z1ng the air cooled, Stirling
cyc1e concept to satisfy the p/u function. g

§-7
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NOTE: . ' ' " ' ‘ .
1. NOMINAL FREEZER INSIDE TEMPERATURE = -23.5°C {-10°F) AND AMBIENT TEMPERATURE = 26.7°C (80°F)
/2., CONDITIONED FOR 7 MAN-30 DAY MISSION ‘

TABLE 5-2. THERMOELECTRIC, VAPOR COMPRESSION, AND STIRLING CONCEPT CHARACTERISTICS

FREEZER  ELECTRIC POWER | ELECTRICAL TOTAL
THERMAL LOAD, LOAD  _ENERGY.__ | EQUIV. WT.
PEAK/AVG. .| PEAK/AVG. (KW HR)
(WATTS) (WATTS) (KG) (KG)
THERMO- '
EUECTRIG 62/28 363/167 120 68.3
CABIN VAPOR .
AIR | COMPRESSTON 75/42 . 70739 28 44.7
(26.7°C) STIRLING L] .
SYOLE 65/32 121/59 43 42.2
THERMO- -
N EUECTRIC 60/27 240/108 78 . 51.5
o)
(o)
€ |WATER VAPOR .
x |Loop COMPRESSION 75/42 52/29 21 | 4.5
a |
(26.7°C) STIRLING | |
as . i
THERMO- 0 ,
HECIRIC 60/27 108748 35 34.4
WATER VAPOR i
LoOP COMPRESSION 75/42 38/21 15 35.1
: |
(7.2°C) STIRLING
CYCLE 65/32 80/39 28 ! ; 35.5
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5,3 REFRIGERATION UNIT DESIGN

Once the Stirling cycle concept was chosen as the type of system to be

used as the refrigeration unit, LTV Aerospace was assigned the responsi-
bility to size and package the unit for the freezer and to determine its
performance requirements. In this section, the refrigeration unit
characteristics will be discussed briefly. A detailed description of the
theory and design of the Stirling cycle unit can be found in Reference 3.
After sizing of the external freezer envelope and satisfying the storage
volume requirements, the remaining volume was allocated to thermal insulation
.and the refrigeration unit. Calculations were made to determine the maximum
insulation thickness possible with enough volume remaining to accommodate
the R/U. An insulation thickness of approximately 2.0 inches was used and

a volume with dimensions of 9" x 12" x 20" was allocated to the R/U., Based
on these conditions, the design thermal Joad to the refrigeration unit was
75 watts, peak. This value includes heat leakage, effects introduced by
compartment door openings and warm medical samples, and heat from the
cooling liquid pump. Characteristics of the conceptual Stirling cycle
refrigeration unit devised by LTV are listed in Table 5-5.

A schematic showing the elements of the R/U and cooling Toop is presented

in Figure 5-5. The cooling liquid (Coolanol 15) is pumped continuously
through the system once electric power is applied to the freezer. A tempera-
ture sensor downstream of the heat exchanger at the cold head senses the
Coolancl 15 temperature which is conditioned by a controller. The controller
provides "ON" and "OFF" electrical switching to the Stirling unit motor
within specified temperature 1imits. Cooling air is drawn from the Orbiter
cabin into the R/4 enclosure, across the hot side of the Stirling unit,

then over the drive motor and mechanism, and finally exhausted to the cabin.
An accumulator is located in the cooling loop to cancel the pressure effects
of cooling fluid expansion and contraction and minor leakage. '

5-12
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TABLE 5-5
REFRIGERATION UNIT PERFORMANCE

Refrigeration C&cTe Stirling

-

Cooling Rate : 75 watts from Coolano] 15
' i (=270 watts excluding the pump)

Refrigerant : Helium

Power Consumption : T T T T o - T

- Regulated 28 VDC : 176 watts {Range 115 to 200 watts)
(Best estimate) .
- 200 VAC 400 Hz : 30 watts (Fan)

3 @ Regulated AC _
" TOTAL 206 watts

Coolanol 15 Heat Exchanger
- Pressure Drop At

05.3 1b/hr : AP

Flowrate = 1
= 210.6 1b/hr : _ AP

Flowrate

in
[on e
D
=
=]
n
-t

Mass Properties

- Weight of Unit : 20 1bs

= Center of Gravity : 12.7 in. from Front Face,
Center of 5" x 12" plane

Life
- Refrigeration Unit System : 8000 hours
- Maintenance Interval : 2000 hours

(Helium servicing, replace-
ment of motors, etc.)

5-13
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6.0 MECHANICAL DESIGN AND STRUCTURAL ANALYSIS

The function of the freezer structure is to provide support and restraint

to stored items and to the R/U. In addition, it alse provides thermal

jnsulation of the stored volume from the ambient environment and acts as

a thermal conductor to the circulating ccolant. Because the freezer is

to use the crew equipment storage module mounting system, the freezer

structural configuration was heavily influenced by the module design. A
__stress analysis was made primarily to investigate those areas of the

structure which Ey ihspection are“suﬁjéctéd‘to the most detrimental stress

loads.

Figure 6-1 is a cutaway illustration identifying the basic mechanical
design features of the freezer concept. Each of the components shown
are discussed in the following paragraphs.

6.1 FREEZER MECHANICAL DESIGN FEATURES

The freezer design consists of a number of individual elements of which
some serve functions other than structural. Details of the freezer design
are illustrated in the two drawings shown in Figures 6-2 and 6~3. The
structure is basically two boxes, one inside the other and thermalily
insulated from one another. Fasteners which attach the freezer to the .
storage module mounts are Tocated on the outer box. The outer box is
effectively suspended within the inner box by foam-in-place polystyrene.
Connection between the inner and outer boxes is made at the front of the
freezer by a one-piece framework on which the door seals and hinges are
mounted, Minor attachments between the two boxes are made in back of
the inner box. The refrigeration unit is located on a pallet which
attaches to the outer box. In the discussion of the basic freezer

* structural elements made in the following paragraphs certain dash numbers.
used to refer to parts of freezer correspond to those identified in the
drawings of Figures 6-2 and 6-3. '
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6.1.3 (Continued)

and to provide a force to maintain both doors in the opened position once
unlatched. Both doors have latching systems. The inner door latches will
be designed with sufficient strength to restrain the stored contents
against predicted acceleration loads.

6.1.4 Thermal Insulation

The thermal insulation (-15) provides a thermal barrier between the ambient
environment and the storage volume and distributes structural loads from the
inner to the outer box. Polystyrene foam is insulation material to be used
-and will be foamed in place between the inner and outer box at a thickness '
of approximately two (2) inches on all sides.

6.1.5 Mounting Fixtures

Fasteners used to attach the freezer to the mounting posts are identical
to those used on the storage module. Since the freezer volume will be
equivalent to four storage modules each using four mounting fasteners,

16 potential fastenars are available for use on the freezer. However,
analysis of the load carrying capacity of the fastener versus the expected
loads indicate that only 12 fasteners around the freezer perimeter

provide adequate strength. A drawing of the proposed fasteners and
fastener pattern is shown in Figure 6-4., Fasteners, mounted onto the back
frame of the outer box, are sleevebolts which are retractable and self-
retained. They are to be driven from the front of the freezer onto a
recessed stud, permanently fixed to the storage module mounting post.

6.1.6 R/U Pallet

Freezer volume allocated to the R/U was determined from preliminary
estimates of the R/U volume requirements. However, as the R/U design
progressed, it became obvious that this allocated velume was marginal,
and that if the volume was to be enclosed by the freezer structural
framework installation. of the R/Y would be impossible. Therefore, the
decision was made to mount the R/U to a pallet which would in turn be

6-6
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-6.1.6 (Continued)

-attached to the freezer structure. When in place, the pallet forms a
part of the freezer bottom and side.

The pallet is attached to the freezer outer box by means of two rows of
screws which are joined to nut plates mounted on the box., These rows are
located along the side and bottom of the outer box.

