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PREFACE

This report describes the development of the thermoelectric
cooling of an expansion chamber for use in cloud physics
experimentation. Work was performed at Borg-Warner Thermoelectrics,
Des Plaines, I11inois under contract #NAS8-31633 awarded by the George
C. Marshall Space Flight Center, Huntsviile, Alabama. The contract
was administered by C. A. Law, Contracting Officer and B. Elkins,
Contracting Officer's Representative.

The author wishes +to .acknow1edge the many significant
contributions by Borg-Warner Thermoelectrics personnel: Dr. J. S. Lee
in the area of heat sink design, thermal modeling, and acceptance
testing; R. W. Duenn who served as Project Manager and Production
Manager; B. Peters, L. Shaw, and L. Black in the area of hardware
production; F. Smith in quality control; and K. Ryan, Administrative
Assistant.

Finally, the author is sespecia'[]y grateful for the many helpful
discussions and guidance by G. Barr and J. Moses, Contracting
Officer's Technical Representative, of the Marshall Space Flight

Center.
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1. SUMMARY

The major objective of this program was to provide means of
controlling the temperature of an expansion chamber for use in cToud
physics experimentation. The original concept as proposed by MSFC was
to attach single stage thermoelectric modules in a close-packed con-
figuration over the entire surface of the chamber.

The pursuence of this program involved four distinct phases of
activity and conceptualization. Phase 1 was characterized by the
development of a mechanical design, thérmai modeling, and computer
programming.  Initial calculations were based on the approach as
outlined in the original MSFC RFP ~- that of applying single stage
modules directly to the chamber. This approach proved to be marginal
requiring utilizing high quality thermoelectric materials, the maximum
power budget, and the most optimistic space lab water supply
conditions. -

Phase 2 added a thermoeslectric pre-cooler between the space lab
water supply and the heat sinks of the chamber thermoelectric modules.
Although greatly 1improving the system steady-state performance, the
cool-down time was not acceptable to MSFC.

Phase 3 eliminated the pre-cooler and replaced the single stage
chamber thermoelectrics with multi-stage cascades. The cool down time
was enormously improved without sacrificing the steady-state
performance improvement made in Phase 2. However, this approach put a
large AT across the thermoelectrics in contact with the chamber and

thereby augmented potential isothermal problems.



It was at this point in the program that BWTE was made aware of a
given transient cooling requirement. This requirement was not part of
the contract but was of the overall program. Attempts to simulate the
desired transient performance led to the conclusion that this con-
dition could not be met under the -imposed constraints. A simple
calculation from the cooling slope required and the mass of the
chamber revealed that a heat extraction rate of 2960 watts from the
chamber at -10°C (14°F) was required. The maximum heat extraction
rate of even a 5-stage thermoelectric optimized for that temperature
using the full 1.5 kw power budget was less than 500 watts.

The fourth and final phase of the program involved a complete
change in the scope of effort. A contract modification was made
redefining the objectives in a revised statement of work. In general,
this involved the design and fabrication of a thermoelectric chiller
for use in -cooling a Tiquid reservoir. This removed responsibility
for cool down of the chamber, itself, from BWTE.

A subsequent reservoir chiller was designed, fabricated, tested,
and delivered to MSFC. An acceptance test was designed complete with
a reservoir thermally similar to that anticipated for the end item
usage. Test results established the accuracy of the thermal model as
well as unit compliance with altl specifications as stated in the
modified contract. Finally, calculations were made using this ther-
mal model in order to predict the unit performance under various

other conditions.



2. INTRODUCTION

Thermoelectrics are finding 1increased utilization 1in aerospace
applications as a result of characteristics particulariy compatible
with requirements. Thermoelectrics have the advantage of being able
to heat, cool, and modulate temperatures by a simple feed back:input
current control. Having no moving parts, thése control systems are
generally Tlighter, smailer-sized, and are potentially more effective
and reliable than competing temperature control systems.

The concept of applying thermoelectrics to cloud chambers was
introduced by Dr. Kassner of the University of Missouri-Rolila.
Borg-Warner Thermoelectrics (BWTE) supplied the thermoelectric modules
and provided some technical assistance for this application. BWTE had
and still has reservations about achieving the deéree of isothermal
precision required over a large set of thermoelectrics. However, BWTE
has made every effort to be fully responsive to program requirements
even though not formally committed contractually. Indeed. design
conceptualization underwent several phases in response to Marshall
Space Flight Center's (MSFC) requests even though each concept
technically met all contract requirements. The final phase involved a
redefinition of the scope of effort and corresponding contract
modification. A1l requirements of the modified contract were met by

BWTE.



3. PHASE T - MODULES

The initial phase of this program was discussed in detail in the
BWTE proposal dated May 28, 1975 submitted 1in response to MSFC RFP
#8-~1-5-60-01462. Basically, it involved the thermal/mechanical design
of a system for cooling an expansion cloud chamber using single stage

thermoelectric modules {see Figures 3.1 and 3.2).

3.1 Mechanical Design

Thermoelectric modules were evenly distributed over the surface of
the cloud chamber. On sections 2 and 3, six modules were assumed on
each of the 32 flats, or a total of 192 modules per section.
Maintaining the same “"packing density” of thermoe]ect?ics, 64 modules
were placed on each end of the cloud chamber, sections 4 and 5 as well
as on the middle section 1. Half modules were used around the
viewports and on the cloud chamber ends and were included in the totai
moduie count. The total number of modules 1in the system was,

therefore, 576.

3.1.7 Heat Sink Considerations - For maximum isotheymal con-

ditions, counterflow aluminum heat sinks were chosen. Three separate
heat sinks were considered to cover each of the 32 flats around the
periphery of the cloud chamber, one heat sink each on sections 2 and
3, and one on section 1. The water inlet and outlet was provided on
each end of the chamber. Additional heat sinks covering the modules

on the ends of the chamber were also fed from the water input at the
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respective ends. To provide paraliel flow equalizing pressure drop
and flow rate in each section, a "gas burner type" manifold for the

input and output water was provided at each end of the chamber.

3.1.2 Physical Attachment - To minimize the thermal attach-

ment Toad a 'hoop" type compressive mounting system was developed for
this application. A series of cylindrical hoops with inside
dimensions approximately 1/2" Targer than the outside dimension of the
heat sinks, drililed and tapped to hold set screws, were provided. A
set screw in the hoop was positioned over each heat sink. Tightening
the set screws evenly provided balanced clamping forces to each heat
sink. Using this system there was no thermal contact betweeh the heat
sinks and the cloud chamber, and consequently no attachment heat load.
On the ends of the chamber the mounting system is more difficult, so
128 1" 1long insulated stainless steel screws were provided to mount
the heat sinks. With this mounting design concept developed, the

initial system thermal analysis and module design was initiated.

3.2 Thermal Design

3.2.1 Requirement Summary

3.2.1.1 Chamber Temperature - The chamber temperature

was to be operated at a maximum temperature of 110°F and a minimum of

-15°F.

3.2.1.2 Heat Sink - The heat exhausted by the thermo-



electrics was to be dissipated by a heat sink which was, in turn,
cooled by a flow of water. The water inlet temperature was 60 to

80°F. The water flow rate was 100-300 1bs/hr.

3.2.1.3 Supply Voltage - The available ranges of

supply voltage were 15-22 volts, or 32-40 volts. Maximum system power

budget was 1.5 kilowatts.

3.2.1.4 Performance Prediction -~ The cool down rate

and minimum temperature obtainable with the proposed system was to be

estimated.

3.2.1.5 Thermal Loads - The thermal Tload distribution

from various sources was to be determined together with a development

of techniques to minimize these various thermal Toads.

3.2.1.6 Moduie Design - The optimum number of modules

to be series-connected was to be determined. The smallest adequate

Tead wire size was to be used.

3.2.2 Thermal load Calculations - Initial calcuiations of

the heat sink water temperature rise at maximum input power indicated
a minimum of 20 to 60°F depending on water flow rate. Consequently,

equations were developed for each source of thermal load as a function



of the cold chamber temperature, the heat sink temperature, and

ambient temperature.

3.2.2.1 Radiation - The view factor of the radiation
surfaces was assumed to be 1.0. The emissivity of these surfaces was
assumed to be 0.4. The effective emissivity of the two plates was

calculated according to equation 3.2.2.7.1:
3.2.21.1  e= 4l = 0.25
where: € = ep = 0.4

The equation for the total radiative thermal Toad on the cold chamber

is given in equation 3.2.2.1.2:

3.2.2.1.2 QR = oeA, (THHS*~ TCCH*)

where: o = 3.659 x 10-11$%§§§u
TCCH = Chamber Temperature

THHS = Heat Sink Temperature
Ao = Chamber Outside Area

3.2.2.2 Convection/Conduction - The ambient air pres-

sure for convection/conduction loss calculations was assumed to be 15
psia. The thermal 1load for this condition was calculated by simply
assuming air conduction loss between the plates. It was determined
tﬂat natural convection TJosses 1in this air space were negligible
compared with conduction Tosses. The equation for air conduction loss

is given in equation 3.2.2.2.17:



3.2.2.2.1  QC =4« (THHS - TCCH)
where: L = Distance Between Plates

Ky = Thermal Conductivity in Air

3.2.2.3 MWindows - The proximity of the windows to the

heat sinks was such that the heat sink temperatures were not
instrumental in the thermal load due to the windows, i.e. the thermal
1oad due to the windows was a function of the ambient temperature and
the chamber temperature. The equation for the heat Joad due to

windows is given in equation 3.2.2.3.1:

3.2.2.3.1 QW =nh Aw (TAMB - TCCH)

where: h = 2 BTU/hr ft2 °F
Ay = 169 in?
TAMB = Ambient Temperature

3.2.2.4 Lamps - Two 30-watt Tamps were assumed with
89% transmission losses. Therefore, the thermal Toad due to the Tamps

was 6.6 watts constant for the system.

3.2.2.5 Attachment - The mechanical description
formulated in Section 3.1 dndicated the usage of 128 one inch long
stainless steel #4 machine screws to mount the thermoelectric modules
in compression between the heat sinks and chamber on either end of the
chamber. The following equation was generated which exprésses the

heat short or thermal load due to these stainless steel screws:

10



= _S _
3.1.2.2.5.1 QA = N¢ kg L, (THHS - TCCH)
where: Ng = Number of screws
kg = Thermal conductivity of screws
Ag = Cross-sectional area of one
screw
L, = Length of screw

3.2.3 Design Model - The mathematical model used for design

calculations is shown in Figure 3.2.3.1. Indicated thermal loads were
calculated according to the equations developed in Section 3.2.2. The
water flow passage was designed to form a single Toop to minimize
thermal gradients in the heat sinks. A nominal value of 5W/°C/in was
assumed for the thermal contact resistance between the modules and
mounting surfaces.

Thermal analysis of the system indicated a significant heat sink
Timitation resuliting in a relatively high heat sink temperature rise
in the maximum power condition. Consequently, it was discovered that
the combination of highest flow rate, 300 1b/hr, and TJowest
temperature, 60°F, of coolant water together with the optimized
application of the highest quality thermoeiectric material was
Eequired to meet the Tow temperature specification. The resuits of

the design calculations are given in Table 3.2.3.7:

11
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Table 3.2.3.1
THERMOELECTRIC MODULE SYSTEM DESIGN DATA

Mechanical Description System Power Conditions
HT SNK (WT*MIN/F) = 202.00 APPLIED VOLTAGE = 20.0
CHAMBER (WT*MIN/F} =- 255.00 INITL CURNT (AMPS) = 90.6
INSD AREA (SQ IN) = 907.00 FINAL CURNT (AMPS) = 74.1
OUTSD AREA (SQ IN) = 1120.00 INITL POWER (WATTS) = 1811.1
HEAT SINK EFF = 0.95 FINAL POWER (WATTS) = 1481.2
WTR FLW RT (LB/HR) = 300.00
Thermoelectric Parameters Thermal Loads (Watts)
NUMBER OF STRINGS = 18.000 RADIATION = 45.40
MODULES/STRING = 32.000 CONV/COND = 193.41
COUPLES/MODULE = 7.000 WINDOWS = 51.52
T.E. L/A (/CM) = 7.820 ATTACHMENT = 20.42
T.E. COP = 0.216 LAMPS = 6.60

TOTAL = 317.42

Temperatures (Deg F)

CHAMBER = -14.9]
T.E. COLD = =15.11
T.E. HOT = 82.35
HEAT SINK = 81.29
WATER IN = 60.00
WATER OUT = 80.23

3.3 Transient Performance Caiculations

A computer simuTation program was generated with the constraints
outlined. in the thermal model shown in Figure 3.2.3.1. The pertinent
results are shown in the transient cool down performance curve of
Figure 3.3.1. It is observed that the chamber temperature is very

nearly at equilibrium within one hour after power turn-on, and is

13
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truly at equilibrium within two hours after initial turn-on. Figure
3.3.2 illustrates the build-up of the thermal Toad components as a

function of time after initial power turn-on.

3.4 Conclusions

The concern for the design generated in this initial phase of the
contract was that the assumed conditions of 60°F space lab water at
300 1b/hr flow rate and full power budget of 1.5 kw could not be
realized simultaneousiy on a continual basis in practice.
Furthermore, concern was expressed by BWTE that the large module AT
required (97.5°F) would augment thermal variance between modules.
Therefore, a pre-cooier concept was introduced to correct these

shortcomings and a second phase of the program was initiated.

15
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4. PHASE 2 - PRE-COOLER PLUS MODULES

The concept of pre-cooling the liquid coolant in the cioud chamber
heat sinks was studied. The advantage of this approach was that the
heat sink temperature could be maintained closer to the desired
temperature in the cloud chamber using the thermoelectrics on the
cloud chamber as trimmer coolers rather than primary coolers. This
would result in much closer temperature control of the cloud chamber.

The thermal model is shown in Figure 4.1. In order to eliminate
as many variables as possiblie the space 1lab flow rate-specific heat
product was set to 200 BTU/hr°F by MSFC. The effect of chamber inlet
temperature on the design of the pre-cooier and chamber
thermoelectrics is shown in Figure 4.2. It is clear from this figure
that the optimum chamber heat sink inlet temperature was approximately
20°F.  Therefore, all subsequent calculations were made using this
value. -

Calculations were made on the effect of heat sink effectiveness on
the system design. It was clear from those results that neither the
chamber heat sink nor the pre-cooler effectiveness had a very dramatic
effect on the input required. Therefore, the most reasonabie combina-
tion of these values was chosen for subsequent calculations, namely
0.80 for both heat sinks.

The predicted performance of the pre-cooler/chamber system is
shown in Figure 4.3. Since the size and weight of the pre-cooler were

unknown, several cases were generated to illustrate the effect of the

17
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pre-cooler weight. Additionally, the input power to the pre-cooler as
well as the chamber was increased to the Tlargest acceptable values to
yield the fastest cool down times achievable with this systems
approach.

Since the cool down time was approximately 2-4 hours, an alternate
design approach was considered. That is, the Timiting factor in cool
down time was the large thermal mass of the pre-cooler water Toop. In
the alternate design, the pre-cooler 1is compietely eliminated and a
staged thermoelectric cooler is used between the chamber heat sink and
the chamber wall. This 3rd phase of activity is described in the next

section,.

21



5. PHASE 3 ~ CASCADES

5.1 Design and Performance Calculations

The configuration studied in this phase of the program was
identical to that described in Phase 1 with one exception: The
thermoelectric module as shown was replaced with a multi-stage
thermoelectric cascade. Results of the effect of thermoelectric
cascading on steady-state performance are shown in Figure 5.71.1. It
is observed that the two-stage case required approximately the same
input power as the optimized pre-cooler/chamber system described 1in
Phase 2. Indeed, thermoeiectrically they are nearly equivalent.

Transient cooling characteristics of an optimized 2 and 3~stage
cooler are shown in Figures 5.1.2 and 5.1.3, respectively. It 1is
observed that, in spite of the higher efficiency of the three-stage
cooler, the transient performance in the region of interest is
practically identical. This is due to the added mass and distributed
heat pumping of the 3-stage unit versus the more compact 2-stage unit.
Consequently, subsequent efforts concentrated on the two-stage design.

Further calculations showed that a slight improvement 1in the
initial cooling transient was evidenced by increasing the thermal mass
of the heat sink. Of course, a more dramatic effect could be obtained
by decreasing the thermal mass of the chamber. The calculations for a
chamber with 1/2 the mass of the original design {wall thickness
approximately 0.31" wversus 0.625") are shown in Figure 5.1.4 for a

two-stage cascade. This represenied the best performance that could

22
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2-STAGE TE: CA0851106-16-7
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be expected under the imposed constraints. Any further reduction 1in
wall thickness decreases the “"thermal filtering" and jeapordizes the

ability to achieve desired isothermal conditions.

5.2 Hardware Delivery

In anticipation of utilizing similar coolers in the final desigﬁ,
MSFC placed an order for 40 two-stage cascades, Model #952-16-7, for
use in a test designed by MSFC personnel. These coolers were
different from those in Figures 5.1.2 and 5.1.4 1in thermoelectric
peliet dimensions. That is, the 952-16-7 cooler is fabricated from
peliets 0.055" x 0.055" in cross-section by 0.063" high: whereas the
CA0851106-16-7 cooler is fabricated from pellets 0.085" x 0.085" in

cross-section by 0.1106" high.

5.3 Transient Specifications

It was at this point in the program that BWTE was first made aware
of certain transient cooling specifications required for the proper
execution of the c¢loud physics experiments. These desired cooling
specifications are shown in Figure 5.3.1. This data was entered into
the computer program and a simple 'thermostatic approach was applied.
That is, the cooler power was full on 1if the chamber temperature was
above the curve and completely off otherwise. The results of these
calculations are shown in Figures 5.3.2 and 5.3.3 for the two respec-

tive cool down specifications. (The observed oscillations were arti-
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Thermostatically Applied Power = 1500 Watts,
Chamber MCp = 127.5 Watt'Min/°F
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FIGURE 5.3.2 Transient Performance of Thermoelectric
Cloud Chamber, Case I
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Thermostatically Applied Power = 1500 Watts
Chamber MCp = 127.5 Watt-Min/°F
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FIGURE 5.3.3 Transient Performance of Thermoelectr1c
Cloud Chamber, Case 2
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facts of the program due to arbitrary time interval selections.)

Every attempt was made to maximize performance: The full power
budget of 1.5 kw, the maximum heat sink fiow rate of 300 BTU/hr°F, the
minimum heat sink flow temperature of 60°F, a "double-sized" heat sink
mass, and & “minimum" chamber wall thickness of 0.31 dnches.
Nevertheless, the steeper portions of the spec. cturves could not be
met in either transient case.

Furthermore, fundamental calculations based solely on the required
cool down rate and the chamber mass revealed that 2960 watts of heat
pumping was required down to 14°F chamber temperature. Consequently,
the required Coefficient of Performance COP = heat pumped input
power, was approximately 2.0. This value was totally unattainable by
any thermoelectric device operating over the required 66°F temperature
differential. "

It was concluded from the above calculations that thermoelectrics
could not provide the degree of cooling on a real time basis to meet
the desired transient condition given in Figure 5.3.1. Although this
transient was not a contractual requirement on the part of BWTE, MSFC
decided to seek yet another approach. This involved a totally
different method of cooling the chamber and a redefinition of the
scope of effort required by BWTE. This fourth and final phase of this

contract is discussed in the following section.
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6. PHASE 4 -~ RESERVOIR CHILLER

This final phase of the contract required a contract modification
to formally redefine the scope of effort. In general, the revised
statement of work was concerned with the thermoelectric cooling of a
Tiquid reservoir which was to be wused, 1in turn, to cool the chamber.
The cool down: of the chamber itself was no Tonger the responsibility

of BWTE.

6.1 Design-

The conceptual schematic of the expansion chamber thermal control
system is shown in Figqure 6.1.1. The thermoelectric chiller on which
BWTE was to concentrate its activities 1is shown in more detail in
Figure 6.1.2. Due to the constraints of funding and delivery
schedule, it was mutually decided that BWTE utilize approximately 1100

watts input power and simply design the chiller to extract the maximum

heat with the cold side at -30°C and the hot side at +30°C.