Items mounted on the pallet are the Stirling cycle unit, interfacing heat
exchanger between the Stirling cold head and circulating coolant, and the
R/U cooling fan. Thermal insulation necessary to the cold areas of the
R/U are attached to pallet. The front face of the pallet has an access
panel to facilitate installation.

" Coolant pump and reservoir are mounted onto the inner box, recessed into
the thermal insulation. The R/U pallet with thermal insulation is
attached over the pump and reservoir and coolant loop connections are
made through the access panel. ‘
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6.2 STRUCTURAL STRESS ANALYSIS

An analysis was conducted to determine if the proposed design is adeguate
to maintain the proper structural rigidity and integrity during the
various phases of the Shuttle flight envelope. The primary items investi-
gated were (1) mounting fastener loads, {2) thermal insulation deformation
and (3) inner box restraint. The assumptions used in these analyses and
calculations performed are inciuded in Appendix A of this document. The
accelerations assumed in all calculations are summarized in Table 6-1.

TABLE 6-1
MAXIMUM COMBINED ACCELERATIONS

, ACCELERATION
CONDITION +gx Gy +g‘y A fgy +gz -9,
1 (4g, 2.30 | ==—m- 1.00 | -1.00 0.90 | -1.10
max) , _
2(-g, ) | == -5.70 1.00 | -1.00 0.90 { ~1.10
max )
3 (+g. ) 2.30 | -5.70 | 1.00 | --—m- 0.90 | -1.10
'ymax . .
4 (-g, ) | 2.30 | -5.70 | a=me- -1.00 0.90 | -1.10
ymax .
5 (+g, ) 1.60 | mmemm | ceeeo | I— 1 280 | -meee
- max B : :
6 (g, ) 2.00 | ~-4.00 1.00 | -1.00 | -1.28
max -

NOTE: Reverse signs of accelerations for inertia load factors
acting on freezer structure.

Combination accelerations were utilized to define the six conditions
(maximum acceleration for each directional possibility) shown.

6-9



D2-118569

6.2 (Continued)

Assumptions were that strength and number of all rivets, bolts, and screw
fasteners used in the freezer construction would be adequate to provide
the necessary structural integrity. ATl imposed Toads were increased to
provide a factor of safety of 1,5.

6.2.1 Mount{ng Fastener Loads

As discussed in Paragraph 6.1.5, the same mounting fasteners used to
" secure the crew equipment storage_modu]es are used in the freezer design.
Each fastener has the minimum load carrying capacity of 2500 lbs. tensile
strength and 2800 1bs. single shear strength. "Load computations were
made using 12 of 16 possible fasteners for securing the freezer to the
mounting posts. These fasteners are located around the perimeter of the
freezer and receive tension Toads from direct axial forces as well as
those from resulting moments. Shear loads were computed from the resultant
of two coincidental loads when necessary. The results of the fastener
Toad analyses are summarized in the chart shown in Table 6-2.

TABLE 6-2
SUMMARY-~MAXIMUM ULTIMATE BOLT LOADS

BOLT. NO. p p p p

1 87.5 125,75 274.45 52,02
2 R —— 229.18

- 229.18 &
S 284.51

5 125,75 204.77

g | e 254.83

9 125.75 244.77

12 A L 25483

13 125.75 279.45

14 :  m—— 229.18

15 | N : 229.18 ¥
16 87.5 —— 26451 52,03

6-10




D2-118563

"The loads shown in the table pair the corresponding tension load (EI) with

maximum shear load (P } calculated and éimi1ar1y the shear load (Pg)

SHAX

with the maximum tension load (PT }. The resulting fastener loads are
- MAX

well within the strength limits of the fasteners.

6.2.2 Thermal Insulation Deformation

-Although the thermal insulation is designed to act as a Toad bearing part
of the freezer structure, the support structure around the insulation must
demonstrate sufficient strength to prevent excessive compression of the
insulation. Compression of the insulation equal to one-tenth of the thick-
ness will result in a permanent deformation causing degradation of the
thermal properties.

Investigation of center compartment lower panel deflection (worst case)
revealed that the insulation would be deformed beyond its yield point using
the inner and outer box without stiffeners required to stiffen the inner
box sufficiently. Assuming two "Z" stiffeners attached to the lower panel
of the inner box in the Y-direction of the X-Y plane, the estimated maximum
deflection is 0.05 inch, which is well within the 0.10 inch Timit. The
design "Z" stiffeners would be of 0.05 inch aluminum with 0.5 inch height
and 0.625 inch flanges. These stiffeners are correspondingly attached to
the inner box top panel and both side panels.

6.2.3 Inner and Outer Box Aft Attachment Fixtures

Initial design of the freezer structure employed only the front frame as

the structural connection between the inner and outer boxes with the thermal
insulation providing the major inner box support for *Z, IV, and -X
directional loads. This was done to provide maximum thermal isolation of

~ the inner box from the outer box. However, analysis of this design indicated
that torsional and bending loads would result in excessive deflections of

the front frame. Therefore, design revisions were made to include attach-
ment points for the inner box to the back frame.
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§.2.3 {Continued)

For the purpose of analysis the attachment fixtures are assumed to be bands
of 0.01 inch thick, 1.0 inch wide stainless steel which span between the

back frame and inner box at each corner of the box and at the junction of

the box partitions and top and bottom panels. Other materials could be

used for these bands; however, stainless steel was chosen for its lower
thermal conductance properties.

Analyses were made of the buckling and bending characteristics of the bands
under -X, fY, and X7 loads. These evaluations made under extremely conserva-
tive assumptions indicate the minimum margin of safety is approximately 3.

6-12
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7.0 FREEZER THERMAL ANALYSIS AND EVALUATION -

"The SINDA (Systems Improved Numerical Differencing Analyzer) thermal
analyzer computer program was used to select and to verify the thermal
design of the freezer. SINDA (Reference 4} is .a highly developed and
flexible computer program designed basically for solving generalized
lumped parameter systems governed by diffusion equations (e.g., thermal
systems, electrical resistor-capacitor networks, gaseous diffusion
probiems, non-viscous fluid flow, etc.). The general application of the
SINDA program has been oriented primarily toward nodal-network type
thermal problems involving conduction, convectien and radiation.

Two thermal models were constructed to analyze the freezer. The first
was a simplified two-dimensional representation of a singie slice through
the freezer. Its purpose was to examine the effect of spacing between
the coolant tubing. The second model was a detajled three-dimensional
nodal network of the entire freezer, with capability for varying and
analyzing the effects of coolant tubing routing, medical sample insertion,
refrigeration unit size and control scheme, structural thermophysical
properties, and other pertinent design details. These models, with their
results for the Shuttle freezer thermal performance, are presented in the
following sections.

7.1 COCLANT DISTRIBUTION ANALYSIS

A two-dimensional model of a single slice through the freezer was -made to
examine the effect of spacing between the coolant tubing. This model,
described in Figure 7-1, neglects corner and end effects and assumes a
semi-infinite plane with embedded coolant tubes spaced at regular intervals.
Due to symmetry, it was necessary to model only one-half a section between
two ccoling tubes, as shown in Figure 7-1(a). A l1isting of the SINDA
computer model input is given in Appendix B. A -10°F coolant temperature -
was held constant in the tubing, with 80°F ambient conditions. Steady
state runs were made assuming a distance between coolant tubes from 2 to
12 inches.
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7.1 (Continued) ' -

The effect of tubing spacing on the food temperatures is shown in

Figure 7-2(a) for a food thermal conductivity of 1.0 Btu/hr-ft-°F. An
air/packaging gap was included in the model between the food and wall.