6.17.1 Thermoelectric - A two-stage design was chosen for

this application. The optimum couple ratio from the bottom stage to
the top stage was 2 to 3 depending on the final operating temperatures
of the respective sinks. The best mechanical versus thermal trade-off
in design was to use a standard 12 x 12 T.E. peliet array as the
Sbttom and a standard 8 x 8 T.E. pellet arrray as the top stage..
These stages had different heights but didentical width envelope
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dimensions so that the assembled cascade had the overall appearance of
a single parallelpiped module as opposed to the normal pyramid
structure. The resulting couple ratio was 70/31 or 2.26 in good
agreement with optimization requirements.

The resulting optimum input power for each thermoelectric cascade
was 5.75 volts at 3.0 amps. Since the maximum allowed system voltage
was 22 volts, three cascades in series were selected yielding a system
voltage of 17.3 volts. An even number of these 3 cascade sets Wwas
required due to the symmetry of the design (Figure 6.1.1.1). Conse-
quently, 18 sets were chosen yielding an 1input power requirement of
17.3 volts at 54.0 amps. The calculated heat pumping at the design
point was 2.5 watts per cascade or 135 watfs for the system. In the

“turn-on condition when the entire system was at ambient, the heat
extraction rate was about 500 watts. The net heat extracted from the
fluid, of cﬁurse,was stightly lower than these values due to thermal

losses.

The electrical resistance was measured on each cascade
manufactured. The observed range was 1.58 to 1.70 ohms. The two
resistance extremes were chosen, in addjtion to two other cascades
selected at random, for zero load AT measurements. The results are

given in Table 6.1.1.1:

34



Roar

HOT FLUID

I I

— )

s 2 STAGE
T.E.
UNITS

COLD FLUID

DI DI

-

HOT FLUID

FIGURE 6.1.1.1

Concept of Fluid Chilling Device

35



Table 6.1.1.1
CASCADE TEST RESULTS, HEAT SINK = 35°C

Serial No. I{amps) V{volts) AT(°C Q(watts) Res. (R)
8 4.08 8.37 90.5 0.0 1.70
17 4.10 7.60 87.0 0.0 1.58
25 4.02 7.95 90.5 0.0 1.65
39 4.07 7.90 91.7 0.0 1.62

Predicted 4.05 7.50 89.0 0.0 1.58

Predicted Opt. 3.03 5.75 65.0 2.5 1.58

The observed performance variance within this set of cascades was
due most likely to  thermoelectric material parameter variance.
However, none were rejected since the average of the coolers tested

exceeded the expected cooling performance.

6.1.2 Heat Sinks - The envelope dimensions of the heat sinks
were designed to be consistent with the layouts of the thermoelectric
designs. Finned passages were usgd such that the maximum expected AT
between the sinks and the outlet fluid was 5.8°C and 1.2°C for the hot

and cold sinks, respectively.

6.2 Assembly
A complete set of drawings was generated governing the fabrication

of the thermoelectric chiTler. The main assembly drawing was given
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the BWTE number: 2600-0018, dated 7/2/76. The various stages of

assembly are depicted in Figures 6.2.1 through 6.2.4.

6.3 Acceptance Test

An acceptance test was designed as shown schematically in Figure
6.3.1. The 12" x 18" x 18" reservoir was insulated with 4" of poly-
urethane. The cold fluid piping was insulated with 2" (on radius) of
Armstrong insulation with K = 0.0208 BTU/hr ft °F. The total length
of the piping was 5.2 ft. Figures 6.3.2 and 6.3.3 are photographs of
the system assembled as ready for test.

A zero Toad AT test was made prior to the system simulation test.
This test differed from the system test in that no cold fluid was
allowed into the chiller. This test, of course, had a much faster
transient and allowed a determination of the quality of the
thermoelectric chiller apart from the system parameters. Detailed
test measurement data sheets from both tests are given in Tables 6.3.1

and 6.3.2.

6.4 Analysis - The calculated heat 1loss conductance of the cold
system was 0.4859 watts/°C with 0.2536 watts/°C due to the reservoir
and 0.2323 watts/°C due to the piping. The thermal capacitance of the
cold system minus the chiller was 2560 watt min/°C. The heat sinks
plus the water contained in them was 242.7 watt min/°C. The cold sink
alone (zero load test) was 33.8 watt min/°C and filled with the

ethylene glycol-water mixture was 49.9 watt min/°C.
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NO LOAD AT MEASUREMENT:

TABLE 6.3.1

MARSHALL CHILLER
(TMin/Set of Readings)

Date 9/5/76

Reading Units . eter| t=0 t=5 min | t=10 min| t=15 min| t=20 min| t=25 min{| t=30 min
Position
Uaber Giok  m/min 1890 1890 1890 1890 1890 1890 1890
—
ater Flow —nl/min 1890 | 1890 | 189 | 18%0 | 1890 | 1890 | 1890
3§?l§§2 vDC 0 19.2 19.2 19.0 19.0 19.0 19.0
thplted AMP 0 62 61 61 60.8 60.8 60.8
TH °C
T de 442 | 188 26.3 25.3 24.8 24.6 24.5 24.5
Chscede #i2 |- A2 | 20.9 25.1 26.2 26.6 26.7 26.7 26.7
Cecade #22 | C a3 | 19.3 | -27.5 | -42.7 | -47.4 | -49.3 | -50.0 | -50.2
Trioper St loc A | 8.9 | 19.4 | 19.0 | +19.0 | 19.0 | 18.8 | 19.1
panper sink ec a5 | 18.8 | 2390 | 22,9 | 22,0 | 21.8 | 225 | 21.6
T-Cold Exch. fop
Upper Plate A6 19.2 | -22.6 | -38.7 | -44.7 -46.9 | -47.7 ~48.0
Inlet End
T-Cold Exch. |o¢
Upper Plate a7 | 19.2 | -28.8 | -43.2 | -48.4 | -50.3 | -51.0 | -51.2
Middle
T-Cold Exch. op
Upper Plate 19.3 -25.3 ~-40.9 -46.4 -48.5 -49.3 -49.5
Outlet End Ag




9%

Table 6.3.1 (Con't)

NO LOAD AT MEASUREMENT: MARSHALL CHILLER

(1 Min/Set of Readings)

. Units
Reading eter
a Position

t

=0

t=5 min .

t=10 min

t=15 min

t=20 min

t=25 min

=30 min

T-Cold Exch.
Lower Plate
Inlet End

°C
A9

19.3

-25.0

-40.1

-46.1

-48.3

-49.2

-49.2

T-Lower Sink
Inlet End

°C AT0

18.9

21.4

20.3

20.4

20.3

20.3

20.1

T-Stage
Cascade #9

; ATl

18.9

27.8

26.6

26.2

26.1

26!0

25.9

T-Ethyiene
Glycol
Dutiet

°C
A12

T-Inlet H,0
Upper Sink

64.5

64.1

64.1

63.9

63.8

63.7

63.6

T-Qutlet Hs0
Upper Sink

64.5

73.1

72.9

71.6

71.3

71.1

71.1

T-Inlet Hy0
Lower Sink

64.6

64.3

64.3

64.1

64.0

64.0

63.8

T-Outlet H20

Lower Sink

64.8

73.2

72.4

71.9

71.6

71.6

71.5
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TABLE 6.3.2

MARSHALL CHILLER PERFORMANCE TEST

Date 9/7/76

Qutlet End

Reading onits eter t=0 t=15 min t=30 min | t= 1 hr. t=2 hrs. t=3 ﬁr&
‘ Position )
e Sk mi/m 1890 1890 1890 1890 1890 1890
ater Flow i mI/mD 1890 1890 1890 1890 1890 1890
35?1132 ¥DC 0 18.5 18.4 18.5 18.3 18.5
cpplted AMPS 0 61.6 61.5 62.0 61.0 60.8
e w2 |G ATl 18.3 27.2 27.2 26.8 26.1 26.0
h-Stage 71| °C a2 | 19.6 25.7 26.6 27.0 26.3 26.0
Egscade #42 ¢ A3 24.3 15.3 12.8 8.0 -0.2 -6.4
Trypper Sinkjec aa | 182 19.5 19.6 19.6 19.0 19.1
gonper Sink) °C as | 18.4 25.7 25.1 25.5 "24.9 25.7
gigg%dgiggz' OC 6| 2 19.5 16.7 1.7 3.3 -3.3
J;SZldp$2$2' °C 24.3 14.7 12.2 7.4 -0.7 -6.9
Middle A7 .
T-Cold Exch.|
Upper Plate | ©C 18 24.3 13.8 11.5 6.7 -1.3 -7.4
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Table 6.3.2 (Con't)
MARSHALL CHILLER PERFORMANCE TEST

Unit

Reading s eter| t=0 t=15 min t=30 min | t=1 hr. t=2 hrs. t=3 hrs.

_ Position

T-Cold Exch. |o
Lower Plate | ° A9 24.8 20.0 17.2 12.0 3.4 ~3.5
Inlet End
T-Lower Sink (o
InTet End |G Ao | 18.4 23.5 23.6 23.5 22.6 22.2
T-Ethylene |op ' .
G1ycol A 25.0 22.4 19.4 14.0 4.9 -2.3
Inlet
T-Ethylene |,
61ycol ¢ e | 26 17.0 14.8 10.0 1.4 5.6
Qutlet
T-InTet H,0 |o
Upper Sink | .. 81 63.0 62.4 62.2 62.3 61.3 62.2
T-Outlet Hy0fef
Upper Sink B2 63.1 73.0 72.7 72.1 71.4 71.8
T-Inlet H,0 o
Lower Sine. | T B3 | 63.5 63.3 63.1 62.8 62.5 62.8
T-Outlet Hy0|of
Lower Sink B4 | 64.0 74.0 73.7 73.0 72.4 72.5
?ﬂ?p AMP/VOLT |1.27/12.0 |1.26/11.9 [1.26/11.9 |1.30/12.0 [1.35/12.0 |1.36/1.20
f (Flow
Meter) 250 262 258 250 248



http:1.36/1.20

Table 6.3.2 {Con't)
MARSHALL CHILLER PERFORMANCE TEST

6¥

Reading Units yier | t=4 hrs. | £=5.2 hrs.| t=6 hrs. t=7 hrs. {t=7 hrs.
Positign 53 min.

Water Flow i ml/min 1890 1890 1890 1890
Upper Sink —
nggi g}gt ml/min 1890 1890 1890 1890
Applied vDC
ohtace 18.3 18.3 18.6 18.6
égﬁléﬁg AMPS 59.6 60 60.0 60
Td °C 25.8 24.9 25.2 24.8
Cascade #42 Al . . . .
ci-Stage i1 1°C A2 | 25.6 25.3 25.3 24.9
&€ cade #a2 | G A3 | -12.9 -18.7 -22.0 -25.3
Ioyoper Sinkyec a | 19.0 18.8 18.9 18.5
o SRk o
Mgaher Sink ) oc A5 | 25.1 23.9 24.2 23.2
T-Cold Exch. |eg
Upper Plate As | ~10.1 -16.1 ~19.5 ~22.9
Inlet End
T-Cold Exch. of i
Upper Plate a | -13-4 -19.2 -22.4 -25.7
Middle
T-Cold Exch. oC
Upper Plate ag | 137 -19.4 -22.5 -25.6
Outlet End
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Table 6.3.2 (Con't)
MARSHALL CHILLER PERFORMANCE TEST

Reading Units ppetir | t=4 hrs. t=5.2 hrs.| t=6 hrs. t=7 hrs. | t=7 hrs.
Position 53 min.
T-Cold Exch. oC
%g¥g£ E;ste A9 -10.4 -16.3 -19.9 ~23.5
T-Lower Sink| o
InTet End | _——A10 |  21.5 21.3 21.2 20.4
T-Ethylene °oC
?1{221 A1 -9.7 -16.0 -20.0 -23.6 -26.3
T-Ethylene oc
gliggl A12 -12.5 -18.2 -21.8 -25.1 -28.6
E;;glegiﬂko °F o 62.3 61.6 62.1 62.0
Uomer sunk LoF 52 71.4 70.2 71.0 69.9 ~T~Toss flow {n pump
join et HO | °F o3 63.2 62.7 63.2 62.7
[oodtiet H 0| oF o1 72.2 7.3 71.7 70.5
e CAMP/vOLT | 1.35/11.8 1.58/13.1 | 2.0/15.0 | 2.55/17.6
;eéglgw 240 220 230 215 170




A summary of the calculated parameters at the transient condition
where calculations were arbitrarily terminated 1is given in Tables
6.4.7 and 6.4.2 for both test simulations. The calculated results of
the most 1important system parameters throughout the entire cool down
period are shown as the solid curves in Figures 6.4.1 and 6.4.2. The
actual test data are plotted onto these calculations for comparison.
It is observed that the actual current is below the predicted
values. This is due to the lower calculated versus measured cascade
resistance as shown in Table 6.1.1.1. However, the cool down
characteristics 1illustrated 1in Figures 6.4.1 and 6.4.2 were in
excellent agreement with predictions. The fact that the heat sink ran
at Tower than predicted temperatures was consistent with lower than
calculated power consumed and exhausted into the heat sinks.
Improvements could be made in the thermal model by determining the
parameters of the actual thermoelectric material composing the
cascades and exchanging the resulting formulae with the "standard"
formulae utilized in the model. Nevertheless, the basic thermal model
is sufficiently accurate for use as a tool to study various parameti-

zations of the system.

6.5 Performance Predictions

Performance prediction calculations were made using - the computer
mode] verified by the acceptance tests. No attempt was made to improve
or otherwise change the mathematical model, thus, the same slight dis-

crepancy in electrical current and corresponding heat sink temperature

51



TARLE 6.4.1 Date 11/11/76

ZERO LOAD AT PERFORMANCE DESCRIPTION

54 TE UNITS, MODEL NO. CX952-70-31
WIRED AS 18 PARALLEL SETS OF 3 UNITS IN SERI:ES

Thermoelectric Device Physical Description

Height (inch) = 0.4300 Weight (grams) = 21.129

Resistance (ohm) = 1.579

Cold MCP per TE Device (Watt sec/C) = 0.37528E+02

Hot MCP per TE Device (Watt sec/C) = 0.26973E+03

Cold, Hot, Interstage Conductivity (Watt/Sq in/C) = 6.3, 6.3, 20.0

52

TE Material COMM COMM
Couple Distribution 70.00 31.00
Pellet Width (inch) 0.0550 0.0850
Pellet Length (inch) 0.0630 0.1510
Stage Area (Square inch) 1.4400 1.4400
Alumina Thickness (inch) 0.0300 0.0300
Bus Bar Thickness (inch) 0.0150 0.0320
Exchanger Factor Hot Cold

Fluid Type Water

Plate Temperature (°K) 297.54 219.83
Inlet Temperature (°K) 291.00

Outlet Temperature (°K) 295.64 219.83
Heat Out of Fluid (Watt) ~1223.49 0.00
Plate to Plate Loss (Watt) 15.22 15.22
Prandtl Number 7.07451

Reynolds Number 58.63 0.00
Nusselt Number 6.4963

Heat Transfer Coefficient 127.9112

Pressure Drop (in H20) 0.1087 0.0000
Bend Factor {in H,0) 0.0013 0.0000
Flow Rate {1b/hr) 500.00 0.00
Exchanger Weight (Lb) 41.75 11.60
Fin Length (inches) 12.000 12.000
Fin Height (inches) 1.205 0.510
Fin Thickness (inches) 0.015 0.015
Number of Fins 32.00 32.00
Fin Epsilon 0.70948



TABLE 6.4.2 11/12/76

SYSTEM PERFORMANCE DESCRIPTION
54 TE UNITS, MODEL NO. CX952-70-31
WIRED AS 18 PARALLEL SETS OF 3 UNITS IN SERIES

Thermoelectric Device Physical Description

Height (inch} = 0.4300, Weight (gram) = 21.129, Resistance (ohm): = 1.579
Cold MCP per TE Device (Watt Sec/C) = 0.55448E+02

Hot MCP per TE Device (Watt Sec/C} = 0.26973E+03

Cold, Hot, Interstage Conductivity (Watt/sq in/C) = 6.3, 6.3, 20.0

-TE Material COMM COMM
Couple Distribution 70.00 31.00
Pellet Width (inch) 0.0550 0.0850
Pellet Length (inch) 0.0630 0.1510
Stage Area (Square inch) 1.4400 1.4400
Alumina Thickness (inch) 0.0300 0.0300
Bus Bar Thickness (inch) 0.0150 0.0320
Exchanger Factor Hot Cold
Fluid Type Water 60%EG
Plate Temperature (°K) 297 .46 237.41
InTet Temperature (°K) 290.40 239.54
Qutlet Temperature (°K) 295.41 237.88
Heat Out of Fluid (Watt) -1321.18 140.84
Plate to Plate Loss (Watt) 11.76 11.76
Prandtl Number 7.15441 634.70589
Reynoids Number 58.04 1.30
Nusselt Number 6.4964 5.1570
Heat Transfer Coefficient 127.7608 77.8288
Pressure Drop (in H20) 0.1098 24.1420
Bend Factor (in H20) 0.0013 0.0065
Flow Rate (1b/hr) 500.00 250.00
Exchanger Weight (1b) 41.75 11.60
Fin Length (inches) 12.0600 12.000
Fin Height (inches) 1.205 0.510
Fin Thickness {inches) 0.015 0.015
Number of Fins 32.00 32.00
-Fin Epsilon 0.70924 0.7793%

(Table 6.4.2 Continued)
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Table 6.4.2 (Cbntinued)

Reservoir Characteristics

Ambient Temperature (°K)
Res Temperature {°K)

MCP (Watt Min/C)

Loss Cond (Watt/C)

Q Loss (Watt)

297.09
239.54
2650.0

0.4859

43.56
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TEMPERATURE (°K)
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is expected to be present in these calculations.

The following set of input parameters were used:

Cold Inlet Temperature: O0°F {255.4°K), 35°F (274.9°K},
70°F (294.3°K)

Hot Flow Rate: 100, 300, 500_Tb/hr.

Cold Flow Rate: 100, 150, 200, 300, 500, 700 1b/hr.
Hot Inlet Temperature: 70°F (294.3°K)

Applied Voltage: 18.5 volts

The resulting system parameters for each combination of the above
input parameters are given in the appendix. The most important output
parameter, cold outlet temperature, is illustrated in Figure 6.5.1. Ib
was plotted as the inverse of the cold flow rate because of the neariy

linear dependence, as observed.
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7. CONCLUSIONS

The first three conceptual phases of this program 1involved the
thermal control of a cloud physics expansion chamber by aftachiné
thermoelectric devices directly onto the chamber. The initial concept
was based on a very optimistic input from the space 7lab heat
exchanger. The subsequent two concepts both provided technically
feasible system approaches to meet all contractual requirements.
Indeed, the third phase was initiated as per MSFC's request solely for
the purpose of improving cool down speed -- a parameter not specified
in the contract.

Near the conclusion of the third phase, BWTE was informed of a
specific transient requirement. Simple calculations using this
requirement plus the mass of the chamber revealed that the transient
condition could not be met on a real time basis using thermoelectrics.
The 1jm1ting factor was the thermoelectric cooling "efficiency"
Timitation at the specified temperature conditions. This resulted in
a complete redirection of effort and a fourth and final phase of
activity.

A thermoelectric chilier unit was proposed to cool a liquid reser-
voir to -30°C for use in the thermal control of the chamber. A
corresponding contract modification was made altering the scope of
effort. A thermal model was generated and the resulting chiller was
designed, fabricated, tested, and delivered. This unit met all
requirements of the modified contract. The accuracy of the thermal
model was validated and used for parametric study of system

variables.
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APPENDIX

Performance Calculations

(See Figure 6.5)

Input Parameters Varied:

1) Cold Inlet Temperature: O0°F (255.4°K), 35°F (274.9°K), 70°F (294.3°K)
2} Hot Flow Rate: 100, 300, 500 1b/hr.
3) Cold Flow Rate: 100, 150, 200, 300, 500, 700 1b/hr.