The effective thermal conductivity of this gap was varied between 1,0
(equal to that for the food) and 0.0 to determine the maximum and minimum
effect of this variable. The results in Figure 7-2(b) show a maximum *
food temperature variation between coolant tubes of 1.0°F with an eight (8)
inch tubing spacing. After considering other temperature gradients .
throughout the freezer due to coolant warmup, edge effects, attach points,
-internal conductive aluminum spacer walls, etc., this spacing was chosen

as a general guideline in initially routing the coolant tubing. Note

that this analysis isolates only the effect of coolant tubing spacing.
Other important effects, some of which are mentioned above, will exert a
significant effect on the results, and were accounted for in the more
detailed analysis discussed in the following paragraph.

7.2 EFFECTS OF THERMAL LEAKAGE AND THERMAL PERTURBATIONS

A detailed three-dimensional model of the entire freezer was developed,

as described in Figure 7-3,. to aid in selection of materials, configuration,
and mating of the storage compartment with the refrigeration unit, and to
provide verification of the final thermal design. The model comprises

169 nodes and 656 conductors, and was constructed with generalized inputs

to accommodate continuing design changes. The node/conductor network is
shown in Figures 7-3 and 7-4. The model accounts for all corner and edge
effects, structural hard attach points, control scheme, and effects of

door opening and medical sample insertion. A listing of this SINDA com-
puter model input is given in Appendix B.

The steady state solution for a constant -10%F coolant inlet temperature
in an 80°F ambient environment is shown in Figure 7-5. The relative
positions of the output temperatures in the figure correspond to the
frontal view of the nodal network: shown in Figure 7-4. Thus, the tempera-
ture at any node may be readily located by visual inspection without

7-3
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7.2 (Continued)

consulting a specific node number. The temperatures throughout the entire
freezer are seen to vary between -6.6°F and .-10.00F.

Transient results from the model are shown in Figures 7-6 and 7-7 for an
80°F ambient temperature. The input conditions for this case were selected
as representing worst-case design criteria. The maximum effect of five
door openings, beginning at 3 hours time, is seen in Figure 7-6. This
effect includes the sensible and latent heat from an assumed 0.5 cubic™ 7
feet of air exchange with ambient surroundings for each door opening. The -
temperature effect from this is minimal, and the total energy input is
negiigible. At a time of 6 hours, a combined one-day's sample of urine

and Teces for seven men was inserted directly adjacent to cooling tubes

at the rear cold wall of the freezer. This sample was initially at 80°F
and contained a total of 2.15 pounds of water. The sample cool-down

profile is shown in Figure 7-7 (for a urine freezing temperature of 30°F),
and the effect on adjacent samples and the freezer coolant return tempera-
ture is shown in Figure 7-6. A representative temperature “snapshot”
throughout the freezer at a time of 7 hours is shown in Figure 7-8. These
results verify the freezer to be of adequate thermal design to maintain
satisfactory temperatures while providing acceptable medical sample
cool-down.

In Figures 7-9 and 7-10 are shown the results of a baseline case for
comparison with no medical sample insertion or door openings. Again,
ambient temperature was assumed 80°F . Thevrefrigeration unit duty cycle
(fraction of the total time it is turned on) for this case was found to
be 69 percent. Another run with identical conditions except for 70°F
ambient temperature resulted in a steady state-duty cycle of 62 percent. ‘
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8.0 FREEZER DEVELOPMENT PLAN

Results of this study have demonstrated the conceptual feasibility of a
portable or "kit" freezer for Shuttle operations. However, certain assump-
tions and computations used in determining the freezer thermal characteristics,
structural design, refrigeration unit performance figures, and packaging
schemes must be validated through a development and testing effort. A plan

to provide the basis for the development of a freezer which will verify the
_.acceptability of the proposed freezer design is outlined in this section.

A schedule of Tasks related to the development of the freezer is shown in
Figure 8-1.

8.1 PREPROTOTYPE FREEZER STORAGE BOX

The Timited volume available for the freezer, due to the dimensional constraints
of side hatch and storage module configuration, demand that the volumes
allocated to storage, thermal insulation, and refrigeration system be vali-
dated in the initial stages of freezer development. Althoughthe refrigeration
unit has the highest level of technological development and will require the
longest development lead time, it is recommended that the thermal character-
istics of the storage box be investigated prior to the R/U development in
order to determine the adequacy of the thermal insulation thickness. This
phase of the freezer development will determine if the storage capacity re-
quirements can be met and if the predicted R/U cooling capacity is sufficient.
These tests can be accomplished with a full scale model of the storage box
which accurately represents all components of the freezer except the refrig-
eration unit. An ambient sea level environment with elevated temperatures

can be easily simulated. The refrigeration unit can be simulated by circulating
the coolant through a dry ice bath with coolant inlet temperature to the
storage box being varied using a bypassing system. Measurements of coolant
temperature rise and flowrate will provide a direct calculation of the

overall heat load to the cooling éystem. Coolant loop pressure drop measure-
ments will be made to aid in sizing the coolant pump. Results from these
tests will also be used to validate the accuracy of the existing mathematical
thermal .model. This model will be a valuable tool for investigating revised
freezer configurations should they become necessary.

8-1
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8.1 {Continued)

-Assuming the thermal load to the refrigeration unit is less than predicted,
then the possibiiity of a R/U with a smaller cooling capacity {and conse-
quently smaller volume requirements) can be utilized. This surplus volume
can be devoted to additional storage or thermal insulation. However, if

the thermal load is greater than predicted, then more thermal insulation
must be added, at the expense of storage volume, or the refrigeration unit
must be sized upward. This may require a reduction in insulation or storage
space to accommodate the larger R/U. Once the peak cooling requirements

have been established, then the refrigeration unit preprototype design can
commence,

8.2 PREPROTOTYPE REFRIGERATION UNIT

. The refrigeration unit preprototype will be an accurate representation of
the conceptual design in all respects except the drive.mechanism. The
drive mechanism proposed has been utilized on other Stirling refrigeration
systems, and it would not be necessary to demonstrate its feasibility at
this point in the development. A bench test setup using an external drive
system would be employed to investigate the major operating parameters of
the Stirling system or head of the unit. Cycle efficiency, electrical power
requirements, cyclic frequency effects, and cooling requirements will be
established. These tests will also aid in determining the R/U volume and
weight requirements. However, the R/U mechanism (except the drive) will

‘be fabricated to the conceptual design specification for possible use in
prototype testing in the event the preprototype tests demonstrate its
performance is satisfactory. The head will be designed to adapt to the
more sophisticated drive mechanism to be used on the prototype.

8.3 REFRIGERATION UNIT DRIVE MECHANISM

The R/U drive mechanism includes the electric motor and a gear mechanism
which imparts a linear driving force to the piston rod. This concept allows
the use of dry lubricants between the piston and cylinders and has had
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.8.3 ({Continued)

‘previous space hardware application on Stirling cooler systems. Once the
refrigeration unit has been sized, the design of the drive mechanism can
be initiated. After the drive is fabricated it will be mated with the
R/U head, and the total unit bench tested to insure compatibility.

8.4 PROTOTYPE FREEZER

A prototype freezer will be tested to investigate the performance of the
storage box and refrigeration unit combination. The prototype will utilize
_the preprototype storage box and refrigeration unit unless the preprototype
testing and analysis indicates that these units must be radically resized.
This is not anticipated with the storagé box since some allowance for an

oversized R/U can be accommodated in the box insulation in the area above
the pallet.

Testing of the prototype freezer will be conducted to assess the performance
of the complete refrigeration system. Items to be investigated are:
o R/U component 1ife
' R/U cooling system efficiency
Nominal and off-nominal operation
Temperature control system
Storage box temperature profiles
Optimum cooling liquid flowrate
Ice build-up inside storage volume and on stored items

o O o o © O

Since a considerable amount of zero "g" operating experience has been
accumulated on the Stirling principled coolers, zero "g" testing will not
be necessary. A flight article can be fabricated from the information
gained from prototype testing.