Input Parameters Constant:

1) Hot Inlet Temperature: 70°F (294.3°K)
2) Applied Voltage: 18.5 volts
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Te inlet = 0°F = 255.4°K
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SYSTEM PERFUORMANCE DESCRIPTION DATE 01720777 1237
S4 TE UNITS MODEL NO, CX952«70=31
wIRED AS |A PaWwaALLEL SETS NF 3 UNITS IN SERIES

THEMMOELECTRIC NEVICE PHYSICAL DESCRIPTION
HEIGHT (INCH!z (.4300 NEIGHT (GRAM)= 21,129 RESISTANLCE (OHM)= 1,579
COLD MaCP PER TE VEVICE (waTT«SEC/C)= 0,55448E+02
HOT MeCP PER TE DEVICE (#ATT+SEC/L)I= 0.26973E+03

_ _COLD,MOT,INTERSTAGE CUNDUCTIVITY (wATT/S0 IN/C)= _R,3. 6.3, 20.0 _ __ L
T.E. MATERTAL COmmMm COMM
COUPLE DISTRIRUTIUNSE 70,00 31,00
PELLET #IDTH (INCH)= 0.0550 (.0850
PELLET LENGTH {InCH)= 0,063%0 00,1510
_____SYAGE AnEA_(Sw InCH)= __ 1.4400__ _ 1,8000 _ _ L i o
ALUMINA TrKMS {(InCh)= g.0300 n, 0300
QUS=BAR THKNS (INCH)= G.0L50 n.0320
EXCHANGER FACIOR HOT coLD
FLULD 1YPE #ATER &0XEG
___PLATE_TE™MP (k) __ 316.F7_ 251,89 .. _ e
TRHLET TEAP (K) 294,30 255.40
QUTLET TE~P (K) 316,73 255,32
HT OuT OF FLO(w) =1182,91 144,88
PLTePLT LOSS (%) 17,89 12.85
PRANDTIL wWUMRER q.22663% 231,32°74
REYNULDS WUMHEW 15.33 1,50 o e
T T "HUSSELT nuMkEK 6.3040 5,0151
HEAT TRNSFR CUEF 129.3271 75,0802
PRES DRP(IN H20) N.9169 3,.3508
BEND FIN{IN H20) 0.0001 0.0010
FLUN KT (LR/hr) 190.00 100,00
EXCH #EIGHT (LA} . 41,75 11,860 R o i L
TTFIN LENeTH (1N) 12,000 12,000
LVR LENGTH {IN) 12,000 12.000
FIN HEJGHT (IN) 1,205 0.5190
FIN THKNSS (I} 0.MS 0,015
NUMBER UF FIAS 32.00 32,00
_FIN EPSILUN 0.99801 0.96944 _

STEADY=-STATE SYSTEM POAER CONDITIONS
VOLTAGE (vOLTS) 18,500
CURRENT (aAmPY) Sh.a08
_POWER (#a1T78) 1043,539
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SYSTEm PERFURMANCE DESCRIPTION DATE 01721/77 1240
54 TE UNTTS MUDEL NO. £X952~70¢=31
AIRED A8 1R PARALLEL SETS_OF_ _ 3 UNITS IN SERIES _

THERMUELECTRIC DEVICE PHYSICAL DESCRIPTION®
AEIGHT (INCHI= 0,4300  #EIGHT (GRAM)= 21,129  RESISTANCE (OHM)}= 1,579
COLO MaCP PER TE DEVICE (AATT¥SEC/CY=s 0,55448E+02
HOT M«CF PER T& DEVICE (wATT®SEC/CY= 0.26973E+03
____COLD,ROY,INTERSTAGE CUNDUCTIVITY (WATI/SG InJC)= 6,3, 8.3, 20,

T.E. MATERIAL COMM ClMM
COUPLE uls3TWIBUTION= 10,00 31.00
PELLET alOTH (INCH)= 00,0550 0,0850
PELLET LENGTH {INCH)= 0.0630 0.1510
STAGE anfA (SU INCH)= 1,8400__ _1,4400_
ALUMINA THxNS (INCH)= 0.03%00 0,0300
BUS=BAK THXNS {INCH)= 0,0150 06,0320
EXCHANGER FACTOR 0T coLDd
FLUID TYPE XATER 60XEG
PLATE TEmP (XK}  34k.72 282,21 _ _ _ -
INLET TE%P {K) 294,30 255,40
GUTLET .TEMP (K) 316.67 252.%2
HT Qul OF FLDI(W) =1179,86 153,72
PLT=PLT LUSS (w) 12,63 12.6%
PRANDTL MUMBER S.23048 223,14757
REYNOLDS NumwER 15,32 ~ @,3¢ _ o
NUSSELT NUMRER B,3440 5.0759
HEAT THNSFR COUEF 129.315848 75.9451
PRSS DRP(IN mZ0) 0.01865 4.8u08
RENDO FTIRCIN W24) 0.0001 0.0024
FLOA RT (LR/HK) 100,00 150,00
EXCr AELGHT (LB} 41,75 _ 1l,e0 L
FIN LENGTH (IN) t2.000 12.000
Lve LENGTH {Iw) 12,000 12.000
FIN HETGLHT (1K) 1.705 0.510
FIN THKNSS [IN) 0.015 0,018
NUMBER QF FINS 32,00 32.00
FIN EPSILON _ _ 0.99801  0.90437

P J— - ——— ——— ——

STEADY=-STATE SYSTEM PO#ER C(JNDITIONS
VOLTAGE (VvuLTS) 18,500
CURRENT (AMPS) 56,529
POnER_ (nalT8) 1045,78%5

ORIGINAL PAGE IS
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T.b. MATERIAL COM#m COMM
CUUPLE DISTRIAUTICNS 70.00 31,00
PELLET AIDTH (INCH)= 0.0550 0.0A850
PELLET LENGIR (INCR)= 0.063%0 0.is10
___ STAGE_ANEA (St InCw)=__ 1.4000  1.4400 ) .
ALUMINA THKNS (INCH)= 0.,0300 0.0300
AUS=FKAR THKAS (INCH)Z 0,0150 0.0320
EXCHANGER FA[TOW HUT goLn
FLUID TYPE wATER 60%EG
PLAIE rsgpngt) 117,22 252,79 . .
INLET TE%F (%) 294,30 255.40
DUTLET TEMP (K) 317,17 253,23
HT OUT OF FLB(w) -1206.19 154,25
PLI=-PLT LUSS (W) 12,.h2 12.62
PRANDTL NUMHENW S,.199146 218,.03366
HEYVOLDS NUVHER 15,40 3.19 _ o
NUSSELT MuwBER h, 4440 5.13%4a7
HEAT TRNnSFR COEF 129,4096 Te.8111
PRSS ORP{IN h2D) .64 h.3125
REND FIR{IN M20) 0,n001 0,0042
FLO& RT (LB/HK) 100,00 200,00
EXCH AfIGHT (Lnb) 41,75 11.60 . .
FIN LENGTH (IN) 12.000 12,000 )
LVR LENGTA (IN) t2,.n00 12.000
FIN HEIGHT (I%) 1.205 0.510
FIN THXYNSS (Iw) N,015 D.01%
NUMHER UF FINS 52,00 32,09
_FIN EPSILON B.99RN1 0.83%3095

SYSTEM PERFURMANCE OESCRIPTION OATE 01/20/77 1237
Sa TE UNITS MUODEL NO, €Xx952-70=31
___wIRED AS 18 PARALLEL SETS, _OF 3 UNITS IN SERIES

THERMOELECTRIC DEVICE PHYSICAL DESCRIPTION
HEIGHT (INCH)= D,4300 wEIGHT ((RAM)= 21.129 RESTSTANCE (NHM)=
COLD %#CP PEW TE UEVICE (wWATT#SEC/C)= 0.5544BE+D2
HOT M2CP PER TE OEVICE (#ATT+SEC/C)= 0,26973E+03

 COLD,HOT, INTERSTAGE CONDUCTIVITY (#ATT/SO IN/CIZ 6,3, 6,3, 20,0

STEADY=STATE SYSTEM POAER CONLITIONS
VOLTAGE (VULES) 18,500
CURRENT {aMP8) 5R,3T73

PUNER {naTTS} 1042,897
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SYSTEM PERFURMANCE DESCRIPTION

S4 TE uUNEITS MNDEL NO., CX952=-70«31
AIRED AS 18 PARALLEL SETS OF _ 3 UNITS_IN SERIES

HEIGHT {INCH)= 0,4300

DATE 01/20/77

THERMUELECTRIC DEVICE PHYSICAL DESCRIPTION

COLD MxCP PER TE UEVICE (waT
HUT MeCP PER TE DEVICE (waAlT+5EC/C)= Q.26973E+03

COLD,MOT, INTERSTAUE CONDYCTIVITY (wall/S@ INJC)=.

T.Es MATERIAL c
COUPLE DISTwIBUTIUNE 7
PELLET AIDTH (fANCH)= 0.
PELLET LEMRTH (INCH)= 0.
STAGE aREA (50 INCH)= 1.
ALUMINS TrknS (lncr)z 0,
BUS-RAR THrNS (fNCH)= 0.
EXCHANGER FACIQOR HOT
FLULD TYPE waATER
___PLATE TEwP (k) __ 316,99
INLET fEMP (k) 294,30
OQUTLET TEMP (k) 116,94
MY OuT OF FLO(w) -1194,14
PLT=PLT LOSS (n) 12,48
PRANDTL NUMBER 5.21384
REYNULDS wUMBER. 15.34
T ONUSSETT NumsEx T 6.3440
HEAY TRNSFR (DEF 129,3554
PRSES DRP(IN H20) J.0165
BEND FIN(IN n2u) 0,0001
FLUA RT {Lo/nk) 180,00
EXCH WEIGRT (LR) 41,75
FIN LENGTH [ln) 12.600
LVR LENGTH (INn) 12.000
FInN HELGHT (1IN} 1,209
FIN THENSS (InN) 0,018
NUMBER OF FINS 32,00
FIN EPSILON _  0.99R01

wEIGHT (GRAM)= 21.129

T*SEC/C)=s 0,.SS4UBE+DR

ol COoMM
.00 31,00
0950 0.9350
3630 0.1510
4400 f.4a090

1237

RESISTANCE {(OHM)= 1,579

B3, 6.3, 20,0

0300 T 0,a%00
0150 0.0320

coLn
6OXEG
253,27
255,40
253,90
159,91
t2,u8
214.,15346
4,88
S.2464
18,4666
9,273
n,0094
300,00
11,60
12.000
12,000
6,510
0.01%
32.00
__Db.70118

STEADY=STATE SYSTEM POwER CONDITIONS
VUL TRGE (VOLTS) 18,
CURRENT (AMPS) Sk,
POAER_(naTTS)  104S.

500
Ste
539
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SYSTEM PERFORMANCE DESCRIPTION GATE oOts20/77 1237
S4 TE UNITS MUDEL NO, CX352-70-31
__NIRED A5 1A PAwALLEL SETS OF T UNITS IN SERIES

THERMCELECTRIC DEVICE PHYSICAL DESCRIPTION
HEIGHT ([INCHI®E 0.0300 WEIGHT (GRAM}= 21,129 RESISTANCE (OWM)= 1,579
COLD ¥w#CP PER TE UEVICE (#ATT«SEC/CI= 0_.554anEv02
HOT Mx{P PER TE DEVICE (4ATTASEC/C)I= 0,26973E+03

_ GOLD,HOT,INIERSTAGE CONDUCTIVITY (WNATT/S0 IN/C)= 6,3, 6,3, 20,0 _ e _
T.E. ATERIAL Comm COMM
CUUPLE DI1STRINUTION= 10,00 31.00
PELLET #10TH (INCH)= n.Bss50 0.0850
PELLET LENGTIR (INCH)= 0.0630 Nn.1510
STAGE ARER (SQ InCW)= _ 1,4800 _  Y.4800_ o
ALUMEND THewS (INCHY= 0.0300 0,.0300
BUS-BAR THRNS (INCH)= 0.0150 0.0320
EXCHANGER FACTOR HOY coLn
FLulb TYPE A TER H0%EG
___ _PLATE TEwP €k) _ _ 317,01 253.87_
INLET TEwP (k) 294,30 255,40
QUTLET TEMP (K} 316.96 254,49
HT OUT OF FLD(w) “1195,32 152,95
PLT=PLT L0358 (W) 12,41 12,41
PRANDTL NUMBER 5,21202 210.51846
REYNOLDS NUMRER 15.37  _ B.29 . o L
T TTRUSSELT NuMBER T B, 3040 S.4488 o
HEAT TRNSFR CUEF 129,%691 81.4804
PRSS DEP(IN H20) 0.01a5 15,1972
BEND FTRCIN HEU) n,0001 0.0261
FLON RT (LR/mk) 100,00 500,00
EXCH #EIGHT {LH) _  41,7S 11.60 ) e
FIN LENGTH (IN) 12,000  123.0600 )
LVR LENGTH (IN) 12.000 12,000
FIN MEIGRT (IN) "1.205 9.510
FIN THKNSS (IN) ¥,015 2.015
NUMBER UF FINS 12,00 32.00

FIN EFSILUN _ 0.99801  0,5277%

STEADY=STRIE SYSTEM PUsER CONDITIONS
VOLTAGE (VULTS) 1%.500
CUWRFNT (AMPS) 56,545

PUNKER (wATTS) 1046,079
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SYSTEM PERFORMANCE DESCRIFTION NATE 01/20/77 1237
S4 TE UNITS MODEL NO, CX952=70=31
AIRED AS 1A FAWALLEL SETS DF 3 UNITS IN SERIES

THERMOELECTRIC DEVICE PMYSICAL DESCRIPTION
HEIGHT (INCH)}= 0.4300 AEIGHT (GrRAMY}= 21.129 RESISTANCE (nHM)= 1,579
COLD W#CP PER TE UDEVICE (waTTxS5EC/C)= 0_.55448E+02
HOT MeCP PER TE UEVICE (WaATT=SEC/C)= 0,26973E+03
- EOLD.HOT,INTEKRSTAGE CONDUCTIVITY (waTT/SO IN/CY= &%, 5.3, 20.0

T.E, MATERIAL COMM COoMM
EUUPLE DISTRIARUTIDONS 70,00 31,00
PELLET wIDTH (INCH)= 0, 0550 H.ORSO
PELLET LENGTH (INCH)= 0.0630 0.1510
STAGE awEs (Sy INCH)®  {,4400  f$,d¢00_ .
ALUMINA THRKRS (INCK)= n. 03007 T 9.,0100 "' T
BUS=ARAR THKNS (INCR)= D,01590 NN1520
EXCHANGER FACTUR HOT coLp
FLUID TYPE #ATER 60%EG ,
PLATE TEwP (K} _ 317,39  @s3,8? o
TNLET lemd (k) 294,30 255,40
QUTLET TEmP (K) $17.325 254,15
HT OUT GF FLO(n} e1215,47 161,81
PLT=PLT LUSS (n} 12.44 12.04 !
PRANDTL MNUMRER 5.18865 2UB8,88n5s
____REYTNJLDS MUmBER  15.4% _ 11.70 = e
NUSSELT nuMBER 6, 3440 5.8295
HEAT TRNSFR CUEF 129,413 R ,1771
PRSS DKHP{IN HZD) .01k 21.1168
GEND FTR{IN n20) 0.0001 n,051¢2
FLON KT (LR/mK) 100,00 700.00
__EXCH nEIGHT (L&} 41,75 11,60 ) e e
FIN LENGTH (IN) {2,000 12.000
LVR LENGTr (IN) 12.000 12.000
FIN HEIGHT (1N} 1.205 0.5:0
FIN [THKINSS (1) H.019 0.015
NUMRER OF FINS 32.00 32.00

FIN EPSILON 0.39%02 _ 0. u2¢37

STEADY-STATE SYSTEM POWER CONDITIONS
VOLTAGE (VULTS) 18,500
CURRENT (awP3) Se.403
POwEk (#ATTS) 1043,4u7
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SYSTEM PERFURMANCE DESCRIPTION DATE 01/20/77 1237
S5d TE UNITS mUuDEL NO, CX9S52-70-3)

AIRED AS 14 PaRkaLLFL SETS OF 3 UNITS IN SERIES _ _

THERMUELECTRIC DEVICE PHYSICAL DESCRIPTICN
HEIGHT (INCHIE= 0,8300 #EIGHT (GRAM)= 21,129 RESISTANCE (DHM)=
COLO MaCP PER TE DEVICE (wATTeSEC/C)= 0.5544BE+02
HOT ™MaCP PFR TE DEVICE (wATT*SEC/C)= 0,26973E+03

oo_

1.579

_ _COLD,HUT, INTERSTAGE CUNDJCTIVITY (wATT/3Q IN/CI= _ 6,3, _6,3, 20
T.E. MATERTAL CUMM COMM
COUPLF DTSTRIsUTIONS 70,00 31.00
PELLEF wlDFH tlwWCH)= 0.0550 0.0850
PELLET LENGTH (INCH)= 0,063%0 0.1510
STAGE AREA_ (SA INCR)=  {,4400 __ _ 1,4400 o
ALUMINA TwrNS (INCH)= 0.0300 00,0300
BUS=HAR TMkAS (InCH)= 0.0150 0.03%20
EXCHANGER FACTUR RUT coLD
FLuiD TYPE NATER 60%EG
PLATE TEMP (K) $pu,05_ | 249,47
INLET TEMP (K} 294,30 255,40
QUTLET TEMP (K) 302,82 249,65 -
HT OUT OF FLDI(W) -1347,35 203,67
PLT=PLT LUSS (w) 10.69 10.69
PRANDTL NUMBER 5.17518 24%,35095
REYNULOS NuMBEW _ 39.70 1,42 _
T NUSSELT wU~BER 6,6173 5.0145
HEAT TRNSFR CGEF  12A,2758 75,0859 ° -
PR3S DRP(IN H20) 0,0576 3.5338 Lrte
BEND FTROIN H20) 01,8005 0.0010
FLUA RT (LR/Wk) 300,00 100,00
_ EXChn #EIGHT (LAY av.,7s_ _ Wl.e0 ____
FIN LENGTH (IN) 12,000 12.000
LVR LENGTH (IN) 1p,a00 12.000
FIN MEIGHT (IN) 1,205 0.510
FIN THENSS (IN) 9,018 1.015
NUMBER OF FInS $2.00 32,00

_FIN EPSTLON _ 0,87299  0,96972

STEADY-STATE SYSIE™ POwWER CONDITIONS

VOLTAGE (VOALTS) 14.500
CURRENT {4MP5) 61,564
POWER (wATTS) 1138,932 _
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SYSTEM PERFONYANCE DESCRIPTINN DATE 01/21/77 1240
Sa TE UNITS MUDEL MO, CY952=7e31
. WIRED_AS _ 18 PARALLEL SETS OF 3 UNITS IN SERIES _ __ e
THERWOELECTRIC OFVICE PHYSICAL DESCRIPTION
MEIGHT (INCH)= 0.4%300 wEIGHT (GRaM)=z 21.129 RESISTANCE (OHM)= 1,579
COLD MeCP PER TE DEVICE (WATT#SEC/C)= 0.SS4URE+02
HOT MaCP PER TE DeVvICE (wWATTSEC/C)S 0.26973E+403
e KOLD,HOT, INTERSTALE CONDUCTIVITY (waTT/SG IN/C)Z_ 6,43, . 6.:3: 20,0

T.E, MATERIAL COMM COMM
CUUPLE DISTRIBUTIUNS 70,00 11,00
PELLET alulwW (INCHYI= 09,0550 0,0850
FELLET LENGTH L[EINCH)S 0.0630 00,1510
STAGE aRE& (Su INCWI= _ (,0400 _ 11,4400 e
ALUMINA THXNS [INCH)= n.0300 0,.03%00
BUS=ddr TWHNS (INCH)}= 00,0150 0,.0320
EXCHANGER FaCTOk =0T coLD '
FLUID I1YPE HnATER BOXEG
PLATE TEWP_ (X) 304,10 250.%e¢ _ . _ _ ____ e —
INLET TEwWP (k) 294,30 25%5.u0
QUTLET Teme (X) 4012 . 8% 251.35
HT QUT GF FLOI(w} -1394,.2% e15.673
PLET=PLT LUSS (&) 10,41 10.41
PRANDTL NUMRAFRR ho17834 231,11472
_REYNOLDS NUMUER 39,71 2.25 _ o _ . e
NUSSELT MithgER 6, 0173 S.0752
HEAT THNSFR CORF 126 ,¢801 79,9597
PRSS DRP (1IN n20) N.0576 S.0222
BEND FTR(In n20) 0,000% 0.0024
FLON RT (LR/RR) 400,040 150.00
EXCH NEIGHT (Ln} 41,75 11,60 i e . e
T OFIN LENGTH (Ti) 12,008 12,000
LVR LENGIH (EN) i2.000 12.000
FIN HEIGHT (IWn) 1.205 0,510
FIN THRNSS (IN) n.,01% 0,019
NUMBEK OF FINS 32.00 32.00
_FIN EPSILON_ 0,R7300 _ N.90477

STEADY-STATE SYSTEmM POwWER CONDITINNS
VOLTEGE (VULTS) 18,500
CUKRKENT (amMP3} 61,681
POWER_ (#&TTS) 1141.103
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SYSTEM PERFNRMANCE OESCRIPTION DATE 01720777 1237
S4 TE UNITS ™ODEL NO, Cx952=70-31
__wIRED 4S5 18 PaWALLEL SETS UF 3 UNITS IN SERIES e L e
THEW“MOELECTRIC NEVICE PRYSICAL DESCRIPTION ‘
HEIGHT {InCH)= 0.4300 AFIGHT (GRAM}s 21.129 RESISTANCE (OHM)= 1,579
COLD ¥«CP PFW TE DEVICE (WATTASEC/Cls 0,5S4uBE+(L
HOT M«CP PEr TE DEVICE (WATT#SEC/CI= N.26973E+03
__COLD,HOT, INTERSTAGE CUNQULCTLIVITY (WATT/SQ InN/C)= £,.3, 6,3, 20,0 _

I_E. MAUTERSAL Chmw CQMM
CUUPLE DISTRIBUTINNZ 70.00 31.00
PELLET AIDTH {iNCH)= n,0%590 0.,0A50
PELLET LENGTIH {InNCH)= 0.0630 0.1510
STAGE AREa (849 InCn)= t.44n00 _ t,es00
T ALUMINA TwxM§ (INCHYz — 0,0300 0,0300
BUS=dAR THxAS (INCH)IZ 0.0150 0.0320
EXCHANGER FACTOR HOT CoLD
FLUIND TYPE S4TER &O%XEG
__PLATE TEMP (X)) 304,19 251,87 o L }
T ARLEN TEwR () 294&,30 255.40
CUTLET TEmP (x) 302,94 252,30
HT OuUT CF FLD(w) ~1366,53 220.514
PLY=PLT LUSS («) 10.29 10.29
PRANDTL auMHEK £.16579 224,5992%
_REYNDLDS NumMRER 36,79 .10 o o B _
T NUSSELT NUMKEN 6.4173 S5.1340
HEAT [HNSFR CUEF 1°8,39748 76,8199
PRSS OWF(IN HZ0) U.0575 6.4995
REND FTR(Iwnw H20) F,0005 nN,0nNd2
FLOA RT (LB/KR) 390,00 200,00
___EXCH WEIGHT (LA} 41.75 11,60 o . o
FIM LENGTH {IN) 17.000 12.000
LVR LENGTH (IN) 12,000 12.000
FIN AETGHT (1N} 1.205 0.519
FIN THENDS (IN) n,01s 0,015
NUMBER UF FINS 32.00 32.00
. _FIN EPSILUN 0,87302 0.B3137

STEADY-STATE SYSTEM POWER CONDITIONS
VOLTAGE {vOLTS) 18,500
CURwENT (4WPS) ©1.700
_PuwFr (#ATES) 1341.447
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SYSTEM PERFURMANCE DESCRIPTION
S4 TE uN[TS ~DDEL NO, CX952=-70=31
MIRED AS 14 PAWALLEL SETS OF

[HERMOELECTRIC DEVICE PHYSICAL OESCRIPTION
XEIGHT (GRAMYI= 21,129
DEVICE (wATT#SEC/C)= 0,5504RE+02
(WATT*SEC/C)= 0,26973E403
_ COLD,HOT,INTERSTAGE CUNDUCTIVITY (WATT/SQ IN/C)=

HEIGHT {InNCH)= 0,430y
COLD MxCP PER TE
HOT M*CP PER TE OEVICE

T.E. MaTERIAL COMM COMM
COUPLE DISIR1BuTIGN= 70.00 31.00
PELLET &AIDTH [INCH)= 0,0550 0.0850
PELLET LENGTH [INCH)= 00,0630 0.1510
STAGE ARE4 _(S5G InNCH)=  f.4400 1,4400 _
ALUMINA THYMNS [IwCH)= n,.4300 0.0300
BUS=RAR THKWNS {[nCH)= 0.0150 0.,0320
EXCHANGER FACTON HOT coLD
FLUID TYPE HATER 60XEG
PLATE TEMP (K} 504,24 292,38 __
INLET TEMP (K) 294,30 255.4n
QUTLET TEwWP (K3} 3ve.98 253,28
HT OuT OF FLD(~) -1372.79 225.92
PLT«PLT L0OSS (=) 13,16 10,16
PRANDTL NUMBER b.16278 218,.10911
__ REYNOLDS NUMBEN 9,77 4,79
NLUSSELT NIM3ER H.U173 5.2456
HEAT TRNSFw CCEF 128,4048 TA.UKRAS
PRSS DHP(IN nHZ0O) 0.0575 99,4570
BEND FTR(IN HED) 0.0005 06,0094
FLON w1 (LB/rmK) Ing.00 300,00
EXCn AEIGHT (LA) 41,75 . 1t.60_
FIN LENGTH (W) 12,000 12.000
LVR LENGTH (]N) 12,000 12.000
FIN HEIGHT (IN) 1,208 0.510
FIN THKNSS (IN) 0,015 0,019
NUMBER UF FINS 32.00 32,00
FIN EPSILUN_ D.87503  0,70149

STEADY~STATE SYSTEM POAER CUNDITIONS
VOLTAGE (VOLTS) 18,500
CUKKENT (a%PS) 61,745
POAER. (NATTS)  1142.277 _
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SYSTEM PENFURWANCE DESCRIPTION 1237
5a IE UNITS «0DEL NO, CX952«70=~31

#IRED AS 18 PArALLEL SETS OF 3 UNITS IN SERIES

OATE 01/70/77

-

THERMCELECTRIC DEVICE PHYSICAL UESCRIPTION

HEIGHT [INCH)= Q,4300 WEIGHT (GRaM)= 21.129 RESISTANCE (OWM)}= 1,579
COLD MaCP PER TE DEVICE (wATT*SEC/C)S 0,55448E+02
HOT %aCP PEx TE QEVICE (WATT=SEC/C)= 0,269T73E+03
___COLD,HOT, INTERSTAGE CONDUCTIVITY (NATT/SU IN/C)= B,3, _ 6.3, _20,0
T.E. MATERIAL CoM™ CNAMM
COUPLE DISTRINMUIIONS 70.00 31.00
PELLET aAINTH LINCH)= 0.0550 .0850
PELLET LEWGTH [InwCH)= G.0630 90,1510
STAGE awrd [5G InNCH)Z 1,4200 _  1.8400 o
ALUMING TheNS (INCH)= 0.0300 6n.0300
BUS=BAR THRNS (I~NCH)= 0,0150 0,03%20
EXCHANGER FACTOR HOT coLo
FLulo TYPE HATER 60%EG
PLATE TEMP (%) $04,27 | 2%52.95 . . —
INLET fEmP (X)) év4a, 30 255,40
DUTLET TEMP (K) 303,00 254.11
HT OUT OF FLD(w) 1 376,98 230,41
PLI=PLT LOSS (&) 10,05 10,05
PRANDTL WUMRER &.16077 212.87389
_ REYNDLDS NUMRER 39,78 -B,19 _ ) o
T TNUSSELT NumBER T T e,e173°  S.uwaso 7 -
HEAT [RabFR COEF 128,309% 81.4769
PrRSS ORP(IN H20) 0., 0575 19.3754
REND FTR(IN H20) G.0005 n,0e61
FLOA RT (LA/HR) 300.00 500.00
__ EXCH AEIGHT {LR) = 41,75 _  1t.80 _ e e e _
FIN LENGTH (IN) 12,000 12.000
LVYR LENGTH (IN) 12,000 12,000
FIN HEIGHT (IN) 1,205 0,510
FIN THXNSS {1IN) 0,019 0.01%
NUMBER UF FINS $2.00 32.00
FIN EPSILON __ 0,87303  0,52792_

STEADY~STATE SYbTew PUOANER CONDITIONS

VOLTAGE (vOLTS) 18,500
CURRENT (AMPS) 61,787
PUSER_ (#aTT$) 1142,973%
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/20/77 1237
S4 TE UNITS MUDEL ND. CX952-7Qe73%
___AIRED AS__ 18 PARALLEL _SETS OF _ 3 UNITS IN SERIES

THEWMODELECTRIC DEVICE PHYSICAL ODESCKRIPYION
HEIGHT (INCHI= C0.4300 WEIGHT (GRaM)z 21,129 RESISTANCE (OHM)= 1,579
COLD MxCP PER TE DEVICE (WATT«SEC/C)= 0,5544B8E+02
HOT “+CP PER TE OEVICE (wATI*SEC/C)= n.26%73E+03

___COLD,MOL,INTERSTAGE CUONDUCTIVITY_ (WATT/SG IN/C)=s 6,3 _ 6.3, 20,0 .
T.E, MATERIAL COMM COuM
COUPLE DISTRIBUT[ON= 76,00 31,00
PELLET WIOTH (INCH)= 0.0550 0.0850
PELLET LENGTH (INCHY= n,0630 00,1510
STAGE AWEA (SQ I[NCm}= ___ 1.4a00__ _Y.aa@00__ o - .
ALUMINA THENS (INCH)E 06,0300 90,0300
_. BuS=3aAR THKNS (INCH)= #.0150 0.n320
EXCHANGER FACTOR HOT coLD
FLUID TYPE WATER HOYEG
PLATE TEP (K)  _ 304,29 253,21 e
INLET TEMP (&) 294,30 255.40
DUTLET TEwP (k) in3.n2 254,47
HT OUT UF FLD(wW) -1379.84 232,20
PLT=PLT LUSS (w) 10,01 10,01
PRANDTL NuMBEK 5.15935 210.61755
REYNULES ~NUMEBER 39.79 11,60 i o e
NUSSELT NUMBER 6,4173 S.62R7
HEAT TRNSFR CULF 128,.31°79  #4,1711
PRSS DRP(IN H20) uy0575 21.3007
BEND FIR(IN m20} 0,.0005 0,0512
FILOA RT (LA/kR) 300,00 700.00
EXCH AEIGHT (LR) 41,75 11,60 . L e e .
T FIn LENGTR f Ew) 12.000 12,000
L¥R LENGFW (In) 12.000 12.000
FIN HEIGHT (In) 1.705 0.510
FIN THRNSS (Ln) n,015 0,015
NUMBER OF FINS 32.00 32,00
_FIN EPSILCN ULATINA _ 0,42447

STEADY=STATE SYSTEM POWER CONDTTIONS
VOLTAGE (VOLTS) 18,500
CURRENT (AMPS)} 51,796
PUMER (waTTS) 1143,228

ORIGINAT PAGE 13 ;
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e LOED,MOT, INTERSTAGE CONDUCTIVITY (wATT/SAQ IN/CI=_ 6,3, 6,3, 20,0 _

SYSTEM PERFORMANCE DESCRIPTION
Sy TE UNITS wODEL NO, CX9S2-70-3%
ANIRED a8 A PARALLEL_SETS OF

THERWOELECTRIC DEVICE PHYSICAL OESCRIPTION®

REIGHT (INCH)S 0,4300 HETHHT (GRAM)= 21.129

T.E. VATERIAL
COUPLE OISTRIBUIION=

PELLET #IDTH (INCH)= a
PELLET LENGIR {INCH)= n
STAGE _AWEA (SG_INCHI= _ 1
ALUMINA THKNS (INCH)= 0
BUS=BAR THXNS (InCH)= 0

EXCHANGER FACTOR HOT
FLUID TYPE WNATER
PLATE TE®P (k) 301,64
INLET TEMP (K) 294,30
QUTLET TE%P (K) 299,52
HT QUT OF FLD(w) -1377.02
PLT=PLT LGSS (w)} 19.28
PRANOTL NUMBEKR b.33784
REYNULDS NUWnER h3, 76
NUSSELT NUMAER 68,4947
HEAT TWNSFW CUEF 1292126
PRSS ORP(IN H2Q) d,1600
BEND FTR[IN m20} 0,0013
FLOA RT (LA/HR) 500,00
EXCH_ELGHT (LB) 41,75
FIN LENGTH (IW) 12.000
LVR LENGT< (IN) 12.000
FIN MEIGHT (IN) 1.20%
FIN THENSS [Tt} n.ots
NUMBER OF FINS 32,00
_FIN EPSILON  0.71157

COMM CoMm
70,00 31.00
. 0550 0,.0850

L0630 0.1510
L8000 1,.,4400

.0300 0.0300
0150 0.0320

coLd
60XEG

245.72185
T 5.0144
75.0908
1.5699
n.0010
100,00
11,60

"12.000
12.000
0,510
0.015
32,00
_n.Q§97&_

STEAQOY-STATE SYSTEmM PONER CONDITIONS
VOLTRGE (vOLTS) 18
CukwENT (aMPS) 62

PUONER (wATTS) 1197

.500
«581
- 754

74
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DATE 01/20/777

1708

RESISTANCE (OHM}z
COLD “xCP PER TE DEVICE (waATT«SEC/CI= 0,5544B8E+02
HOT M#*CP PER TF DEVICE (WATTASEC/C)= 0.26973E+03

1,579




SYSTEM PERFURMANCE DESCRIPTION UATE 01/21/77 1240
S4 TE UNITS ™DDEL N, CX952-70-31
IRED AS__1A_PsxaLLEL 3EYS OF ___3 UNITS IN SERIES _ _

THERWMUELECTRIC DEVICE PHYSICAL DESCRIPTION
HEIGHT (INEH)= 00,4300 wEIGHT (GRAM)= 21,129 RESISTANCE (OHM)= 1,579
COLO MxCP PER TE NeVICE (waATT«SEC/CY= N ,SSAUdE+D2
HOT “*CP PEw TE UEVICE (wAT{*SEC/C)= 0,26973E+03

e _COLD,HOT, INTERSTAGE CONDUCTIVITY (waTT/SR IN/C)=_ 6,3, _ 6,3, 20.0_ _
[,E. MATERIAL CRMpm COvM
COUPLE DISIRInUTIONS 10.00 31.00
PELLET wIOTH (INCH)= 6.0550 0.085%0
PELLET LE&GTH (InCR)= 80,0630 0,1510
STAGE AWEA_(SH_InCn)= 11,4800 _ 11,4400 _ _
ALUMINA THKRS (INCHYI= 0,0300 0.0300
} BUS=dAR THKNS (IwCh)= 6.0150 0.0%20
EXCHANGER FaCTUW H0T coLh
FLUIO TYPE &ATER 60%EG
FLATE TEMP (K] _ 301,69 2S0.67_ e
INLET TEwWP (x) 294,30 755,40
OUTLET TEwP (K) 299,56 251.12
HT QuT 0OF FLD(#) -1336,90 227,67
PLT~PLT LOSS (#) 9.99 9.99
PRANDTL NUMBER R.U3520 232,72792
REYNULOS wyuMBER B3.TR __ _ Be28. __ o _
NUSSELT wUMAER 6h,u947 5.0751
HEAT TR&SFR CUEF 129.2184 75,9629
PRSS5 DRP{Iv H20} d.t000 5.059n
BEND FTIRCIN maU) n,0013 0.002u
FLON RT (LA/tMKk) S00,00 150,00
EXCH NEIGHT (LW) 41,75 ___ 1.0 _ e
FIN LENGTH {IW) 12.000 12.000
LVR LENGTH (IN) 12,000 12.000
FIN HEIGHT (1IN} 1.e0% 0.510
FIN THKNS5S (IN) n,01% 0.015
NUMHER UF FINS 32,00 32,00
FIN EPSILON_ __ 0,71158 __0.90u4a5

STEADY=STATE SYSTEM POWER CONDITIONS
VOLTAaGE (vOLIS) 18,508
CURRENT (AaMPS) b2.86G7
PO~Ex (WaTTS) 1159,889

ORIGINAY: PAGE 1S
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SYSTEM PEXFORMANCE DESCRIPTION DATE 01/21/77 1109
Sa TE UNITS MONEL NO, £X952-70=3t
REU AS 18 PARALLEL SETS OF _ 3 UNITS IN SERIES

THERMOELECTHIC DEVICE PHYSICAL NDESCRIPTIONT
IGHT (INCH}= 0.,u43u0 AEIGHT (GRAM)= 21,129 RESISTANCE (OHM)= 1,579
LD 4#CP PER IE DEVICE (#ATT®SEC/C)= 0,.55ud3Er02
UT ™«CP PER 1E DEVICE {(wATI*S5EC/C)= 0,26973E+03
LD,HUT, INTERSTAGE CUNDUCTIVETY (waTT/SQ IN/C)= 6.3, _ 6,3, 20.0

T.E., MATERIAL COMM COMM
COUPLE OISTRIBUTIUNZ 7T0.00 31,00
ELLET wIDTH (INCH)= 0.0550 n.0850
ELLET LENGTH (INCH)= n.0610 N,1510
TAGE AREA (SN INCH)= 1,40800 _t.a4a00 -
TUMINA TRKNS (INCRI= — a.38%00  d,n0300 )
US=BAR THENS (INCH]= 0.0150 N.0320
CHANGER FaACTOQR HOT cOLD
FLUED TYPE waATER ®OYER
PLATE TEMP (K} 1,73 251.46
TRCET TEME (XY~ 294,30 #85.,a9 ~— T T T TmTTTT S oTT T
UTLET TEMP (k) 2Q9 59 #5212
OUT OF FLU{w) -1394,99 233,10
T=PLT LUSS (W) 9,45 9,89
PRANDTL NUMBER b.a32Tu 225,R30R7
EYNUILNDS KUMARER 63,81 3.04
JOSSELT wmismRER™® &, 0947 5.1339¢ ~ T Tt oTmorrn o rTmm T v e
AT TwNSFe CuEF 129,22%8 7b.8218
SS DRP(In ®2W) g,1000 haS569
ND FTR(IY m20) a4,0013 0.0042
Lua BT {(L3/HR) 500,130 200,00
EH AEIGHT (LR) 41,15 11,60 _
TTTTTINTLENG TR {Iw) 12.000 12.000 ) o T oo T
VR LENGTH (IN) 172.006 12,000
IN HEJGHT (IN) 1.205 0.510
IN THKNSS (1a) 0,015 0.019
NUMRER OF FINS 32,00 32.00
__FIN EPSILUN  0.T71159 0,83125

TEADY=STATE SYSTEM POWER CONDITIONS
VOLTAGE (VULTS) 1R, 500
CURRENT (amMi8) 6P .TUR
_PuwER (naTTS) 110,931
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_ wIRED 45 _ 14 PARALLEL SETS OF _ 3 UNITS IN SERIES |

COLD,HUT, INTERSTAGE CONDUCTIVITY (WATT/SQ IN/CI= 6.3,  £.3, 20.0

SYSTEM PERFURMANCE DESCRIPTION BATE 01/720/77 1237
54 TE uNITS MOOREL WO, CX952«7Nne3i -

THERMDELECTRIC DEVICE PHYSICAL DESCRIPTTON
HEIGRT (INCh)= 0,4300 HEIGHT (GRAM)S 21,129 RESTISTANCE (OMM)= 1,579
COLD MxCP PER 1E UEVICE (waATT«SEC/C)= 0,.5S40BE+D2
HOT MxCP PER TE DEVICE (wATT#SEC/C)= 0,26973E+03