8-4
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9.0 CONCLUSIONS AND RECOMMENDATIONS

This study has demonstrated tﬁe conceptual feasibility of a portable "kit"
freezer which will .satisfy the stated food and medical sample storage
requirements for Shuttle operation. The conceptual freezer can be passed
through the Orbiter side hatch fully assembled and can be mounted on
existing storage module supports, located in the Orbiter crew compartmént,
using standardized fasteners and tools. Total design Taunch weight of the
- Treezer and contents of 285 pounds is within the maximum weight restraint
capability of the storage module supports. Conventional construction
techniques are employed in the conceptual freezer which will require short
lead times and economy in fabrication.

The self-contained refrigeration unit requiring 206 watts peak electrical

power will provide a safe and efficient cooling system with a coefficient

of performance (C.0.P.) of 0.355. The steady state duty cycle is approxi-
mately 69% with an 80°F ambient cabin temperature.

Thermal analyses of the freezer have shown the ccoling capacitx of the
refrigeration unit is sufficient to maintain the storage box structure and
contents at 0.0°F or below {Figure 7-6) after medical sample insertions
and door openings. As shown in Figure 7-7, a warm medical sample can be
cooled from 80%F to 30°F in approximately 3 hours. The steady state heat
leakage rate of the storage box is 46.4 watts with an ambient temperature
of 80°F and an average storage temperature of -10°F.

Limitation of volume allocated to the freezer results in a thermal insulation
thickness which is less than optimum. This aiso impacts the sizing of the
refrigeration unit since it must provide rejection of the additional thermal
load at the expense of weight and electrical penalties. Because of the
criticality of the freezer insulation properties, it is recommended that

the thermal characteristics of the freezer box be carefully validated early
in the freezer development program. If tests reveal the thermal load to

the refrigeration system is greater than predicted, then iwo options are
available: —
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9.0 (Continued)

(1) Increase the insulation thickness at the expense of storage
capacity. ;

(2) Increase the cooling capacity of the refrigeration unit with
the inherent penalty of weight and electrical power increases.

Design, fabrication, and testing of the freezer can be accomplished with a
relatively small investment and will provide valuable information to firm

up the freezer configuration. These ‘tests will make a definite establish-
ment of the volume which can be allocated to the refrigeration unit, and the
R/U volume constraints must be defined with reasonable certainty before a
cost-effective R/U development program can be initiated.

8-2
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8C0 3THERMAL LPCS
BCO 3 L£ASE 1

BCD 8 SHUTTLE FREEZER = SINGLE SLICE MODEL
END

BCD 3NODE DATA
=1ya2l0ey 10 %

GEN Z23By11+=10e¢s lo
GEN 11094l s=100,10s

GEN 214951300410
GEN 213951 y=1004]>

GEN 4] ,9,19~100y]0
GEN 513931 4=10¢y0

GEN 619931’“109,10
GEN 71:9s1l3=10ay10

Wl WG \Ble Al v

GEN Bl139s3:=10ep]e
-59,80c,y 1¢ %

eND
BCD 3CONDUCTOR DATA

GEN 1384309 =12418,11,10, Do & :
GEN 2+840313112419 Da &

GLN 3+8,0511,10412,10, 0.
GEN 4,8,0,12,10,13,10, 0O,

GEN 548309131041 9,10y O
GEN 618;0914,18;15:10y 0o

GEN 7:84+0,15,1C,16,10, 0,
GEN 8183031631 04917,105 0, -

N Y| nn LA

GEN 9:28+0917310,18,10, Q.
GEN 19,8,0,18410,192,1t0, O+ S

GEN 11,9,03i,151111y De s
GEN 1238051141 521,1, 0,

GEN 1399052131 031,1, Do
GEN 14,9,0:43 194841, G.

GEN 15,9,0:9143t38131 5 Oy
GEN 1699,0:51 5198141,y Do

GEN 17459303561 4137151, 01s
GEN !8,930:7101181!i’ O

o] N BT Y TR T Y

GEN 1948,0s=18,102194113,
GEN 20,840321139930:% 0c 5

GEN 21,9,0,*71;1.81.1, 0 8
223=83+%s 0o 3

END
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" LISTING OF SINDA TWO-DIMENSIONAL FREEZER SLICE MODEL
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LISTING OF SINDA TWO-DIMENSIONAL FREEZER SLICE MODEL

This appendix contains a complete listing of the SINDA two-dimensional

freezer "slice" model described in Section 7.1. This report is not intended
to serve as a users manual for the model. However, the 1isting, with

attached brief description and the nodal network identification in Figure 7-1,
should allow one proficient with the SINDA program to modify and use the

model to perform further freezer thermal analyses.

The primary Fortran symbols used in the model Tisting are defined in Tabie B-1.
The SINDA long pseudo-compute sequence is used to obtain steady state solu-
tions only. Various model parameters are input and defined in the CONSTANTS
data block. The actual values for the thermal conductors are all computed

in the EXECUTION block. These values are computed in terms of variable
geometry and material thermophysical properties to allow easy accommodation
for varying freezer designs. The VARIABLES I and OUTPUT CALLS blocks are

used only for perjodic output of selected parameters, and the VARIABLES II
block is not used.



DELT

DX,DY ,DZ
-G
GPACK

LOOPCT
NCASE
QCIN.
QCL

T

D2-118569

TABLE B-1

SYMBOLS USED IN SINDA
_ TWO-DIMENSIONAL FREEZER SLICE MODEL

Maximum temperature change along inner wall between cooling
tubes (°F)

Dimensions of nodes in slice model (ft)

-SINDA array of conductor values (Btu/hr °F) -

Thermal conductor through packaging layer, from food to wall
{(Btu/hr OF)

System iteration counter

Number of the current cése being simulated
Heat conducted into wall through insulation (Btu/hr)
Heat conducted into coolant tube per foot (Btu/hr/ft)

SINDA array of nodal temperatures (°F)

B-2
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8CD 3CONSTANTS DATA
DRLXCA=.5005

ARLXCA=.+02005

NLQOP=700
DAMPD=1 .0
DAMPA=] .0
2=124 5 INCHES BETWEEN TUBES
329 $ INCHES HEIGHT OF F09p S ICE
4z, 5 INCHES THICKNESS OFf SLicE L
T T T T  Bmpy " T s INSULATION THICKMESS (INe)
6z=.013 3 INSULATION CONDUCTIVITY (BTU/HR=FT=F}
=.032 % METAL WALL ThHICKNESS {Ipe)
Ballé« S METAL WALL CONDUCTIVITY (BTU/HR=FT=F)
F==10+ S COOLANT BOUNDARY TEMP (F)
il=l, $ FOOD THERMAL CONDas (BTU/HR=FTwF}
12=1., 5 PACKING THERMAL CONDUCTIVITY (BTU/HR~FI=F)
END
BCD 3ARRAY DATA
END

BCD 3EXECUTION

DIMENSION X(8GG4Q)
NplN=gonoD

NTH=Q
DATA NCASE s0/

10

NCASE=NCASE+1 )
DX=XK{2)1/8e/124« /2

DY=(XK(3)=o2)/8e/124
DZ=XK(4)/12.

AT =sXK(9)

G{l)=xK(t1l1leDY2DZ /DX

DUMeXK{8)#XK(7)190Z/DX/12,
PUMZ=XK(b)242/1242D2Z/DX

G(2)=DUN+DUM2+ XK(12)%#42/12, ®D2/DX
00 20 Ns3,10

20

GINI=G(1)
G{l2)=XK(11)12DX"DZ/DY

GPACK=XK(1Z2)%DX2DZ/ (.2/12¢)
G{ll)=GPACK22,.,0G(12)/ (GPACK+2+0G(12))

30

DO 30 %e=i13,18
G{N)=G(]2)

G{19)1=6(13)
G(ZDJ:XK(6}anODZ/XK{53512-

MMM ITI I M TN Y oy

G(21)=Gg(18])
G{221=G6(2) TR e

PRECEDING PAGE BLANK. NOT . FHMER
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CALL GPRINT -

T IF (NCASE<EGe1)
WRITE (46,5)

calt

PCcTpMP

(XKI{N}sN=1,10)

5 FORMAY (/7//71%,
WRITE (5,45}

5G12+5///)

95 FORMAT ( 1HL,»s
o T(8) T(9)

N

Ti31)

QCO0oL DTMAX

T{391}

DRLACC

Tial1)

QCIN
TEs9)

Ti2)
T(81)

Ti5)
T{85)

o Ti89IV//)
CALL cIMDSL

GO0 TO (62:63,64,997,

62 XK{2)1=9,

NCASE

G0 To 10

63 XK(2)=¢,

G0 70 1Ip

64 AXK{2)=1.

G0 TO 10

99 CONTINUE

L

Moz M Im M am

“IF (XK1 2)
AR{12)=0,

+LTe o2

GO 70

199

AK{21=12,
NCASE=D

GC TQ 10

199 CONTINUE

MM

END
BCD 3VARIABLES 1

N=L0OPCT/S
IF (485 «NEa LOOPCT)

G0 7o 999

QCL=s(2,2G{2)a(T(2)=T
o JAK({H4)alze

(1M1 +G (L) a(TC 1 }=TU1)) +G(20)e(T(79)aT(l))}

DELTaT{9)=T1{1})
QCIN=0,

D0. 58 N=],8
QCIN=QCIN+T(N)

@CIN=G(20) =
WRITE (4,10)

(9e¢2T{99}mQCINaT{1})
LOOPCTsQCL DELTDRELXCCsQCINyY

Te21,

T{51:T48),7T(%9),

“Ikaz'ﬂﬂ‘HEZZZ'ﬂﬁ

10 FORMAT ( 1%, 13,

FBoHy FT746,

F8s3,

2 TU31).T(39)sT0861)sT(69), T(81),TI85)+7(89)
F8.2,

11FB.3)

£ 979 CONTINUE
END

BLD 3VARIABLES 2
END

BLD 30UTPUT CALLS
WRITE (4,40)

WHITE (6,301 T(B1),;

30 FORMAT (1Xy 9F1243)

(TN}, ,N=1,801},

Ti{821}

30 FORHAT (//77 )

END

= [m .
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LISTING OF SINDA THREE-DIMENSIONAL FREEZER MODEL

This appendix contains a complete numbered 1isting of the SINDA three-
dimensional freezer model. This report is not intended to serve as a
users manual for the model. However, the listing, with attached brief‘
description and the nodal network identification in Figures 7-3 and 7-4,
.should allow one proficient with the SINDA program to mod1fy and use the
model to perform further freezer thermal analyses.

" The primary Fortran symbols used in the model 1isting are defined in -~~~ .-~~~
Table C-1. The SINDA long pseudo-compute sequence is used to obtain steady
state and transient solutions for the freezer. Freezer nodes are defined
in statement numbers 7 through 14, and conductors in numbers 15 through 95.
Various model parameters are input and described in the CONSTANTS data
block, statement numbers 107 through 131. The actual values for the thermal
capacitors and conductors are all computed in the EXECUTION block, statement
numbers 137 through 781, using standard Fortran V language. These values
are all computed in terms of variable freezer geometry and material thermo-
physical properties to allow easy accommodation for varying freezer desians.
. Comment cards are included to allow easy identification of the specific
variables being computed in each section of the program. The EXECUTION
program is divided logically into major functional blocks to facilitate
changes of portions of the model, These blocks are identified as follows:

Line Numbers Function

"146-170 Define overail freezer size and internal dimensions

175-228 Evaluate thermal conductors through food and medical
samples only

232-260 Thermal resistance added to conductors for packaging
at internal spacer walls .

265-321 Thermal resistance added to conductors for packaging at
inner structural walls ,

325-462 Thermal conductors modified for conduction through insulation,
packaging and wails :

467-582 Thermal conductors through insulation to boundary walls
evaluated

584-590 - Thermal conductors through hard-attach points added



D2-118569

Appendix C (Continued)

Line Numbers Function

594-5600 Coolant flow conductors evaluated

606-625 Food/medical sample thermal capacitance evaluated

628-757 Thermal capacitance of walls, packaging and insulation
added .

761-780 " Parametric conditions for sequenced runs set up

" The VARIABLES I block is used only to print out various parameters of

interest at selected intervals during a run. 1In VARIABLES. I1 the following
functions are performed: ‘

0

0
¢!
O

Include effect of fresh medical sample insertion
Include door opening effect

Operate cooling unit thermostat control

Store selected data for final plotting, and make plots

The logic used for performing these functions is Tabeled by comment cards
for easy identification. The OUTPUT CALLS block is used only to print out
a "thermal snapshot" of the temperatures throughout the freezer at selected
intervals during a run.
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TABLE C-1

SYMBOLS USED IN SINDA
THREE-DIMENSIONAL MODEL

A SINDA array used to input arbitrary door opening time schedule.
C SINDA array of capacitance values (Btu/°F)
CAP Thermal capacitance (Btu/°F)

CDLINS Thermal conductivity of insulation d1V1ded by its thickness
. (Btu/hr sq ft OF}

CTL Effective thermal conductivity of front angle connecting inner o
and outer shells, divided by insulation thickness (Btu/hr sq ft “F)
CTOT Total thermal specific heat of all freezer internal nodes
(Btu/°F)

CTWALL Combined thermal conductivity of the walls/insulation/packaging

layer divided by its thickness (Btu/hr sq ft OF)
CHATTS Total heat removed by refrigeration unit when on (Btu/hr)

DX,DY,DZ  Arrays of nodal thicknesses in the X (hor1zonta1) Y (vertical),
and Z (axial)} directions (feet)

DXL,DYL,DZL Arrays of distances between nodal centers in X (horizontal),
Y (vertical}, and Z (axial) directions (feet)

G SINDA array of conductor values (Btu/hr °F)

GDLPAK Thermal conductivity of packaging layer divided by its
thickness (Btu/hr ft2 OF) .

GXP,GXL,GYP,BYL,GZP,GZL Conductor values from fresh medical sample node
to adjacent nodes. X, Y, Z refers to horizontal,
vertical and axial directions. P and L refer
to plus and minus directions along axes.

J Typically used as counter for numbering nodes in the X (horizontal)
direction

L Typically used as counter for numbering nodes in the Z (axial)
direction

LOOPCT System iteration counter

LPLOT Flag to request storing of plot data when positive
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TABLE C-1 (Continued)

M Typically used as counter for numbering nodes in the Y (vertical)
direction

NCASE Number of the current case being simulated

NLINE Selected data will be identified and'defiﬁéd after it is
printed every NLINE lines

NPR Selected data will be output every NPR Tines

~-NPTS - Number of data points to be plotted U

NSAMP Node number used for fresh medical sample

NXP NXL ,NYP,NYL ,NZP,NZL Conductor numbers from fresh medical sample node
to adjacent nodes. X, Y, Z refers to horizontai,
vertical and axial d1rect1ons Pand L refer to
pius and minus directions along axes.

OPEN Used to store door opening flag from previous iteration. Door
is assumed to open whenever this flag changes siagn.