T.E., MATENRTAL COM™ COMM
COUPLE DISTRIBUT[un= 70,00 21,00
PELLET wI0Tw (INCH)= 0,0550 0,N850
PELLET LENGTH {(INCH)= f,0630 0.1510
STAGE AREA {80 InwCr)= ___ 1,4400  1.4400 —
ALUMINA THXKNS (InNCH)= 0,0300 n,0300
BUS~BAR THKNS (INCH)= 0,0150 68,0320
EXCHAWGER FaCTUR HOT coLp
FLUID TYPE wATER 60%EG
PLATE TEMP (X) ~ 301.74 852428 _
INLET Tewr (%) 294,30 255,40
QUTLET TEMP (x} 299,57 293,17
HT OUTl OF FLN(A) -1404d,42 23A,48
PLT«PLT LOSS {4a) 9,71 9,714
PRANDTL NUMBER 6,47933 21R,87123
REYNUOLDS Numdpk 63 ,.A4 .77 - _ — e e e e oo
T U NUSSELT MuMpEs b.4947 5,2455
REAT TRNSFR CUEF 1°9.2%513 74,4689
PRSS DRP(IN m20) U.N959 G,a917 !
BEND FTr(INn w20 U013 00,0094
FLOA RT (LH/KHR} 500,00 300.00
__ EXCH #EIGHT (LB} 41.75 11,60 e, e
FIN LENGTH (IN) 12,900 i2,000
LVR LENGTH (IN) 1e.000 12,0040
FIN MEIGHT (1w 1.205 0.510
FIN THEKNSS (IN) 0,015 0,015
NUvgEk UF FINS 32.00 32.00
FIN EPSJLON Q. 71160 0,70199

STEANY=-STATE SYSTEWM PUNER CONDITIONS
VOLTAGE (vulTs) 18,300
CURRENT [A%PS} £2.790
CPUNER (WATTS) 1161.607

_ i
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SYSIF» PERFORMANCE DESCRIPTION DATE nt/20/77 1237
94 TE UNITS MUDEL NO, Cx§S2-70-31
___WIRED_AS _ 18 PARALLEL SETS OF 3 UNITS IN SERIES . . o
THEXMUOELECTRIC DEVICE PHYSICAL ULESCRIPTION *
HEIGHT (INCH)Z 7,4300 aEIGHT (GRAM)= 21.129 RESISTANCE (OHWM}= 1,579
COLD MsCP PER TE DEVICE (wATT#SEC/C)= 0,55448E+02
HOT MxCP PER TE UEVICE (wATT#SEC/C)= n.26973E+03
_ COLD,mOT,INTERSTAGE CONDUCTIVITY (wATT/SU tnsCl= 8.3, A3, 20,0

1.E. wATERIAL COoMm COMM
COUPLE DISTRIRUTIONS 70,00 31.00
PELLET AIRTH (INCH)= 0.0550 0.0850
PELLET LENGIH [INCH)= 0.0630 0.1510
STAGE AREA (50 INCH)= 1.4400 1.,4400 i
TURLUMEINE TWxnS (IaCH)= 70,0300 77 g.0%300
BUS=HAR THXNS (INCH)S 0.0150 0.0320
EXCHANGER FACIOR HOT coLD
’ FLUIN TYPE 4ATER 60%EG
PLATE TE%P_(K)__ 30t,81  252.82 . o - L
T INLET TEMP (LK) 294,30 255,40
QUTLET TE~P () 299,65 254,04
HT QUT UF FLD(n) =~1409,57 243,04
PLT=-PLT LUSS (w) 9.60 .60
PRANDTL NUMBER 6.u277a 213%3,31674
___ REYNULDS NUMKER 3,85 B.1T . o e
T NUSSELT NUMBEHR b.4947 55,4478
HEAT TRNSFR COEF 129,23448 Ry 4762
PRSS DRP(1lwn mPD) 0.0999 15,4039
BEND FTIR(IN m206) 0,0013 n.o261
FLOAN RT (LR/HR) 500,00 500,00
___EXCH #EIBHI (LR) 41,75 _ 11,60 . . i
FIN LENGTH (IN) i2.000 12.000
LVR LENGTH (IN) f2.000 12.000
FIN HEIGHT (IN) 1.205 0.510
FIN [HKNSS (IN) n,015 0.01%
NUMBER OF FINS 32,00 32.60 -
___ FIN EPSILOMN 0, 71160 _ 0.952795 e i
STEAQY-STATE SYSTEM POwER CONDITIONS ‘
VOLTAaGE (vULTS) 13,500
CURRENT (AMPS) 62.831

POAEx (naTl5)  1162,.369
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SYSTEm PERFURMANCE OESCHIPTION DATE 01/20/77 1237
54 TE UNITS MUDEL NU, CX952-T0-31
WIRED 4S8 18 PARALLEL SETS OF 3 UNITS IN SERIES

THERMOELECTRIC DEVICE PHYSICAL NDESCRIPTION
HEIGHT (INCRI= 0,4300 nEIGHT (GRAMY}= 21,129 RESISTANCE (OHM)z 1,579
COLD M#+CP PER TE LEVICE (wATT*SEC/C)= 0N_SSUUBRE+Y2
HOT Ms+CP PER TE VEVICE (WATT®SEC/C)= 0.26975E+¢03
COLD,ROT, INTERSTAGE CONDUCTIVIIY (WATT/SR IN/C)= 6,3, 6.3, 20,0

T.E. MATERIAL COMM COMM
COUPLE DISIRIBUTION= 70,00 31.60
PELLET #I0TH [INCH):= 0,0550 0.0850
PELLET LENGTH (INCH)= 0,0630 0,151¢0
____ STAGE AREM (SG INCH)= 11,4800 _ 1,4400 e .
ALUMINA THKNS (INCHIZ  0,0300 0.0300
BUS=BAR THKNS (INCH)= 0.0150 0,0320
EXCHANGER FACTOR HOT coLD
FLUID TYPE #ATER S0YEG
PLATE TEMP (X) _ 301,83 253,08 i
INCET TeMmP (k) 294,30 255,40
OUTLET TemP («) 299,66 254, 42
HT OUT OF FLB{#) -1412,b4 2us,27
PLT=PLT LOSS (w) 9,.5% 2,55
PRANDTL NUMBER b,d42661 210,93621
REYNOLDS NUMRER 653,86 11,58 e .
NUSSELT NUMAER h.0947 5.6285
HEAT TWRNSFR CUEF 129,2373 84,1700
PRSS DRP(IM H20) 0,0999 21,3344
REND FTR(IN H20) 0.00t3 n.ost2
FLOAN RT (LR/nK) 500,00 700,00
_ ExCH AEIGRT (LW) _  a1.75 leeo
FIN CERGTH (InY 12,000 12.000
LVR LENGTH (IWN) 12,000 12.000
FIN HEIGHT (IN) 1,205 0.510
FIN THXNSS (1IN) 0,015 0,015
NUMRER OF FIng 32.00 32.00
FIN EPSILOUN U.71161__ 0,42449

STEADY«STATE SYSTEM PURER CONDITIONS
VOLTAGE (VULTS) 18,509
CUHRENT (AMPS) b2 846

e PO4ER (WATTS) 1162,B52

=3 E}Iﬁ
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T. inlet = 35°F = 274.9°K
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SYSTEM PENFUXMANCE DESCRIPTION DATE 01/20/77 1237
5S4 T€ UNITS 4ODEL NO. Cx952-70=31
#IRED AS 18 PawaLLEL SETS OF 3 UNITS IN SERIES

THERMUELECTRIC NEVICE PHYSICAL DESCRIPTION

HEIGHT (INCHI= 0,.4305  WEIGHT {GRAM)= 21,129 HESISTANCE (OHM)=z 1.579
COLD Y+CP PER TE DEVICE (wATT®xSEC/C)= 0,.55448E£+02
HOT wxCP PER TE VEVICE (AATT®=SEC/C)= 0.26973E+403

_COLD,RUT, INTERSTAGE CONDUCTIVITY (WATT/S0 IN/C)= 6.3, _ 6.3, 20,0

T.E, MATERIAL COMu COMM
COUPLE OISTRIRUTIUN® 719,00 31,00
PELLET AI0Tm LINCH)= 0.0550 0,08%0
PELLET LEWGTH (INCH)= 0.UB%0 0.,1510
STAGE AREA (50 ImCnm)s _ 1,4000 __ 1.4400___ _ .
ALUMINA THRNS (INCH)S 0,0300 ¢.0%00
BUS=BAR THKNS (INCH)= 0,0150 4.0320
EXCHANGER FACTUR HOT coLb
FLUID TYRE WATER 60XEG
PLATE TemP (K) 319,22 _ 267,66 i
INLET TEHP (K) 294,30 274,90
OUTLET [EMP {K) 319,17 267,92
HT GUT NF FLO{w) =1311.66 259.25
PLT=-PLT LUSS (n) 10,10 10,10
PRANDTL Mu*d4ER 5.082%5 91.38002
REYNOLDS ~UwRER 15,71 4.01 | _ _ e e e o e —
T NUSSELT nusMAER 0 65,3439 S.0266
HEAT TwNSFR CUEF 129. 7610 74,4676
PRS5S NDRPLIN n2y) 0,0161 1.2625
REND FIR{IN H2Q) 0.0001 0.0011
FLO# KT (Ld/HR) 100,00 100,00
___ExCH aEIGHT (LB) 41,75 Yoo
FINLENGTH (IN) 12,000 12.000
LVR LENGTH (IN) 12.000 12,000
FIN HEIGHT (INn) 1.205 0.510
FIN THENSS (1IN) 0,015 0.015
NUMSER UF FINS 32,00 32.00
_FIN EPSILUN_ 0,99R03 0,963u86

STEAQY-STATE SYSTEM PUWER CONDITIONS
VULTAGE (vuLTs) 18,500
CURKEnNT (aMPS) 56,962
Puathk (AafTS) 1053,802

15
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SYSTEM PERFUORMANCE DESCRIPTIUN DATE 01/21/77 1240
G4 TE UNITS MUDRL ND, Cx957~-70«31
____ _WIRED _AS 1A PawALLEL SEIS OF 3 UNITS IN SERIES__ . _ e
THEMMOELECTRIC DEVICE PHYSICAL DESCRYPTION
HEIGHT (INCHM)I= 00,4300 «~EIGHT (GRAM)E 21,129 RESTISTANCE (OHM}=z 1.579
CULD 4“*CP PER ITE VDEVICE {NATT*SEC/C)= 0D.SSQ4RE+(2
HUT MxCP PEx TE DEVICE (wWATT#SEC/CY=2 0,26373E+(03

_ COLD,HUT,INTERSTAGE CONDUCTIVITY (WATT/SQ IN/CI= _ 6,3, _ A 3y 20,0 __ . . .
T.E. MATERIAL toMM COMM
CUUPLE UISTRIBUTIONS 70.00 31.00
PELLET aIDIH (INCH}= 0,0550 0,0RS50
PELLET LENGIH (INCH)= 0.0630 N.1510
STAGE_AREA_[S® INCH)= _ 1,4400 _ i,4a00 . .
ALUMINA JHKNS (INCH)® 0.0300 00,0300
BUS=dAk THXNS (INCHI= 0.0150 0.0320
EXCHANGE® FACIOR HOT coOLD
FLUID TYRPE “ATER 60XEG
PLATE_JEMP (k) 319,32 269,41 _ e
INLET TEYP (K} 234,30 274,90
OUTLET TEMP {K) 319,18 270,00
HT OuT UF FLO(w) -1311.94 273.43
PLT=PLT LOSS (#) 9.76 .76
PRANDTL NUMBER S.08261 A7,36576
REYNULDS WuMbEw 15.71% e 32 _ )
T RUSSELY WUMREN b,3u39 5,0949
HEAT TRNSFR CULF 129,768 75,4108
PRSS ORPLIN H20} G,0161 1.8068
BEND FIR(IN H20} 0.000t 5.0024
FLOA RT (LA/+N) 100,00 150,00
___ExCh WEIGHT (L8] 41,75 11,86 ~ _ _
TFIN LENGTH (IN)T 12,000 i2.,0086
LVR LENGTH (IN) 12,000 12.000
FIN HELIGHT (IN) 1.205 0,510
FIN THKNSS [IN) 0.N1S 0,015
NUMBER OF FINS 32.00 32,00
_FIN EPSILON _ 0,99803  0,.89724

STEADY=STATE SYSTEM PONER CUNDITIONS
VOLTAGE (vULTS} 18,500
CURRENT (aMP3) 57.12%
PUNER (wATTS) 10S6,811
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SYSTE™ PERFURMANCE DESCRIPTION
Sa TE UNITS MONDEL N0, CX952~70=31
NIREDQ_ &S 18 PAKALLEL SETS OF 3 UNITS IN SFRIES_

DATE 01/21/77 1109

THERMDELECTRIC NEVICE PHYSICAL DESCRIPTION

AEIGHT [1NCH)= D,4300 wEIGHT (GRAM)=z 21,129 RESISTANCE (OHM)= 1,579
JOLD ¥MaCP PER TE REVICE (AATT2SEC/CY= N.5S4UKE+D2
HOT M*CP PEW [E DFVICE (WATT=SEC/C)= 0.26973E+0%
e _20LD,HUT, INTFRSTAGE CONDUCTIVIFY (WATT/S50 IN/C)= _6,%,. &.3, 20.0 _ . __ _.
T.€Ea MATERIAL COMM COMM
COUPLE OISTRIBUTIONS 70.00 31,00
PELLEY #10TH LINCH)= 0.NSS0 n, 0850
PELLET LENGTH (InCH)= 0.0630 0.1510
___ STAGE_ARES (5% InCH)=z . 1.4400 _ 1,4200 i
ALUMINA THXNS {INCH)= 0,0300 0.0300
BUS-BAR THKNS (EnCHY= 0.0150 0.0320
SXCHANGER FACTGR HOT coLD
FLUIN TYPE #ATER 60%ER
_PLATE TEMP (K} 219,30 210.30  _. o e e e e
INLET TEWP (K) 294,390 274,90
OUTLET TEMP (x) 319.75 271,15
4T QUT OF FLO(w) ~1315,74d 279,81
ALT=PLT LNSS (4] Q.60 Q9,60
FRANOTL NUMZER 9.07RLS  BS,26795
__ REYNOLDS_ mU™BER 15.72 R.6S __ _ L i e
NUSSELT NUMAER b.3d19 S.161%
4EAT TwNSFR CUEF {eg,7798 THa3905
IRGS DRP{IN H20) 0,05kt 2.3491
IEND FTRII W H2G) n.an001 n,0na2
FLOX KT (L47hR) inn, 60 200,00
_ IxCH AEIGHT (L4)_ 41.75 .60 P
FIN LENGIH (IN) 12.000 12,000
Lvik LENGTH (IN) 12,000 12,000
FIN AF1GHT (IN) 1,205 0.51n
FIN THKNSS (IN) 0,015 0.n15
NUMBER (OF FINS 32 .00 32.00
FIN FPSILON 04,9988 3 n.81%25

STEADY=STATE SYSTEM POwWER CONODITIONS
VOLTAGE (VULTS) 18,500
CURIENT (AMPS) 57.178
PONER (waATTS) 1087,795
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___MIRED AS 18 PARALLEL SETS OF 3 UNITS IN SERIES

___ COLD,RUl, INTERSTAGE CONDUCTIVITY (WATT/SQ IN/C)= 6,3, 6,3, 20,0

SYSTEm PERFURMANCE DESCRIPTION OATE 01/20/77 1237
Sa TE UNITS “OUEL NO, CX952=-70-3}%

THERMOELECTRIC DEVICE PHYSICAL DESCRIPTION
HEIGHT (INCr)2 06,4300 #EIGHT {GRAM)Z 21,129 RESISTANCE (0OMM)= 1,579
COLD MsCP PEW TE DEVICE C(WATT#SEC/C)= 0.SSGUBE+02
nOT MaCP PER TE OEVICE (NATT*SEC/C)= 0.26973E+0%

T.E. MATERIAL COMM COMM
COUPLE vISTRIBUTIONS 70.00 31.00
PELLET #IDTH (INCH)= n,0550 0,0850
PELLET LENGTH (INCH)= 0,0R30 0.1510
STAGE 4KEA (S§U_INCH)= _ 1,4000__  {.4400 _ . e
ALUMINAE THANS (INCH)= 90,0300 0.0%300
BUS=34R THKMS (INCH)= 0,0150 0.,0370
EXCHANGER FACTOR HOT cCOoLD
FLULD TYRE NATER 60%EG
PLATE_TEMP (X) 319.54 271.18 ) - e .
TNLET FEMP (k) 294,30 214,90
OUTLET TEmMP (K) 319.49 272.36
HT QUT OF FLU(4) -1324,70 2RuU. T8
PLT=PLT LULSS (w) $.47 9,47
PRANDTL “UMBER 5.06395 83,12381
REYNOLDS NUYRER 15.76 13.3% L } e
T NUSSELT NUvstw 6.5439 S5.2891
HEAT TrAGFw CUEF 129,4251 78.2492
PRSS DRP(IN H2R) 0.0181 3.4333
BEND FTR(1wN H2U) g.0001 0,0095
FLOA RT (L%/hK) 160.00 200,00
EXCH WEIGHT (Lo} 41,75 11,60 . . o e
TTOFIN LENGTH (1w 12.000 77 12.000 o7 -
LVR LENGTH (1w} 12,000 12.000
FIN HEIGHRT (1IN} 1,205 0.510
FIN TmKNS3S (1N) 0.015 0,019
NUMBER UF F NS 32.00 312.00
FIN EPSILOLN. 0,99804 _ 0,68337

STEADY-STATE SYSVEM PUWER CONDTTIOUNS
VOLTAGE (vOLTS) 18.500
CURRENT (AMPS) 57.160
PURER_(naTTS)  1057,464
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SYSTEx PERFURMANCE DESCRIPTION DATE 01/20/77 1237
S4 TE UNITS MUDEL NO, CX952«70+31
#IRED AS 18 PARALLEL SETS OF % UNITS IN SEWIES

THEXMUELECTRIC QEVICE PHYSICAL DESCRIPTION
HEIGHT (INCH)=Z 0,4300 AEIGHT (GRAM)= 21.129 RESISTANCE (OHM): 1,579
COLD ™aCP PER IE DEVICE (AATT#SFC/C)= 0,S544RE+02 .
HOT 4CP Pew TE DEVICE (AATI®SEC/C)= 0.269/3t+03
. COLD,AUT, INTERSTAGE CONDUCTIVITY (WATT/SQ IN/CIS_ 6,3, _ 6,3, 20,0

T.E. MATERIAL CnMv COMM
CUMPLE OTSInlgUTIuns 10.00 31.00
PELLET Al0OTH (INCH)S 0,055 0.0850
PELLET LENGTH (INCH}= 00,0630 0.1510
STAGE AREA (5@ [NCH)= t,6400 1.4400 o o )
T ALUVINEG TRiNS (INCH) = a.0300 0,0300
BUS=3AR THrNS (InCH)= 0.0150 0.0320
EXCHANGER FaCTO®R HOT coLp
FLUID TYPE AAMTER 60%EG
PLATE TEMP (K)  319,9% emn,90
IHLET TEWP (K) 294,30 274,99
OQUTLET TEWP (K) 319,91 2713.38
HT 0OUt UF FLULIW) =1350,79 287 .26
PLT=PLT LUSS (w) Q,42 g,42
PRANDTL WUMRERW 5.03819 A1,40005
___ _RETYNOLDS NUMBER 15,82 2.7y o el
NUSSELT NUMRER 6.3439 5.523%1
HEAT THNSFW CuEE 129.9030 &1.6Ab6 E—
PRSS DRP(IN heQ) 0. 01RD S.6073 :
BEND FTR.{IN H20) 04,0001 0.0264
FLOX &1 {LR/HK) 100,00 500,00
EXCH WEIGHT (L&) 41,75 11,60 e _ e e
FIn LENGTH (In) ~ 12,000~ 12,000
LVR LENGTH {IN) 12,000 12.000
FIN HEIGHT [IN) 1,205 0,510
FIN THRNSS (In) 0,015 0,015
NUMBER OF FIRS 32.00 32.00
__FIN EPSILUN 0.99504 0.51209

STEADY-STATE SYSTEM POwER CONDITVIONS
VOLTAGE (VOLTSH) 18.900
CURRENT (A%PS) 57,4057
PUSER [MBTTS) 1055,553
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SYSIeEm PERFURMANLCE DFSCRIPTION DATE 01/20/77 1237
54 I UNLITS w0GEL w0, CX952=70=31
A#IMED 85 1# PaRalLLEL ScTbd UF § UNITS In SEKRIES

THERWURLECTRIC DEVICE WHYSICAL UESCRIPTION
nEIGHT (INCH)= (.4308 wETGHT (GrRaM)s 21129 RESISTANCE (OHWM}= 1,579
COLD MaCP PER IE DEVIGCE (wATF2SEC/C)= 0.554uBE+Q2
HOT ##CF PEw TE LRVICE (#ATT*SEC/C)= 0.26973E+03
CULD,HUT, INTE=STALE CUNDUCTEVITY (waATT/SG INZCI= 6,3, 6.3, 20,0