PWATTS Coolant pump electrical power (watts)

QcooL Heat removed from locker by coolant (Btu/hr)

QDOOR Heat input to locker from a single door opening (Btu)

QLAT  Latent heat of fusion in fresh medical sample water (Btu)

QREM Net heat removed from coolant by refrigeration unit (Btu/hr}

QWALL Net heat leak into locker through freezer walls (Btu/hr)

RCPT Wall/insulation/packaging layer density--specific heat product
divided by its thickness (Btu/1b sq ft ©F)

TAVG Bulk average temperature of all freezer internal nodes (°F)

TCOUT Coclant outlet temperature from locker (°F)

TCNTRL Temperature used for thermostat control of refrigeration unit

TFR Medical sample 1iquid freezing temperature (°F)

TITLX,TITLY Hollerith titles used for axes of output plots
TMAX,TMIN Maximum and minimum temperature of all freezer internal nodes (°F)

TOFF Low temperature limit at which refrigeration unit turns off (°F)
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" TABLE C~1 {Concluded)

TON High temperature 1imit at which refrigeration unit turns on (°F)
TPLOT Next time Tor storing data to be plotted

X2 Array ofix;va]ues to be plotted (time - hours)

XKS Initial thermal conductivity of material in medical samp1e-

location (Btu/hr ft OF)
Y2,Y3,Y4,Y5,Y6,Y7 Arrays of Y-values to be plotied
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BELT UL 2%.MODEL
ELTDOT7? RLIB70 07/11-22:17t58~(0,11}

( 00000} noo BCO 3THERMAL LPCS
_ oDogo2 oo ..BCD & SHUTTLE FREEZER THERMAL MODEL ... .
000003 Got REM  PREPARED 8Y wse D J PUSSELL
¢ 000004 col . _REM JULY 1975 || L o e e me e
0o000s g0l . REM
SR « 1. T 1+]: 1 000 LEND ) e e e ey e = pean mmm
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: onog27 ; ana . REM HORIZOMTAL (X}
U __ BaDdg2s | 000, ._ .0 GEMN 121,10041:1:042830y Dc. .8 .o es - —
0aon2y [nfals] GEN 221430+35111214128,15 Do s : - B
_ ___Doog3c . __ ooo _ .. RgM AxTAL {Z) — .. - B}
{ . oooo3y 000 GEN 251431,515145:245, O» s
_._enog32_____ pog e e BEM 2H24315132,53355 Oe_. s
T goopn3l . 0on . SCGEN 313331919335 5%35, D s
ol DDOO3Y . . 9o0 T LTBEN 344331013845 5545s De e S o 2 - ._ _
. Bo00as ooon - REH " IS{EXTRA F00D) o . h
.. 9ooo3s __ goe v -t GEN 37545531, 15631, 12641, Ds S
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C00053 oBo 2108,~109,108, +5 § .- Fle C Ty
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. balbFe

WALL DE

€ o e e e T . S
i A ] -
¢ . U T -
0Qo054 ono 2)56,=10346,154, 425 S
- BoEO57. 0og - 2157 4=1074157, 025 §
( DO00S8 noo 2159,°109,15%; 25 S
opnoDS? oos . . .. . =21851,=156,161, 25 S_ __ _ —— S -
0o00s0 000 21462,-157,162, 25 S
(. pOCOAE 000 Lo 216%4~159,16%, 25 S !
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... poolag _..opp .F Gla75+N1axk{156)1°DA{46) DT (LI/DYLLI2Y ... . .. e
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DO 110 Leia4
NoMe¢dlstlal). [

6(251*Nl”G!ZBI*NJ*CTWALLODY!H*I}IDZLlLl
IF (H.GT+}} GO TO 1G5

G(271+N)=Gt2“l+N)¢DUHaCTaALLoDY¢H+!)/DZLIL)

IF (MaEQD? GO TO0 1o

Nmy =1
GLa9o+N)=GL399+NI+DUMeCTUALL.DY (2)/7D2L L)
GO TO 110 -

Hep=2+31e¢{L=11}

G(279¢NI=Gl279+N3+DUH'CTHALL¢DY(M+1)/DZL(L)

CONTIHUE woae s

(TOP BOTTOH BALLS}

Do 120 y=1,7 . —

Duﬂslo
IF [JeEQ*5] DUH=+5

Do 120 L=ol.4
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GO TC 120
Neielg=-5)+31o{L~1} "
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VERTICAL WALLS
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CONTINUE
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CONTINUE
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{ poo4EH opg _ H GlyICs) = CTLv.5¢ (DXU{B)+DY(2}) . __. —__
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Gg..TO §80D
175 b welslSe(JdeB). - - e et e ——— e L
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180_ CORTIKUE e -
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_ DO 190 us107_.. ..
ML =0
LAF (de6Tes) MLl —— e e
DO 190 M=l b
Dums=1, . . m e e
1F (JeGTay «AND. -LT.ZJ DUH‘:S
e LIF LJeEGSS +ANDe MWEQel) DUM=,75
IF [JeBGTe+S) GO TO |85
Negeh+25e(J=1} . -
G(iccl+nl=sl1ncl+Nl+DUh=c0LthantJIooth+l)
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185 1F (MeGTel} GO TO 387 _ - em——
Nu=gelJmg)

GUE1160+n)oG(IY&C*N} & COLINS®DX{J)oDY{2)9pUN
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190 CONTINUE
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210 CONTINUE
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RcPT=XK(s:~'K!Slexxtalliz- + XKf]J)OXKl12)°XKIIOiJ:7n
o oxxtq}o;KlBI-thZ)IIZ- B . e e

ALEFT=RIGHT SIDES)

DO 440 HM=0p4 e e -
Dum=1o T T oo e
IF (MEQI] DUHMzmeS  _ o ot — -
DO 440 L=],5 - --
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If {MaGT+1} GO TO 42g
D C10leNI=C 10 eN) e CAPSDUM
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i

NmpBstgml) & Lul - - .
Cl21oNInC{21+N)+«CAP [ . R
Cry+N) =C{}+M) +CAPepUHK .
—  IFP tJoLTe5) GO TO 480, - S -
- Nep=l : - - : .
m_"__C([ﬂb¢N]GC(106+N)+CAF*DUH S i, : -
GG TO 430 . B =
450 Ne1ge{Je5] ¢ L=} . . : -
CL121+NI=CI121+NI+CAP - : ’ .
e . NEp =l & Boldes) s :
. Cl156¢H}BCt!55+N)¢CAP°DUH .- . : -
460 ConTINUE | e e
. {FRONT~BACK S1DES)
. . bo uep gw1,? o
Hi=0 L. . I .
e YFTAJGTe5) MLwp ] M -
DO 480 HmHL 4 . - N L e I
_ Dum=t, s [ -
IF (JoGT oY +ANDs HelTe2) DUE=S : . )
ir EJeEGeS vANDe H+EQell _DUNZ2TS - - ’ —— -
CAP=RCFT BRIV} aDY (ML) ) - - o
IF 1J46GTes5) GO TO 457 -
Hug oM 4 258 (Jw}} N
~ Clr+N)aCl1+N)+CAPODUN .
CIS+#NIsC(S+NI+CAPSDUN T . .., .
GO TO 480, .. ___ = .
987 IF LH,GTe1} GO 10 470 .. et JET i

—NagelJ=p) _
C1156+N3“Cl1560N1 * CAPvDUH
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o Xg{31) ¢ XKUF)oXK{BI{{XK{2V+XK(1D)ee2=xKilplaaz}) /144,
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ClL160+N)IBCT1&0+N) + CAPoDUM
GO TO ual L ) _
Nege [Hu2) 4+ [Se{J=b}
C{128+N)1=C{126+H*CAP*DUN
Cey30+0)=C{1324+N)+CAPSDUN
CONTIRUE .
SPACER WALLS/PACKING

REPT=XKIT7)OXKL1610RKTIIS1/12e ¢ ZooxRO13YoxKi1209XK,100/12¢0
IVERTICALY . Lo e o e e o e e
Do SNO H=0.4
Dumel,
IF (MsEQel} DUH=SH
Do 500 L=1,5
NegeM o L=}
ClE1+H)=C{S5t+NI+RCPToDY (M+1)002 (1)
IF (HeLT«11 GO TO 500 . .
Cilclth)*c(IDI¢NI+RCPTODY(H+1}eaz(LlaDUH.__-"___ et e e o
CONTINUE