P.F, MAaTERTAL Chmm COMM
COUPLE OISTRIvyTION= Fo,.00 31.u0
PELLET aIDTH (IwCh}= f, 0550 0,.9A450
PELLET LeENGIM LINCR)= 0,0630 n,1510
STAGE akpa {5y [HCH)= 1.4800 1.4400
TTALUMINA [ranS [INCHYE N,0330 n,03u0
AUS=dAR Twkns [(InHCHIE= 0.0150 N,0320
EXCHANGEN FACTUK ni)T goLb
FLUTD TrTiE AATFR 6OXFG
___PLATE TewP (K} 319 .Y e7e, 19
INLET TE~P (K) 294,30 274,90
QUTLET TEwWP {wx) 519,59 273,78
HT OJT UF FLO(A) -1333,.98 291,9%
PLT=PLT LuSS (a) 9,2% 9,°29
PRANOTL numnER 9.05A”21 40,B976A
REYNULDS «nhi¥RER 15,78 32.09
T ONUDSELT VumkEw &.3439 5.73u4
HEAT TwNSFR CUuffF 129,843 AL, 7991
PrRSS DKP(IN moill) U.0160 7.7926
BEND FTR(1N m20) 3.0801 0n,0817
FLia KT (Le/hw) tnn,nn 100,00
EXCH NEIGHT (Ln) 41.75 11,60
FIn LENGTH (IN) 12,000 12.000
LVYR LERGTm (TW) 12,600 12.n00
FIN AEIGHT (IN) 1,205 0.514
FIth TeENSS (IM) N.uis 0,015
MUMHENW OF FInbd $2.00 32.00
FIN £PSILUN .949R”04 0,41175

STEADY»STAaTE SYSTE® POANER CUNDITIONS
VOLFAGE LVOULTS) 13,500
CURRERT (&mMPS) 57.214
Pu~Er (wa118) 10SA_ de]
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SYSTEM PERFURMANCE QESCRIPTION DATE 01/20/77 1237
94 FE UNMITS MyDEL N, CX952«70=31 "
___MIRED A>_ 1R PARALLEL SETS OF 3 UNITS IN SERIES

- - — PR —

THERMUELECTRIC DEVICE PHMYSICAL UESCRIPTION

HEIGHT (INCH}= 0,u4300 WEIGHT (Gram)z 21.129 RESISTANCE (OHM)= 1,579
COLD ¥aCP PEx TF DRVICE (#ATT+SEC/C)= 0,5%448E+02

HOT 4aCP PER JE DEVICE (NATT+SEC/C)= 6,26973E+03

EOLD,HOT, INTERSTAGE CUNDUCTIVITY (WATT/5G IN/C)s _6,3, 6.3, _ 20,0

T E. MaTERIAL COmMM COMM
COUPLE DISTRIBUTIUNE 70,00 31.00
PELLET 4T0Twe (INCHM)= 0.0550 20,0850
PELLET LENGT® (IMCH)Y= 0.0830 0.1910
STAGE aREA (5G IwCH)= 1.4400 1.440( _ . R . e
TTTELUMLINA  THRNS (InCH) T 0.0300 0.0300 . ) -
AUS=RAR THKNS [JnCw)= ¢,0150 0,0320
EXCHANGER FACTUR HUT CoOLy
FLUlIv TYPE HATER BOYEG
FPLATE [EMP (x) 50508 265,79 i o .
INLET TEMP (R} T 294,30 274,90
UUTLET TeEmP (K) In3, 71 266,03
AT OUI OF FLD(a) LY | 326,90
PLT=PLT LUSS (») 7.70 7.10
PRANDTL WUMRER h.10671 95,13932
REYNDLDS AUMKHER 4n,09 1,85 e
T T TNUSSEL | tyuMpER B.ul?2 5.0261 oo
HEAT TRuSFR CUEF 128,4371 74,5006
PRSS DRP(IN n20) n, 0571 1.3173%
3END FIR(Iw neu) 3.0005% 06,0011
FLOA RT (LR/KK) 300,00 100,00
_ ExCm NEIGHT {L®&) 41,15 11.60 L _ o
FIN UENGTR [1N) 12.000 12.000
LVR LENGTH (In) 12,000 12.000
FIN HELIGHT (IN) 1,205 0.510
FIN TRENSS (TN} 0,015 0.015
WUMBER OF FInsg 32,00 312,00
_FIN_EPSILON . 0.87318  0,96376

STEADY=STATE &YSIEm POxEw CONDITIONS
VULTAGE LvOLTS) 18,500

CURRENT (AMPS) a2.572

_Puskr (wATTS) 11%7,590
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§rSleM PERFURMANCE DESCRIPTION DATE 01721777 1240
S4 TE UNITS MUNEL NBD, CX992=70-31
_ATREY A5 13 PARALLEL SETS OF 3 UNITS TN SERIES _

., e A s - - e mnmes e 4 e me - -

THERMUELECTRIC DEVICE FHYSICAL DESCRIPTION
AEIGHT (INCHI= 0,4300 WEIGHT (GRAM)= 21.1i29 RESISTANCE (OWM}= 1,579
COLD M«CP PER TE OEVICE (NATT=SEC/C)= N, SSUUARE+D2
0T MaCP PEx TE VEVICE (waTT*SEC/C)= 0.26973E+03
COLD,HOT, INTENSTAGE CUNDUCTIVITY (AATY/SG IN/C)Z 6,3, 6.3, 20,0 .

T.E. MATEREAL COMM COMM
COUPLE OISTRIBUILUNS 10,00 31.00
PELLET WwIOTH (INCH)= 19,0550 0,0850
PELLET LENGTH ([NCH)= n.0p30 N.1510
STAGE AWEA (Suy INCHI= _  §,4400__ _ l,4s00 _ ___ _ __ _ i
ALUMINA THXNS ([NCH)E= 0,0300 0,0300
BUS~BAR THKNS (INCH)}= 0.0150 0.03%20
EXCHANGER FACTUR HOT COLD
FLUID 1YPE NATEW &0XEG
PLATE TEMP (K) 305,13 _ 267,97 _ _ _ _ — —_
INLET TempP (K) 294,30 274,90
QUTLET TEMP (x) 105,786 268,72
HT OuTl OF FLD(w) =1496,48 344,84
PLT=PLT LUSS (n) 7.28 7.28
PRANDTL NUMBER h,10404 &9, BI8SY
_ REYNOLDS NuvnER 40,11 6,17 _ e . e
NUSSELT NUMDER 6.a172 85,0943
HEAT TwNSFR CUEF 128,2435 TH.4514
PRSS DrRP(IN m20) 0.0570 1.8604
BEND FTR(IN mEu) 0,0005 n.0024
FLON RT (LB/HR) an .00 150.00
. ExXCH wEIGHT {L#%) _ 41,79 _1i.&0 e
FIN LENGTH {IN) 12.000 12.000
LVR LENGTH (IN) 12.000 “12.000
FIN HEIGRT (IN) 1,205 0.510
FIN IHXNSS LIN) 0,015 0.0195
NUMBER UF FIn~S 32.00 32,00

FIN_FPSILON D.87319_ 0.89265 ___

STEADY-STATE SYSTEM POwER CNNDITIONS
VOLTAGE (VOLTS) 18,500
CURRENT {(AMPS) b2 151

_PUNER_{wATT>) _1160,dR8 _
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SYSTEM PExFURMANCE DESCRIPTION DATE 01/20/77 1237
S4 TE UNITS AUNEL NO, CX952-70=31
___~IRED_AS_ 18 PARALLEL SEfS OF 3 UNITS IN SERIES _ __ _ e
THERMUELECTRIC DEVICE PHYSICAL DESCRIPTION
MEIGHT (INCHI= 0,4300 WEIGHT (GRAM)= 21,129 KESISTANCE (OMMI= 1,579
COLD MsCP PER Tk DEVICE (wATT®SEC/C)= 0,55448E+02
HOT “xCP PER TE UVEVICE (AATT+SEC/C)= 0,26973E+03

COLD,HOT, INTERSTAGE CUNDUCTIVITY (wATT/SQ IN/C)= 6,3, 643, _20,0 e e,
T,E. MATERIAL COMM COMM
CUUPLE DISTRIBUTIONS 70.00 31,00
PELLET &IDIW (INCR)= 06.05950 00,0850
PELLET LENGTH (INCH)= 0.0630 00,1510
_____STAGE AREA_(S@ InCH)S _ 1,4400 1,4400 R . e
ALUMINA THXmNS (INCH}® 0.0300 0.0300
BUS~BAR FHENS (INCH]= 0.0150 0.0320
EXCHANGEK FaCTOR HOT coLo
FLUID TYPE naATER b0XEG
PLATE TEMP (K} 305,28 _ 269,10 s
INLET TEmP (k) 294,30 214,90
QUTLET TEMP {K) 303,89 270,17
HT DUl OF FLOIN) -1517,.03% 352.06
PLT=PLT LOSS (n) 7,09 7.09
PRANDTL wnMBER h.09313 87,04656
REYNULDS NUMAER 4d,. 17 8.46 _ vt mmmem e e e ———
NUSSELT nNuMBER b.4172 5.1609
HEAT TRNSFR CUEF 128,469 76,4038
PRSS DRP({IN H20) 0.0569% 2.4008
BEND FTR(In m2vU) 0,000% 06,0042
FLus RT (LB/RR) 3ing,00 200,00
__EXCH AETEnl (L) 51.75 11,60 —m _ -
FIN CENGTH (IN) 12.000 12.000
LVR LENGTH {]a) 12,000 12.000
FIN AEIGHT (iIN) 1.205 0.510
FIN THXNSS (IN) 0.915 0,015
NUM3ER UF FINS 32.00 32.00
FIN EPSILON _ 0,87322__ 0.81564  _

STEADY=STATE SYSTEM PO#ER CONDITIONS
VOLTAGE (vOLTS) 18.500
CUKRENT {(AMPS} b2.782
POWER (waTTS) 1i61,480

ORIGINAL PAGE ES
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SYSTEM PEXFURMANCE DESCRIPTION DATE 01/20/77 1237
S4 TE UNITS MODEL NU. CX952+7031 .
___WIRED AS_ 18 PawALLEL SETS OF __3 UNITS IN SERIES _ _

THERMUELECTRIC DEVICE PHYSICAL DESCRIPTION
HEIGHT (INCH)= 0,4300 HEIGHT (GRAM)= 21,129 RESISTANCE (0OHM)}= 1,579
COLD M#CP PER TE DEVICE (WATT#SEC/C)= 0,55448E+02
HUT MaCP PER TE DEVICE (4ATT*SEC/C)= 0.26973E+03
COLD,HOT, INTEKSTAGE CONDUCTIVETY (WATT/SO IN/C)S_ 6.3, _ 6.3, 20,0

T,E. MaTERIaAL COMM COMM
COUPLE DiISTRIBUTIUNS 70,00 31.00
PELLET wIDTH (INCH)= 0,0550 0.0850
PELLET LENGTH (INCH)= 0.0630 N.1510
STAGE akea (50 InNCH)= _ 1.4400 _  1.dw00 _
T ALUMINA THKNS (IwCH)S 0.6300 0.0300
BUS=BAR THENS (INCH)= 0.0150 0,0320
EXCHANGER FACIOR HOT cOLD
FLUIN TYPE WATER 6O0XEG
PLATE TEmP_(K)  _ 305,35 aro. 1 e
INLET TEMP™ (X) 294,30 274,90
QUTLET TEMP (K) 403,95 271.A8
HT OUT OF FLO(w) -1526,28 360.24
PLT=PLT LuSS (w) h.B9 6.B9
PRANDTL NUMKBER 6,08A71 A4,31083%
REYNULOS ~UMBER 40,20 13.13 o o
TTNUSSELT n{meEw T T e,at73 7 75,2884 7 -
HEAT TRNSFR CUEF 128,4400 78,2552
PRSS URrP{IN HE0) 0,0569 3.£850
dEND FTR(IN #noD} 0,005 0.0095
FLOW RT (LR/HK) 300,00 300,00
EXCH wEIGAI (Ln) 41,75 11,60 i _ L
EIN LENGTH tlIn) 12.000 12.000
LYR LENGTM (IN) 12,000 12.000
FIN HEIGST LIR} 1.2us 0.510
FIN TrinsS (1In) 0,015 0.015%
NUMBER OF F1IHS $2.00 32,00
FIN EPSILON  0,.67%23 _ 0,68367

STEADY=STATE SYSIEM PONER CONDITIONS
VOLTAGE (VuLTS) 18,500
CURKENT (A%PS) 62,849

PONER (WATTS) 1162.70%
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/20/77 1237
S4 TE UNITS MOUDEL &O, Cx992=T0«%1

AIRED_AS 1R PARALLEL SETS OF 3 uNTTS [N SFRIES .

TRERMUELRECTRIC -DEVICE PHYSICAL VDESCRIPTION
HEIGAHT (INCH)= 0.,43500 PeIGHT (GRAM)=S 21,129 RESTSTANCE (OMM)=
CULY “«CP rPEr Tk UVEVICE (#ATTXSEC/C)= O,9%448F+02
HOT MaCP PEw TE ULVICE (wATI®SEC/C)z 0,.26973E+03

COLD, HUT, INTExSTAGE COwDUCTIVITY (wATT/SO IN/Cls  6,F, 6.3, 20,0

T,E, MATERIAL COMMm £ OMM
COUPLE DISINIBUTIUNS 10,00 31.00
PELLET AIDTw (INCP)z 0,0590 0,850
PELLET LENGTH (INCH)= 0,063%0 9.1910
STAGE _aXEs (54 [nCH)= 1.4400 1,4400
ALUMENA THRNS (IwCrH)= 0,0800 n.n300
AUS~-uAf ThHRNS (INCH)= 0.0150 00,0320
EXCHANGER FACTUK HNT coLd
FLUID TYPE NATER BOLEG
PLATE TE~P (X) 305,40 eri,07
INLET TENP (K]} 294,30 eva,an
QUTLET TEwP (K} InX, 99 272,94
HT QuUT OF FLO(W) -1533,R4 Ieb,bd
PLI=PLT LUSS (w) w7 6,73
PratiplL wumxEk h,0HST]  R2,123%1
REYNOLDS mvuvuER an,e? 22,50
NUSSELT vhvwnFr b.utl2 5.9224
HEAT THRiMSFR CLDEF 12R ghRg &i.6R62
PR3S dwxt(Ivy n2q) 0 ,.09R% S.6597
BEND Flik{l4 mnay) G unnsS N, Nepd
FLUA RT (LA/nN) ing, 00 snu,.an
EXCH #EIGHT (LR) 41.75 11,60
FIn LENGTH (1t) 12,000 12.000
LVR LENGTI® (1W) 12,000 12.000
FIN REIGHT £1711) 1.20% 0.%10
FIN THENSS (IN) H,019 0.915
NUMBER ufF FINS 52,00 32,00
_FlIn EPSILUN u.R7%24 0,51229%

STEADY=5T4TE SYSTEY Puatk CONDITIONS
VOLTAGRE (vULTS) 1R,.500
CunRkENT (ampi) 642,913%
_ PUXER (aAATTS) 1163,707

ORIGINAT} PAGE I3
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SYSTEM PERFORMANCE DESCRIPTION DATE 01/20/77 1237
5S4 1E LNITS MUDEL NO, CX952~70-31
__AIREQ AS 18 PARALLEL SETS OF 3 UNITS IN SERIES o
THERMUELECTRIC DEVICE PHYSICAL DESCRIPTION
HEIGHT (InCH)= 00,4300 #EIGHT (GHAM)= 21,129 RESISTANCE (OHM)= 1,579

COLD mxCP PER TE UEVICE (wATT«SEC/C)= 0,55448E+02 o
HOT MxCP PER TE DEVICE (WATTeSEC/C)}= 0.20973E+03
_ __COLD,HOT, INTERSTAGE CONDUCTIVITY (WATI/SG IN/C)= 6,3, 6.3, 20,0

T.E. MATERIAL COMM COMM
COUPLE BDISTRIBUTIONS 70.00 31.00
PELLET «lDTw {INCH)= 06,0550 0.0850
PELLET LENGTH (INCH)= 0.0630 20,1510
_____STAGE AREA (S0 INCr)= _ 1,4400 1.4400 e e e e e
ALUMIAA TweNS (INCH)= 0.0300 0.0300
B)S~Riw THNS (IMCH)= 64,0150 N.0%20
EXCHANGER FACTUR HOT cuLD
FLUID TYPE NATER 6OXES
PLATE TEMP (x} $05,42 2ri.47 I, i
INCET TECR (KT T 294,30 218,90 777 ’
QUTLET TEmP (K) 4nd,.01 273,49
HT OUT UF FLDtw) -1536.86 359,52
PLT=PLT LUSS (w) h,b6S b.6S
PRANDTL NUMHER 6.08372 &1,1B763
REYNOLODS NU~BER a0,22 31.89 . i
NUSSELT nyMAEw b,4172 5,733%6
HEAT THWSFw CUEF 128,4919 R4 ,71960
PRSS ORP(IN H2D) n,0569 7.842A
BEND FIR{InN w20} g6,000% n,Gs17
FLOA wT {{B/HFR] 500,00 700,00
____EXCH AEIGHT (LR) ) al, 76 = 11.,A0 _ e o
FIN LENGTH (im) 12.000 12,000
LVR LENRBRTH (IN) 12.600 12,000
FIN REIGHT (I} 1.205 0.510
FIN THEKNSS (Iw) n.,n019 0.015
NUMHBER OF FINS 32.00 32,00
FIN EPSILON_ 0.87325 0.41184 . R

STEADY=STATE SYSIEM POAER CONDITIOMS
VOLTAGE (YOLTS) 18,500
CURRENT [&4P§) he,929
PUWER (#ATTS) 1164.193
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SYSTEM PERFONMANCE DESCRIPTION DATE 01/20/77 1237
S4 TE uUnvITS MODEL NO, CX4952«~70-31
IRED_AS 18 PaRALLEL SETS OF 3 UNITS IN SERIES

THERMODELECTRIC DEVICE PHYSICAL DESCRIPTION
HEIGHT (IWCwW)= 0.4300  AEIGWT (GRAM)= 21,129  RESISTANEE (OMMI= 1,579
COLD ##«CP PEK Tk DEVICE (WATT*SEC/C)= 0,55448E+02
HOT MxCP PER TE DEVICE (wATT#SEC/C)z 0,20973E+03
COLD,HOT, INTERSTAGE COnDUCTIVITY (wATT/SN IN/C)= 6,3, _ 6.3, _ 20,0

TJE, MATERIAL cCOMY COoMM
COUPLE DISTRIBUTIONS 70.00 3t1.00
PELLET wi1OIK (INCH)S 0.0550 C.0R50
PELLET LFNGIM (INCH)= 0.0630 0.1510
STAGE &xEA (SW INCH)= 1.44a00__ 11,4400 e et
ALUMINA THANS (IWCH)= 0.03000 0.n300
_ _ BuS=gak THXNS {INCH)= 0,015%0 06,0320
EXCHANGER FACTOR HOT coLD
) FLUID TYPE AATER 60%EG
PLATE TEmP (K) 102,40 265,39 S
INCET feaP {x) "7 294,30 ~ 274,90~
QUTLET TEMP (K} 300,07 2BS,.74
HT OUT UF FLO(w) -1520,%6 539,50
PLT=PLT LOSS (w) 7.25 7.29
. PRANDTL NUMBER 8.39313 95_,8b4R3
REYNUOLDS ~UMBER b4,16 3,82 .
NUSSELT NUMBER  ~ b,49486  S.0260
HEAT IRNSFR CUEF 129.3114 T4.5067
PRSS DRP{IN HPN0) 0.0994 1.3279
BEND FTR(IN w2u) 0.0013 0.00%1
FLUA RT {(L3/RK) 50G,00 100,00
___EXCH mEIGHT (LB) 41,75 t1.60 o
FIN LENGTH ([IN) 12,000 12.000
LVR LENGTH (IN) 12,000 12.000
FIN AEIGHT (IN) 1,205 0.510
FIN TRANSS (IN) 0,015 0,015
NUMRER OF FINS 32,00 32,00

FIN EPSILUN _ 0.71173  0.96382

STEADY=STATE SYSTEM POwWER CONDITIONS
VOLTAGE (VULTS) 18,500
CURRENT (a4PS) 63,673

PONER (AATTS) {178,037

ORIGINAT} PAGE I3

OF POOR QUALITY o3



SYSTEM PERFORMANCE DESCHIPTION DATE 01/21477 1240
S4 TE UNITS HMUDEL &0, CX952-70=31
NIRED AS ({8 _PakaLLEL SETS OF__ 3 _UNITS JN SERIES _

THERMOELECTRIC DEVICE PHYSICAL DESCRIPTION

HELGHT (INCH)= 0,4300 AEIGHT (GR&M]= 21.129 RESISTANCE (ORM)}= 1,579
COLO ™MeCP PER TE DEVICE (wATT#SEC/C)= 0.SS44BE+02
HOT #wMaCP PEN TE VEVICE (NATT«SEC/C)= 0,26973k+03

COLD,HOT, INTERSTAGE CONDUCTIVITY {walT/350 IN/CIS _ 6,3, _ 6.3, _20,0

l,E. MATE®R]AL COMM COMM
COUPLE UISTRIBUTIUNS 70.00 31.00
PELLET WIDTK (INCH)= .0%550 0.0850
PELLET LENGTH (INCr)z= 80,0630 0.1510
STAGE _AWEA LSU INCH)= L.4400 __ 1.,4400_ i
ALUMINA THKNS {InCH}= H.0300 N, 0300
__ BUS=BAR TmkNS ([nCH)= 0.0150 0,0320
EXCHANGER FACTUx M7 COLD
FLUIO TYFE waTER bOXESL
PLATE TEMP (K)_ _ 3p2.47_ _ 267.71 _  __ _. e .
TTINLET TEMR (K) 294,30 274,99
QUTLET TE™MP (k) 500.11 eE8, U8
HT QUT OF FLD(#W) =-193%32,50 357.82
PLT=PLT LOS (w] 6.R1 6,81
PRANDTL NUNRER 59037 90,27314
" REYNOLDS Numepk 4.1 b,10 o . _ B
NUSSELT VUMRER b,49uAR S.0941 ~
HEAT TRNSF% CUEF 139,3176 75,4551
PRSS OxP(IN n20) 10,0994 1.870% —
BEND FTR(In m20) t,u013 0.0024
FLON RT (LR/RR) 400,00 150,00
_Exfw #EIGHT (LR) = at.75  _ il.e0 _ .
FIN LENGTH (IN) 12.008 7 12,000 )
LVYR LENGTHN (1N) 12,000 12.000
FIN REIGHT (1In) 1.20% 0.510
FIN THKNSS (IN) 0,019 0.015
NUMAER OF F IS $2.00 2,00
FIN EPSILON _9.71174 0,89273 __ __ _

STEADY-STATE SYSTEM PUWER COUNDITIGNS
VOLTAGE LVULTS) 18,500
CURRENT (AMPS) 53,859
PUWER [aa1TS)  1181,.397
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SYSTE™ PERFORMANCE DESCRIPTION DATE 01/20/77 1237
S4 TE UNTIS MODEL NQ, CX952-70-31
_ AIKED_AS_ 14 PAWALLEL SETS OF 3 UNITS IN SERIES

THERMOELECTRIC DEVICE PHYSICAL DESCRIPTION
HEIGHT (INCH}= 0,4309 WEIGHT (GRAMI= 21.129 RESISTANCE (OMM)= 1.579
COLD M=2CP FER TE DEVICE (AATTASEC/C)= 0.S5S44RE+02
HOT ~#CP PER TE DEVICE (WATT#5EC/C)z 0,269TIE+U3
COLD,HOT, INTERSTAGE CONDUCTIVITY (wATT/SQ _IN/C)=_ 6.3, 6.3, 20,0

T,E., MATERTAL COMM COMM
COMPLE OISTRIBUTION=E 70.00 31,00
PELLET alofn {INCH)= 0.0550 0.0850
PELLET LENGTH (INCH)= 0,0630 0.1510
STAGE AWESR {5U InCH)= o l.a400  1.,48400 R e .
T ELUMINT THKNS TUINCH)E T 06,0300 7 9.0300 -
BUS~8aR THRMS (INCH)= 0.0159 0.03%20
EXCHANGER FACTOR RUT coLp
FLUID TYPE WATER 60%EG
PLATE TE~P () _ 302,57 _  268.87 _ ) I
INLET TEMF (K) 294,39 274.90
QUTLET TEwMP (X} 300,18 2h9 .98
HT Out OF FLOD{#) =19%51,.5AR Ine 00
PLT=PLT LOSS (&) 6.6l 6.560
PRANDTL ANUMARER 6.38367 B7.39790
REYVULDS NUMBER hu, 24 8.42 . . . e e
Nus3sEUT Numsgnw b.udub S.1607 -
AEAT [RNSF®R CUEF 129,.3325 76.4083
PRSS JRP(IN H20} 00,0993 2.4110
BEND FIR({IN oy} 0.001% o.00a2
FLun RT (LB/HR) 500,00 200,00
EXCH #EIGHT (L3} 41.79 n.ea
T FINTLENGTH (1w} 12,000 12,000
LVR LENGTH (IN) 12.000 12.000
FIN HEIGHT (IN) 1,205 0.510
FIN THKYSS [IND t.01% 0,015
NUMBER OF FlIns 32,00 32.00
FIN EPSILON #.71176 _0,81572

STEADY=S5TATE SYSTEM POWER CONDITIONS
VOLTAGE (YULTS) 18.500
CURRENT {aPy) £3.912
__POwER_(#aTTS) 1182,36R

ORIGINAT PAGE I
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SYSTEM PERFORMANCE DESCRIPTION CATE 01/20/777 1237
S¢ TE unIT§ muvkL NO, CX352-70=31
AIRED AS 1A PaRaLLEL SET5 OF 3 UNITS IN SERIES, . e
THERMUOELELTRIC DEVICE PHYSICAL DESCRIPTIOMN
MEIGHT (InNCH)= 0,4300 wEIGHT {GRaM)=z 21.129 RESISTANCE (OHM)= 1,579
COLD M«xCP PER 1E DEVICE (wWaATTxSEC/C)= 0,55448E+02
HOT ¥xCP PEFR TE OEVICE (wWATT#SEC/C)= 0,269713E+03
. COLD,HUT, INTERSIAGE COUNDUCTIVITY (wATT/SQ IN/CIZ kK3, 6.3, 20,0

{,E. MATERTAL COMM COMM
COUPLE DISTRIBUTIONS 70,00 31,00
PELLET wIDTH [INCH)= 06,0550 0.0850
PELLET LENGTH (INCHI= ¢.06830 0,1510
STAGE_AaWEA (89 IwChH)= _ 1.4400 __ _tll.4@o00___
ALUMINA THKNS {INCH)= 0.0300 h,0300
BUS=BAKR THRNS LINCH)= f,01%50 00,0320
EXCHANGER FACTOR HOT coLo
FLUID TYPE AATER &0%EG
PLATE iemP (k) 302,62 _270.0v . . . . .- _
INLET TEMP (K) 294,30 274,90
QUTLET TEMP (K) 300,272 271,59
HT QUT UF FLE{w) =1561,23 T4, 43
PLT=PLT L0SS (#) 6,39 5,39
PRANDTL WNUMBER 6,.33079 84,53804
REYNULDS WUMBER bd,27 13,09 . _ R _ R e
‘NWUSSELT MOMARER  6.4946 5.2882 - ) "_
HEAT TRNSFR COEF 129,33R9 7R.29613
PRSS ORP(IN HP20) 00,0992 3.4949
AEND FTR(IN mH20) g.00113 90,0095
FLON RT (L3/Mk) 500 .00 300,00
EXCH #EIGWT (LB) 41,75 _ Mt,0 —
FIN LENGTH (IN) 12.000 12.000
LVR LENGTH (IN) 12,000 12,000
FIN AEIGHT ([N} 1,208 0,510
FIN THKNSS (IN) 9,015 0,015
NUMHBER OF FINS 32,00 $2.00
FIN EPSILON _ _0,71177 0.68373

STEADY=STATE SYSTEM POWER CONDITIONS
VOLTAGE (vOLTS) 18.500
CURRENT (AMPS) 63,989
PUWER _(#ATTS) 11R3,792
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SYSTEM PERFURMANCE DESCRIPTION DATE Qt/20/77 1237
S4 TE UNITS MUREL RO, Cx9S5g-70=31%
wWIRED AS 18 PARALLEL SEIS QF 3 UNITS IN SEKRIES

THeXMUELECTRIC DEVICE PHYSICAL CESCRIPTION®
HEIGHT (InCH}= 0,4300 wE [GHT (GRAM)= 21,129 RFSTISTANCE (ORM)= 1,579
COLD M«C¥ PEK TE DEVICE (WATT«SFC/C}= 0,.S5Sd4BE+02
HOT M«CP PER TE UEVICE (wATT*SEC/C)= 0,26973E+03

COLO,MUT, INTERSTAGE CONDUCTIVITY (wATT/S4 IN/C)= 4.3, 6.3, 20,0

T.E. MATERIAL COoMM COMM
COUPLE DO15TRIBRUTIONS 70,00 31.00
PELLET AIDTH (InCAd)= 0,0550 n,n850
PELLET LENGTH (JnCH)= 0.0630 f,1510
STAGE AREs (SM INCH)=z  1,4000_ _ l.,8400 __
ALUMINA THENS {INCH)S a.0300 n.n3o0d o -
BUS=dAR THENS (INCH)= 00,0150 D.0320
EXCHANGER FACTOR HOT coLp
FLULD TYPE WATER 60YXEG
PLATE TE“P_ (K] _302.86_ 270,91 — L
INLET TEWP (k) 294,30 274,90
QUTLET TEMP (x) 100,25 272.86
HT OUT OF FLD(w) ~1509,40 381,28
PLT«PLT LOSS (w) 6.22 .22
PRANDTL WUNRER 8,37R2! B2,25760
REYNDLOS NUMRER 64,29 22.4b )
NUSSEL T NUMBER b,4946 | 5,522
HEAT TRNSF& COEF 129, 3647 B1.6B61
PRSS DRP(IN H2U) 14,0992 5.6695
BEND FTR(IN H2u) 84,0013 n.0264
FLOX w1 (L3/HR) 500,00 500,00
EXCH AEIGHT (LA) 41,75 11,60 L
FIN LENGTH (In) 12,000 12.060 - N
LVR LENGTH LIN) 12.000 12,000
FIN HEIGHT C(IN) 1.205% 0.510
FIN THKNSS (Itv) 0,015 0,015
NUMHBER OF FINS 32,00 32.00

FIN_EPSILON  0,7117A 0.51228

STEADY=STATE SYSTEM PUNER CONDITIONS
VOLTAGE (vOLTS) 18,500
CURRENT {(AMPS) hRd,0UB
PONER (waITS) 1184,895

ORICINAT PAGE IS
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SYSTEM PERFORMANCE DESCRIPTION DATE 01720727 1237
Sue TE UNITS MOLEL NO. CX952=-70=31
___NWIRED AS 1R PARALLEL SETS OF I UNITS IN SERIES = _._ = _ J
THERMUELECTRIC DEVICE PHYSICAL DESCRIPTION
HEIGHT (LINCH)= 0,4300 wEIGHT (GRAM)= 21,129 RESISTANCE (OHM}= 1,579
COLD MxCP PER 1E OEVICE {wATTxSEC/C)= 0.SS448E+(2
HOT ™M*CP PEw TE OEVICE (wATT*3EC/CI= 0.26973E+03
COLD,HOT, INTEWSTAGE CONDUCTIVITY (WaTT/S@ IN/C)=_ 6,3, 6,3, _ 20,0

T.E. MAaTERTAL COmMM cCOoOvM
COUPLE DISTRIRUTIONS 70,00 3t.00
PELLET wIDTH (INCH)I= 0.0550 0.0A850
PELLET LENGTH (INCH)= 0,06%0 0.1510
STAGE AREA (SQ INCHM)= | t.8400 1,400 _
ALUMINA THKNS [INCH}E 0.,0300 #t.0300
BUS=HAR THKNS (INCH)= 60,0150 N.0%20
EXCHANGER FACTOR HOT coLb
FLUID TYPE #ATER 60XEG
PLATE TEwP (X) 302,648  P71,33%__ .o il
INLET TeEWP (k) 294,30 274,90
JUTLET TEMP (K] 3n0,27 273,43
HT OUT UF FLD(w) -1572,99 384,51
PLT=PLT L1535 (w]) H.14 b,iu
PRANDTL VUMBEK 5,37709 B1,2R8581
__ _REYvOLDS \uUMBER 64,30 31,84 e e
NUSSELT NUMYER b.4906 5,7335
HEAT TRNSFR COEF 129, 3472 a4.7954
PRSS ORP(IN H20} 0.,6992 7.8528
BEND FIR(IN w20} N.0013% 0,0517
FLOA BT {(LBR/nR) 500,00 700,00
EXCh #EIGHE (Ln} . 81,75 ite0 _
FIN LENGTH (IN) 12.000 12,000
LYR LENGTA (1K) 12.000 12.000
FIN HFIGHT (IM) 1.208 0.510
FIN THRNSS [IN) N, 01% 0.015
NUMBER OF FINS 22,00 32.00

_FIN EPSILUN 0.71178  0,41186

STEADY=STATE SYSTEM PHNER CONDITIUNS
VOLTAGE (VULTS) 14,500
CURRENT (aMP$) AL 077
__PUAER _(MATTS)  1185,419
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T, inlet = 70°F =,294.3°K
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COLD,HMOT, INTERSTAGE COUNDUCTIVITY (#ATT/SU IN/C)= 6,3,

SYSTEM PEHFURMANCE DESCRIPTION
5S4 TE unNITS MOQEL NO,
EIEEQ_fé__l§ PARALLEL SETS OF

Cx952=70-31
3 UNITS IN SERIES

DATE 01/20/77

THERWMOELECTRIC DEVICE PHYSICAL OESCRIPTION

HEIGHT

(INCHY= G.u300

WwEIGHT (GRAM)= 21,129

EOLD MeCr PER JE UEVICE (WATTASEL/C)z 0.55448E+02
MOT MaCF PER TE VEVICE (#ATT*SEC/Clz n,26973E+03

T.E.

COUPLE DISTRIBUTIONE
10w (fnCH)=

PELLET

PELLET LENGTH (INCH)=
STAGE BREA (SO InCH)=

TFIN LENGTH

ALUMING THRNS (INCH)=
BuS=BAR THANS (INCH)S=

EXCHANGER FACTUR
FLULD TYPE

PLATE TEWP (n)
INLET TEHP (%}
OUTLET TEwP (K}
HT QUT OF FLBD(a}
PLI=PLT LOSS {w)
PRAWNDIL MNUMREK
REYNULOS ANUMHER

NUSSELTY wumeprR -

HEAT TwiHSFw CUEF
PRSS ORP(IN H20)
HEND FTH(IN m20)
FLUAN RT (Lu/HK}
EXCH AE1GnT (Lo}
{It)
(IN)
(In)

LYR LENGTH
Fin AEIGHT
FIn TAXNSS (IN)
NUMBEwx OF FINS

FIn ERSILUN

MATER] AL

COMM COMM
70.00 31,00
0.0550 0.0850
0.063%0 0,1510
1.,4400 1.0400
" n.0300 o.n3on "
0.0150 0.0320
HOT CcoLD
~ATER 6NXEG
121,47 284,20
294,30 294,30
321,42 284,63
-1430,31 373,32
7.30 7,30
4,95492 da,4592%
16,06 B.31
B.34838 S5.0571 T
13u.1722 73,7017
0.,0158 N.b158
0,000% 0.0011
100,00 100,00
41,75 11.60 B
12.060 t2.000 -
12,000 12.000
1.205 0.510
n.015 0.015
22,00 32.00
0.93806 0,95727

STEADY-STATE S3YS5TeM PONER CONDITIONS

VOLTAGE (vOLTS)
(AvPS)
PUMEw (wATTS)

CUKRREN]

18.500
S§7.60%
1965.647_

100
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1.579




_WIRED 45 _18 PARALLEL SETS OF 3 UNITS IN SERIES _ =~

SYSTEM PEWFURMANCE DESCRIPTEIQON DATE 0t/21/77 1240
S4 T& UMNITS MUDEL NO, CX952-70-31

THEXMOELECTRIC DEVICE PHYSICAL OESCRIPTION
HEIGHT (InCH)T 0,u300  WEIGHT (GRAM)= 21.129  RESISTANCE (OHM)= 1,579
COLD #:CP PER TE DEVICE (WATT#S3EC/C)= 0.55448E+02
HOT M#CP PEW TE VEVICE (wATT«SEC/CI= 0,26973E+03
COLD,HOT, INTERSTALE CONDUCTIVITY (WATT/SG [N/C)= _6,%, 6,3, 20,0_

T.E. MATERIAL COMM COMM
CUUPLE DISTRIBUTIONE= 10,00 31,00
PELLET w#I0THs (InNCH)= 0.09%0 0,0850
PELLET LENGTH [INCH)= n,0630 01510
__ STAGE swEA (Sw INCH)® _ 1,4400 _ _L,4d00_ .
A UMINL THKNS ([nCH)= 0,0300 ¢,0300
BUS=dAR THXMS {INCH}= 0.0150 0,0320
EXCHANGER FaACTOR H{1T coLD
FLUly TYPE naTER 60XEG
BLATE TEMP (k) = 321,62 _ 286,868 . e e,
INLET TEMP (&) C 294,30 294,30
QUTLET TEMP (K} 321.57 287,586
HT QUT OF FrLD(n) -1438,09 391,44
PLT=PLT LOSS ,(n) 6,85 6,85
PRANOTL wUNBEK 4,947n02 44,32809
_REYNOLDS NUMBEN 16,09 13,12 e e e e ——
NUSSELT mwUMRER b,35438 S.112t
HEAT TRNSFR CUEF 130,1977 74,7098
PRSS ORF(In “20) 0.,01587 0,8792
BEND Fir{IN RO} i, 0001 0.0024
FLOA RT (LR/HR) fou.00 150.00
_ ExCH _AELIGHT (LB) = 41,75 11,80 _ I e
FIn LENGTH (IN) 12,000 12,000
LVR LENBTH (IN) 12.000 12,000
FIN HELIGHT (1IN) t,205 0,510
FIN THKnSS (IN) 0.015 0.015
NUMRER UF FINS 32,00 312,00
FIN EPSILUN _ 0,99806_  0.8R027 . . __ Lo .