- - {HORJIZONTAL) . - o e m . N
Do 513 J53,5 B
DUHBQS - -

- B T I e L . - ~

JIF tJsEQ.4) DUH=s1:

bo 510 L=1.:5 e el —
NepGe{J=3) + L=} *5
Clgl+N)=ClEI+NY+RCPToDX(J)2DZ{L)sDUM

CORMER~-EDGES = PACK}NG/WALL/]NSULATION

RCPAH!XKI!3)oxK112)°xKllcloxKiio} + xK(ﬁ)oXK‘S}ﬂxK‘3i0(2eengIQ]+

{HORIZONTAL =~ X}
PO 520 J=I1s7 . I o
Dumzl. N
1F (J.EQe5) DUH=.S
DO 520 L®014,4 -
IF [JeGTeS5) GO TO 515 . .. -
Hasss(y-1) + L ’
C{Z]1+NI=C{21+N}+RCPASDX(J} .
CiyeN) aCli+NI+RCPASDX (JIoDyM .
If (JeLTeS) GO TO B2G :
Cl1064L1=C{106+L)+RCPASDX{J)ODUN
G0 TO 520
Hzyso(J=5) ¢ L
Ct:21+n;=ct12:+N)+RCPAoox(Js
Nuge{J=s) + L
C{156+NI=Cl{ibe+NI+RCPASDXI N
ConTINUE

- ——— e e ———— —

— . . - Py - ,—-

O T —

: . {VERTICAL .= Y)_ —
DO 4O M=DWH :
DUHBI . can P - -
IF {(HeERWL] aunn.s

Do S40 L=0s%,:4... .= __
NoceM o L ~ ’ . . -,
CtiendaC{i+n)+RCPACDY {41 . —
1F (HeGTel) 60 TO 530 .
Cr101eN1oC{IDT+NI+RCPADY (M+1) oDUN
1F (MalLTel) GO TO 540

e e = = e T L . —— o - A e 4 s w -—ana ————
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CiibI+LisCl161eL)+RCPACDY{2}00UN .

Go To 540 e — :
§3C NogalHa2] + L

clgq1°n3=c{1H1+N1*RCPAbD¥IH+llvnuH
S40 ConTINUE

- - (AXIAL = 20—

DO 550 Lsh,4 L
CAp=RCPAeDZ{L+]) o o o I
CtysbLl=cti+L}scaP . >
ClZ2I+L)=Cl2]+L)+CAP I, - X
Cl1OE+L2=C{IG1+L)+CAP
Clrel+L)eC(lal+L}+CaAP .
550 C()151+L1=CCi51+L}*CAP

Ci108) = C{104) © oB/XK(1%}

Ciiéti= Cl161)0)e&&/XK[19) .
Cijd2)= Cl1&2)clebE/RK{17) .
LClretre CLl&Ylolebg/uK(19) . :

.l - . i o ™

1 {NCASEWEWs1) CALL PCTDHP

Ki{11=D L e s -
K{23leq T
.TizeGim=lDe . . __. —_—
HPTS=ED Lo . LT
. TPLOT=,p2 e .
Capl CINDSL i i
LoGPCT=0 __ 4
K{1)8NCASE . L -t - PR
TIMEO=D, . ... ] S = ol —i
TI“END=)4, i *
CUTFUT=35 . I . . : .
AKS=633 . . . - . L.
QLAT=30%6 _ : N
NSaMFPrag? - . : S .
... DPgNeal ., . oo - z
CALL CKFRDL - ’ »
L REL28}=9999%. _ __
XK{251 299999,
999 COnRTINUE . :Q-'F
€ALL GPRINT
END
BCD 3VARIABLES 1
COMMON /FREZR/ 01{7’;DY{5)IDZ‘SJ__DEL{QJLQILJQJJDZLJﬂ14Q£QnL___*___~__
o sNSAMP ,OLAT ) XKS,0PEN
DATA NPRyNLINE/ Loy 74
Nzy QOPCT/NPR
IF (NeNPR +MELLOOPLCTY GD TO XTH
NLINERNLINE+] ..
. 1F (NLINECLTe23). 60 TO 4D
NLINE=D i .
ERITE {4,800). -
800 FORHAT { /% L - TIME T DRLILC DTHPCE - 8£00,,
° L. OWALL. . TIH/ZRI. ... TLOUT o T34 Ti88) me TP T
»90) QREM*/) .. . B c i . -
40 CONTINUE. - : oLz
QREM = G(210%) » tTiqu)-thonat e iy T -:

..............--._-...1::. .‘ e -

IF (REASE.LT.2) GO TO i5
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Gwabt=0,
DG 55 NuD,99 _ -
55 OwALL®=QuALL + G(100DI+N} (T(500)=T{l+N)}
BO &0 L=0,44 .
66 GrALL = GeALL + GU11114L) » (T(500)~Tl11is01)
Do &5 L=0,4 S .
Ewall = ORALL G{IIG1+L) & (T{502)~T(IgGlsl}} .
65 Qwall = GRALL ¢ G{11&I+L) o (T(502)=Tilalabl}) _ . —
BO 68 L=Ds4r4 - . - '
Urall e GwnALL GlilCa+l) o (TH562)=-Telos+L)]) . -
48 OvaLL = QnALL GLI156+4L) » {(T{5522)=Tli5a+L})
Do 7C L=]|3 . . .
Qwall o S¥%ALL & G{110a+L) s (TigalleTtlrs+L}}
GuaLL = GWALL + GUI15&+L) o (T(5Ci)1=T{156+L)) . .
FRITE (65,1603 LOUPCT,TINEO,DRLXCCDTHPCC,,QC00 Q%A »TL200), 1(1041
©1 TU346),TUEE),TIBY),TIo0},QREM . - e+ + e e
F 100 FORMAT [ 11Xy I9, F2:4 2(11,512,51, 9r!aaal
F 999 COnTINUE .
END
- BCD SVARIABLES 2
COMMON /FREZR/ Dxt71.D7l5>.02l51. DIL(é}aDYLlQ)gDZL(41=QC00L
oy NGAFP ,CLAT 1 XKS,0PEN
COrMON JUPLGTX/ NPTS,TPLOT,x2(3 2 3
sy Y&(3rC1,T71325) 'x___EE?'t”iifnitt_ii?ﬁi.YQ(snDj,Y5!300!
LI ERSIGN TITLXU12),TITLY(12) T T
LOCPCT=LORPCT+]
LEp6L= 621091 & {TI1104)=T(252})
IF (X11)4£QeD) GO TO 300
LPLOT=-8

L 4

+ 4+

MITTITMITITMNMIXTTNIINITNM
~3
o

- e Tk cAm e i ammmemmre et =] e ek e ——— e —

HOT MEGICAL SAMPLE INSERTIOM ’
IF (TIMED +LT. XX{24%}) GO TD BD o -
LATA MM GNXPSNXL BYP RYL ,NZP,AZL/.
@ BG 4220 ,154,74,89»341330/ .
DATA TFR/ 3L/ . e e LT
IF (MSARP.GT+0) GO TO &0 ’
NSsMP=g99 ———
GXPEGINAP) -
GXy =G INXL]
GYpeG{NYP)
GYL=GINYL)
GZP=GINZP)
GZ =sG{NZL)
T(.HIsE0.
B0 C(hrin2415
$5 COoMTINUE
DUMB2,/ {le+XK(1B)/XKS)_ -
7. BANXPI=GXPeDUN ~ -
JTRG{NEL)RGXLODUN | _
Gi{nYPIxGYPeDUN
GlNYLI=GYL®DUN -
"G (NZPIuGZPaDUN N -
. GENZL)uGZLeDUH . :
GI(NZPIer.85833
IF (NSAHPoLTeI5G0) GINIP}=ze22
Dur=d g
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DUm2wDUNeLh

GIxXP) = GINXP) * DUM2 e e e ——— e temr e tmam v e e
Glr.Xt} = GluaL) ¢ DUn2 .

G{NYPY o GIRYP) & DUMZ e e e e e e e e e .
GinYLY a GENYL) = pUM2

G{nZP) = GINIP) * DUM - S .-
GINZL) = GIRIL) © GUM2 .

LPLOT=8 ee et e - . v — . See e sEmwe - ——
ConTINUE . '

1F {Tromy 46T, TFR) GO TC ep ) - e -
IF {MSamP.6T152) GO To 70 = .

HSanPs3L2 o e e e e e e e et e r o ———————
XKS=] W 7F

CinMl=2415273 L - e e - - e e e el e e
GO0 TO 55

COnTInUE rn e e e e

QOUT=CINIY o {TFR=TINH))

GLET=0LAT=-LOUY . A e m m e e A m e —dmam s e e e = m e = Wonmen o
TinMI=TFR N

IF LQLATGTe Be} GO0 TO BO . .. o oo ci e o v e e

CinMi=2.15048

T{RMISTFRaQLAT /C IR e e e — e e et e e
LPLOT=% .
AE{291=9299% te e mmeemren e e s+ e tim
ConTihyr ) !

{HCLUDE DOOR GPEN!NG' EFFECT

IF (TINEQ «LTo. XK(25)}) 6O TO 180 ]
Carl STPIAS( TIKEOG=2k(25), At3), DUM) _—_._ _ .. ;
DUmMZ=BUMeQOPEN e A

QPEL=LUN - A
IF (ABSIDUH) oGTe 50,) XK[25129999¢,
IF (DuUM2 «6T. 2e) GG TO 120 .
GDOOR= D756 e5¢ (eZ8e5T, + ,01141220.)
DU=2DOOR/ LCE8) +C{11d+ CU1&) +C131) +cl36) +CU43),
BO 97 Nz&s]lb, 5

Tiu)= TIM) <«DUM .
Tli+26) =T(N+25) <DUH

LPLOT=5

ConTivug

COOLING UNET THERMOSTAT CONTROL

DATA "TOHTOFF 4 CLATTS PUHATTS/, =74y =105y 75¢9 5o/
TenTRL=TOICES) .. e e e -
IF (R{231eLTel «ANDs TCNTRLWLT. TON) GO g 21D .
IF (X123}1GT+C «AlDs TONTRLLGTLTOFF) GO .To 220 ..— -
LPtOT=s8

1F (X[23) «LTe D) GO To 220.
TI20G)eTi104) ¢+ PRATTSo3.412/6(2109)
K{23)lo=9 -
GO0 TO 240 N
TI20G)aT{104) = (CHATTS=-PWATIS)e3a412/6G42109)
K{23})e9g - .

ConTINUE — o
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IDX:'YZ'f lDEv'YS‘

lxztnx.YZ(N),?th),vqtu) TSIN;.fétﬂl.Y7€h.,Nsl NPTSJ

IH GTETLX,TITLY,NPTSeX2,Y2}
IH HZTITLX,TITLY,NPTSx2,¥3) —
IH oVETLESTITLY NPTS x2,Y4)
IH GTITLX ,TITLY,NPTS X2,Y5) .
sTITLX,TITLYLPTS, X2,78)
ATITLA, TITLY APTS R 70

OF POOR QUALITY]

(-22

ocoosl1d 000 c STORE PLOT PATA AND HAKE FLOTS
onoslz2 000 c e e e e
pn0g13 ono F DATA TITLX/ 72H TINE so00 HOURS
goaglé ogo F » - . / _.
5Q091s ogo F DATA TITLY/ 72H TEMPERATURES
po0914 200 F ° . Y
finogl7 000 F IF {LPLOT.LT.0} GO To 310
poOg9ls coo F X2 (HPTS+11=TIHED - R
gnosle gag F TPLOT=TIHEO+.03
poo%20 0po F Gu 1O 311 —
00092l oge F 307 IF (LOOPCT+LT«5) GO TO 299
ponov22 boo F 308 IF (NPTSaGE#2) 60 TO 999 . e
Doo923 Lfoge! F r2¢l1=w2e
800924 oor F xZ(21=a
poogas oo F 60 TO0 312
000926 oopo F 3I'n IF (Tingd.LT7.TPLOT) 6O TO 3480_ . _. .-
onoe27 Goo F X2{NPTS+11=2TIHED
poov2s ogd F TPLOT=TPLOT+a]
nnoe2y Qo0 F 311 IF tTPLOT. GT.TIHEND-.DO! ) TPLOT:T!HEND-.GOI
0Rovan nan F o3z MPTS=NPTS¢I‘ _
onc9eat 50o F . THAR=T(36)
gnosiz gca F THIN=T{109) .
Dno% a3 [11a1s] F DO 320 N=1,145
poo934 (11a]o] F YT {) O,
000935 0go F IF (YalLTeTHIN) THINmY .
. BDOY36 000 F 320 IF (YeGT+THAY «AliDs NoHE«NM) THAZ2Y
Enovaz ¢oda F YZ(NPTS)STHAR+3D
CoR7as po9 F Y3{HPTS)STHIN®3O e e e =
8oB%3y fodats] F YHINFTSI=T{104) .
o0T4D doo M YSNPT5)=TL200) e e e = e a
Doo94l 90 F Y&(NPTS)=TINM) .
ong9uR opo F Y2 (MPTS 1 ayCUDL /3812 e e o e
pooo43 goQ F IF IX{11.EQ.C} GO TO 308
gnoe44 oo F IF (TIMENGLT. TIHEND~.0011 s ANDs NPTSeLTo29%) G0.TO 40
polgYys 0Go F- TPLDT=99999
poovus 0o F WRITE {6,325]) . -
000947 11s]a] F 325 FoRHMAT (1dl, *'PLOTS CREATEDY// sXa2vX?,
on094s 060 F o X, tYHY, 1DK,0YSt, 10X,vYar, (0X,2Y7127)
noo94? 003 F URITEl&4327)
opoesn ao0 F 327 FOaBAT (1xe FIQe4y &Fla4)
ppo9sl 000 F CALL QUIKML =l =24 ,TIMEQ w204 qo.,
0poY7s2 ooo F CALL QUIKHMLL O43-2¢yTIHEQy=204r 409,
Co0953 gao F CALL QUIKALL 09~203TIMED;=20er 40wy
boossH 2400 F Carl QuUIRHLl 0,=20,TINEDy=2041 40,
0o0v55 toao F CALL BULIXKHLU=1, =2.,TINED,-20s, 100.,1H
. Dpo?54 .. gcg 3 CALL QuikdLl 04 =2+, TIMEOD =20+, 100+ 1H
Bo0%87 ogo F IF (K{])+EQs1) REWIND 2
000958 900 F WRITE TAPE Z4NPTS -
Ono9se? alals! F WRITE TAFE 2,(X2{NFsNB]),HPTS]
- Do09&0 oo F WRITE TAPE Z,(Y2IN], Nst NPTS) =
ooavel oog F WRITE TAPE 23{T31IN)N=*1,NPT5)
onovéez 0oo F WRITE TAPE 2,1Y4(N) ,N=],NPTS) -
op0%63 nea F NRITE TAPE 2,{YS(N} N2} ,NPTS}
._Do0%&4; _ 1 _DOD_ _F . WRITE TAPE 2,{Y&{N)  NF],NPIS)
0009465 000 F WRITE TAPE 2,{Y7(N) =1 NPTS)
DoCRéé poo F o390 CONTINUE . ..
BOOY&87 000 F 999 COnTINUE T .
ST I EEEEE SR ceemnere .
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0009468 ago END
0o0F467 coo | 8¢h 3QUTPUT CALLS O U e
0o0a979 ago F COMION /FFRELR/ DALTY,0Y(5) ,DZI5)y DALLE) »DTLIYD, 02L;4inac00L
onoe7t opo F o yNSAHMP . QLAT, xKS ,0PEHN - e e e e e -
000972 aog F WRITE (4,10
DA0g73 009 Fooll FORMAT {1yl et et k4 v e e titinn o t n—
0Nty 7y Q00 F CALL STNDRD
030775 thil F CTaT=1, - e e e et e -
o0097s N33 F TayG=z, - I
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