STEADY=STATE SYSTEM PUwWER CONDITIONS
VOLTAGE (vOLTS) 183,500
CURRENT (awPS) 5T,.770

_ POnER (#2T1T3)  106R,753

ORIGINAT} PAGE IS
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SYSTE™ PERFURMANCE NESCRIPTION DATE 01/21/77 1109
S4 TE LNITS MODEL NO, CX952=70=31
_VIREQ_AS_ 1% PakalLEL SETS NF 3 UNITS IN SERIES

—— - -—— - - . n -

THERMOELECTRIC DEVICE PHYSICAL DESCRIPTIGN
{ETGHT (INCH)= N0,d300 #EIGHT (GR&M)= 21,129 RESISTANCE (OHM)= 1,579
SOLD %«CP PEW TE UDEVICE [#ATT#SEC/C)= 0.5S44B8E+07
HOT Ma{P PER Tk DEVICE (waATT+SEC/C)S 0,26973E+03

_ _lOtO.HOT,INTERSTAGE CONOULETIVITY (WATT/SQ IN/CI= 6,3, 6,3, _20.0 ___ ___ . _ .. .
T,E. MaTERIAL COMM COMM
COUPLE OTISTRIAUTION= 70,00 31 .00
PELLET wINTH (INCH)= 0.0550 0,0850
PELLET LENGTH (InNCH)= 00,0630 0.,1510
STAGE awga (54 JuCH)= t.u4400 1,4400 o o
ALUMINA THENS ([NCH)= 0.0300 n,n300
SUS=-8AR THKNS (INCH)= n,0150 0.03°0
IXCHANGER FACTOR HOT coLD
FLUOIN TYPE HATEW HhOYXES
PLATE_TEMP_ (x) 321.73 287,86  _ _ _ ____ . _ e
INLETD TE™P (K) 294,36 294,30
QUTLET TEMP (k) 321,63 2RI 14
iT QUT UF FLDIOw} -1443,79 399,948
WT=PLT LOSE () A AT h,o3
PRANDTL MUMKER 4,9d102 43,2346hk
_ REYNOLDS WUMHER 1R, 10 17.98 o L
NUSSELF NUMHFR 6,3URR 5.185%6
{EAT [RNSFR CUEF 130,2172 75.7349
YRSS IRP{IN m20} 0,0157 f.1423
IEND FTR(IN m20) 0,001 0.0043
FLON KT (Ln/nK) 100,00 00,00
IXCH wEIGHT (LA) 41.7%5 11,60 - - - -
FIn LENGTIm (1H) 12.000 12.000
LVYR LENGT~ (ii} 1e.000 12.000
FIN REIGRT (IN) 1,205 0.510
FIN THKNSS (TN} 1.015 0,015
NUMIER UF F1INS 12,00 12,00
_FIn EPSILON v.33B06  N_.B0008

STEADY=SIATE SYSTEM PORER CONDITIONS
VOLTARE (VOLTS) 18,500
CUNRENT (aMPS} 57.439
PUNER (®ATIS) 1070.015
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SYSIEM PERFURMANCE DESCRIPTION DATE 01/21/77 1240
S4 TE UNITS MUDEL NO, CX952-70+31
WIRED AS {8 _PAWALLEL SETS NF __ 3 UNITS IN SERIES

IHEWMOELECTRIC DEVICE PHYSICAL DESCRIPTIUN
HEIGHT (INCH)= 0,86300 AEIGHT (GRAM)Z 21,129  RESISTANCE (OHM)=
. COLD M=2CP PER TE UEVICE (#ATTXSEC/CY= 0O _SS4UBE+Y2
HOT MaCP PER TE DEVICE (wATTxSEC/C)= 0.26973E+03
COLD,HOT, INTERSTAGE CONDUSTIVITY (walT/SQ IN/C)=_ 6.3, 6.3, 20.0

1.579

T,E., MATERIAL COMM CuMM
COUPLE OISTrInuTION= 70,00 31.09
PELLET #IDIH (INCH)= 0.0550 D.03%0
PELLET LENGTH (INCH)= 0.0630 2.1510
STAGE AREM (Sy INCH}® _ 1,4400 ___ l.4400 _
ALUMINA THKNS (INCHI= 0.8300 n.nian
___ BUS=B3AR THKNS (INCM)= 0.0150 0.0320
. EXCHANGE® F&CTOR HOT coLD
FLUIO TYPE aATER H0XEG
PLATE TEMP (K]} 321.BR8 _ 289.03% . e _
INLET TEMP (r) 234,30 294.3N
_ DOUTLEY TE~P (x) 321.82 290,80
HT OdJ7 OF FLO(#) 1451 ,62 408,02
PLT=PLT LUSS (w) b U3 6.4%
PRANDTL NU™BER 4,93279 42,13168
REYNOLDS NuMRER 16 ,¥3 27,74
NUSSELT nUMRER b.3838 5.3271
_ HEAT THENSFR COEF 130,2440 77,7485
PRSS DRP({IN mZ20) 0,017 {1.h697
. BEND FYR{In HED) h.00014 G.0096 .
FLO% RT (LH/HR) 100,00 300,00
EXCH WEIGHT (Ln) d41.79 _  li.60 o
FIN LENGTH (]In) 12.000 12.080
_ LVR EENGTH (IN) 12,000 12.000
FIN HEIGHT (IN) 1,205 0.510
.. _FIN THENSS (IWN) 0.015 0.015
NUMBER QF FIaS 32.00 32.00
FIN EPSILUN__  0,99R06 _ 0,66651

STEADY=STATE SYSTEM POWER CONDITIONS
VOLTAGE (VOLTS) 18.500
CURRENT (AMPS) 57.890

PUREN (nATTS) 1070.963

ORIGINATL PAGE IS
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SYSTEM PEKRFURMANCE DESCRIPTINN

s5a T

uniisS wUDEL nNO,

___WIRED_AS__1R PaRalLEL SETS OF

CX95P=70-3]

3 UNITS IN SERIES

OATE ny/21/77

)

THERMUELECTRIC DFVICE PHYSICAL DESCRIPTION

HEIGHT (INCH)=

T.E. MmATERTAL cComM CouM
COUPLE OTSTRIAUTIONZ 70.00 31,00
PELLET &IDTH {[NCH)= 0.0550 60,0850
PELLET LENGTH (INCHIZ 0.0630 0.,1510
STAGE ARES (84 InCw)=  1,4400 1.4400
BLUMINA ThKnS [INCH) = 6.,0500 n.0300
AUS=HAR THXNS (INCH)Z 0.0150 0.0320
EXCHANGER FACTOR HUT coLD
FLUID TYPE ~ ARTER 60LEG
PLATE FEwP (%} __ 321,89 f90,0¢t
INLET TEMP (K] 294,30 294,30
QUTLET TEWP (X} 521 ,R3 292,17
HT QUT LF FLODU#) -1452,.13 415,33
PLT=PLT LUSS (#]) .24 b.2d
PRANDTL NUMHRER 4,95228 41,25178
REYNULDS nNuUMAnER 16,13 47,32 _ _
"NUSSELT Numnew 6.343R S.SRAA
HEAT TwMSFR CUEF 130,2457 81.521t
PRSS DRP{IN HZ0) U,nts? 2e7308
SEND FTR{IN HPO) U.n0nt t.0268
FLON RT (LRZ/RR) 100,00 560,00
EXCH_#ELGHT (L4) 41,75 _ 11.69 B
FIN-LENGTH (IN) 12.080 12.000
LVR LENGTH (IN) 12,000 12.000
FIN HEIGHT (IN) 1.205 0.510
FIN THERSS {IN) 0.015 0.015
NUMAER (F FINS 52.00 32.00
___FIn EPSILON 0,99806 0,49736

V,4300

AFIGHT (GRAM)S 21,129
CULD ™#CP ®Ew TE ORVICE (wNATT«SEC/C)= N, SS544NE+DL
HOT M+CP PER TE DEVICE (WATT#SEC/C)z 0,26973E+03
___COLU,HOT, INFERSTAGE CUNOUMCTIVITY (aATT/SW IN/Clz

STEADY~STATE SYSTEM PUNER CONDITIONS

VULTAGE {vQLTS)
CURKENT (AMPS)
PUNER (naTT3)

15,500
57.97%
1072, 504

104
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SYSTEM PERFURMANCE DESCRIPTIOY DATE .01/21/77 1240
54 TE uwlTS MUDEL N0, Cx952=-70-31
____wIRED A4S 18 PARALLEL SEIS 0F 3 UNTYTS IN SkwlES _ - o
THERMUELECTRIC DEVICE PHYSICAL UESCRIPTION
HEIGHT (INCHIZ 0.4309 nEIGHT (GRAM)= 21,129 RESISTANCE [OHM)= 1,579
COLD ™aCP PEW Tk UEVICE (WATT#*SEC/C)= N.S544BE+U2
HOT MaCP PER TE DEVICE (wATT2SEC/C)= n.26973E+03%
B COLO,HOT, INTLRSTAGE CONDUCTIVITY (naTT/Suw IN/Cl=_ 6,%, 0.3, 20,0
T,k. WATEwIAL ClMum COMM
CUUPLE vISIKIBUTIONSZ 70,00 31,00
PELLET AINtn (INCH)= 0n.0550 0.0850
PELLEI LEAGIH L[NCH)EZ 0.06%0 0.1910
STAGE a=EA (50 [nCH)= _ 1.u4ud 1,4400 . ————
“RLUMINA TRRwS (InCR)= 8,0300 0.0300
BUS~HAr THAAS (INCr)= nD,0150 0,0320
EXCHANGER FACTOR HOT coLo
FLUID TYPE AATER BO%EG
PLATE TE“P (K) 321.96 290,486 o .
INLET TEYP (r) 294,10 294,30
QUTLET TEwmP (X) 321.90 292,77
HT OUT OF FLE(w) -1455,75 418,27
PLT=PLT LUSS (a) B.17 6.17
PRANDTIL NUFBEK 4,492H8UR 40 ,87334
REYNGLDS NUMREw 6,14 bt ,91 . e .t e
TUNUSSELT NuNkFR' Bb.S838 S.8267
HEAT TRNSFR CLEF 140 ,2581 RG_.9RET
PRSS DNP{Ixn na0) n,0157 3,8001
BEND FTR{IN nmen) [T T8 0.0522
FLOA RT (LR/HK) lua. oo 700,00
EXCH_AEIGHT (L8) 41,75 11,60 o B .
FIN LENLTH {TW) 12.000 12,000
LVR LENGTH (IN) 12.000 12.000
FIN HEIGHT (IN) 1.205 t.510
FIn THEKNSS (1IN} N.015 0.01%
NUMBER UF FINS 32,00 32.00
_FIN EPSILUWN 0.93K06 _ U,.3997R

STEADY-STATE SYSTE™ PONER CONDITIONS

VOL TAGE

(VUL TS)
CURKRFMNT (AMPS)
_POAER (wAITS)

14,500
57.94R
1072.774
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SYSTEM PERFURMANCE QESCRIPTION OATE 01720777 1237
94 TE UNTTS MODEL NO, CX952«70=-31

___AIRED A5 1A PARALLEL SETS 2F 3 UNITS IN SERIES

THERMOELECTRIC DEVICE PHYSICAL DESCRIPTION
HETBHT (INCH)= 0.u300  ~EIGHT (GRAM)Z 21,129 RESISTANCE (OH™M)z 1,579
CULD M+CF PER TE UEVICE (wATTSEC/C)= 0,.5544BE+0R
HUT M«CP PER TE OEVICE (#AlT+SEC/C)= 0.26973E¢U3

COLD,HOT,INTERSTAGE CONDUCTIVITY (NATT/Su IN/C)= 6,3, 6,3, 20,0

T.E. MATER]AL ComMM CoMmM
COUPLE DISTRINUTIONS 70,00 31.00
PELLET 2l0TA (lNCH)= 0.0550 0.0850
PELLET LENGIH (INCH)= 0.0630 01,1510
STAGE ARES (Suw IwCH)=Z 1.4400 1.4400 e
ALUMINA THKNS (InCA)= 0,0300 0.0300
BUS=HAR THKNS LlINCh)= 0.0150 0.,0320
EXCHANGER FACTOR HOT coLD
FLuln TYPE AATER bOXEG
PLATE TEMP (K} 506,08 282.14 . )
INLET TEWMP (K) 294,30 294,30
QUTLEY TEmP (x) 304.59 282.65
HT 0UF GF FLD(w) =1627,70 488,75
PLT=PLT LUSS () 4,69 4,69
PRANDTL NUMBRER 6.040582 47,9795K0
REYNOLDS NUMRER 40,48 . B.o3 I
NUSSELT NUMBER f 1T 5,036
HEAT TWNSFR CUEF 124.54997 73,7506
PRSS OnP(IN H20) 0.0565 0.6374
BEND FIR(IN M2y) G.0005 n,0011
FLOA RT (LA/HR]} 300,00 100,00
EXCH 4E1GHT (Ld) 41,75 11.640_ L o
FIN LENGTH (IN) 12.n00 12.000
LVR LENGTH (IN) 12,000 12.000
FIN HEL1GHT (IN) 1,20 0.510
FIN THKNSS (IN) n,01% 0,015
NUMAER OF FINS 312,00 32,00

FIn EPSILON  0,MT337 0,95763

STEADY-STATE SYSTEM PUNER CONDITIONS
VULTEGE (vULiIS) 14,500
CURKENT (AMPS) 53,584
PUWEW {#a118) 1176, 341
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SYSTEm PERFURMANCE DESCRIPTION OATE 01/21/77 1240
S4 TE UNITS MUDEL N0, CX952=70=31
AS__ 1B PLRALLEL 3ETS OF 3 UNITS IN SERIES O S
THEWMUELECTRIC DEVICE PHYSICAL DESCRIPTION
HELIGHT (INCH)= 0.u3060 WEIGHT (GKAM)= 23,139 RESISTANCE (OHM)= 1,579
J0LD “«CP PER TE DEVICE (WATT#SEC/C)= 0.55448E+02
HOT M4CP PEH TE UEVICE (WATT#SEC/C)= 0,26973L+03
e sOLD, HOT, INTERSTAGE CUNDUCTEVETY (NATT/SO IN/C)=_ 6,3, 6,3, 20,0 _

T.E., mAIERIAL COMM COMM
COUPLE DISTR[BUIIONS 10,00 31.00
PELLET w1DTH (INCH)= 0,.0550 00,0850
PELLET LEnGIR (InCH)= n.0630 0.1510
_STAGE AREA (5§ jwCH]= 1.,4400 _ _f,d400 o ) e
ALUMINA THRNS (JwCHM)= 0,0300 0.0300
BUS=8AR THKNS ([aCH)= 0.0150 0.0320
IXCHANGER FACTOR HOT coLp
FLUTD TYPF AATER 60%EG
PLATE TEMP (K) 506,18 285,07 L . -
INLET TEMP (K} 294,30 294,30 ,
OUTLET TeMP (X) 304,58 286,17
AT QuT GF FLD(w} «1681,70 471,44
HT=PLT LOSS (a) 4,13 4,13
PRANUTL wUMREW b, 03497 as5,3212?7
__ REYNOULOS_NUMBER 40,51 12,81 . - . . B e,
NUSSELT NnwRER B,u1l1 5.1114
{EAT TRNSFR CUEF 128.6091 74,7425
IRSS ORPLIN m20) 60,0585 0.,95003
3JEND FTR(1IN H20} 90,0005 0.002¢a
FLOA RT (LB/HR) 00,00 150,00
. iXCH #~EIGHT_[(LR) = a1./5 11,60 _ B e _
FIN LEMBEH (LN} 12,000 12,000
LVR LENGTH L([N) 12,000 12.000
FIN MEIGHT {In) 1,205 0,510
FIN THENSS (IN) 0,015 0,015
NUMBER OF FINS 32.00 32.00
FIN EPSJLUN 0,8733%8 _ 0,BB074_

il

STEAOY=STATE SYSTEM PONER CONDITIONS
VOLTAGE (vOLTS) 18,500
CUKRENT (AMPS) 63,802
__PUXER (malTS) 1180,3R0

ORIGINAT} PAGE 1S
OF POOR QUALITY
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SYSIE™M FEREFORMARCE UESCRIPTINN DATE al/21/77 1109
S4 TE ONITS wNEL w0, CX9952=-70=-3%
AIwkh A5 TR PAMALLEL SEFS 0F T LNITS IN BERIES
IekevabLEC TR DEVICF PHYZICAL NESCRIPTINN
4FI6nl (Lwrr)z b 43ga AFIGHT (RxaM}z 21,129 RESISTANCE (OrM)=z
ZOLY MmeCP PBEW 1F IEVICE (AaTlesFC/CY2 O,5344RE+02
HidT Aelr PFr TF UFviLe (98TI«SEC/C)E 0,26973E+UR
TULD,,FUT, IMTExSTanF COVAUCTIVITY (NaTT/SR IN/CIR R,3, .3,
T.t. “alEwlalL Cim cowM
COWPLE NIST=InullUuvs= 70,00 31.00
PELLET «l0lr (1NCH)= 0.1550 0,0R50)
FPELLET LEMETH (InCH)Z n.0630 G.1510
_STAGE awfd (>0 INCH)= 1.4400 T.4400
ALUMINE THeNS ([aCH)= 0,0300 a,n3a00
YUZ=BAR ITmkNS (TaCh]= 6.,0150 1,n320
IXCHANGER FaCTunx ALT coLn
FLiJJ TYPF #ATER HOXER
PLATE TE~P (k) TNh,2T AR5 ,53
INLET TEmMP {K)} e9u, 30 294,30
DIFTLET TEmP (K] 3nars 88,08
AT OuT OF FLB(a) -1hA%4,0R 441,499
W T=PLT LUSS (&) 3,40 3.8h
PRANDTL NimMhkw h,0RY14 43 ,9K572
REYNHLINS MINAMFR 40,55 17,65
NUSSELT wobRFN q,ut?t S.1849
{EAT TRNSFE CUuEF 1PR.nAT2 715.7942
INSS P (ln npn) Wv.N5ha 141630
IEND FTR ([N mPYy) 6,0005% n,0nusd
FLON BT (La/snwe) 40,00 N, o0
IXCH AR EGmD {(LA) 41,79 li,.en
CFINUFRGT™ (IN) 12.000 12,000
LVR LENGT= (1N} 12,000 12.000
FIN HEIGHT (%) 1.205 0,510
FIN TAaXtbps (En) n.N19H 0,015
NUWSEw GF FIVS 12,04 32.00
FIN EPSTLUN n,AT340 0,A005%
STEADY=STATE 3757+ PUAFR CUMDITIONS
viLEaAGF (vl TS) 18,500
CUwRENT (AamP3) h3,R9%
PUnfFr (#RFTS) 11A2,029
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SYSIEM PERFUORMANCE NDFSCRIPTION

S4 TE UNITS wuneL
___WIRED A5 1A PaRALLEL SETS OF

W, CX9%2-70=31

NATE N1/s21/77

3 UNITS IN SENRLES

THERMOELECTRIC DEVICE PHYSICAL DESCRIPTION

HEIGHT INCHI= 0.a300
SOLD ¥xCP PER TE OEVICE

WEIGHT (GRAM)S
(HATT#SEC/C)= 0.5544AE+02

HOT MeCP PER Tk UFVICE (A4TT#SEC/C)z 0.2697%E+03
_SOLD,HUT,INTERSTAGE CUNDUCTIVITY (w&7T/S50 IN/C)=

T.E. MATERIAL COMHY COMM
COUPLE NDISTRIRUIIuN=s 10,00 31,00
PELLET alnim (INCH)= N.0550 0,0R%0
PELLET LENGTIM (INCH)= n, 0630 00,1510
STAGE awEa (84 InCh)= 1,4400 1,4400
TALUMINA TS (IaCn)= 0.,0300 n.0300
* BUS«=dak THRKAS [INCH)= Nn,0150 A, n3en
SXCHANGEK FACTOR HuT coLp
FLUID [TYKE #ATER 50%EG
PLATE TE#P (x) 306.3%5 287,96
IMLET TEMP (x) 29¢,30 294,30
OUTLET TEmMP (x) 104,34 290,07
4T QUT OF FLRtn) =1667,2% 492,25
BLT=PLT LOSS () 3.A0 3,60
PRANDITE WNUIMHEK B.02295 42.6103R
REYNULDS MIIMAREK 40,88 27,440
T U NUSSELT NUMRER f,u171 5.3264
{EAT IHNSFR CUEF 128, 6302 77.7614
ARSS DHPITIA RpQ) N, 08564 1.6906
IEND FTR(IN R2O) U 0045 0.0098
FLOA RT (LR/RE) 300,00 300,00
__ZXCh_#EI6nT (Lo} 41,75 11.60
FIN LENGTH (M) {2.000 12,000
LVR LENGTH (IN} 12.09n 12,000
FIN HEIGHT (IN) 1.208% 0.510
FIN THKNSS (IN) 0,015 0,015
NUMAER DF FINS £2,.00 32.00
_FIN EPSILUN 0,K87342 0.nbsAS

STEADY=STATE SYSTEM POAER CONDITIONS

“VOLTAGE (vuLTs)
CuxkrEnT [AMPS)
_POnER (waiT§)

18.500
63,978
1183,590

[DRIGINAL PAGE I8
DB POOR QUALILY

109

Pl.129

RESISTANCE (0OHM)=z

i

1109

1.579

h.3, 6.3, 2?2n.0



SYSTEM FEKFOMWANCE DESCRIPTION DATE 01/21/77 1240
Su TE UNITS MUDEL MU, CX952=70w31
AIRED AS 1R PAKALLEL_SETS OF 3 UNITS IN SERIES __ -

THEXMOELECTRIC DEVICE PHYSICAL DESCRIPTION

REIGHT (INCH)= 0,4500  WwEIGHI (GRAM)Z 21,129  RESISTANCE (QHM)z 1,579
COLD MeCP PEK TE UEVICE (WATT#SEC/C)= 0,5544BE+02
HOT MaCP PER TE UEVICE (wATT2SEC/C)3 0. 26973E+03

COLD,HOT, INTERSTAGE CONDUCTIVITY (WATI/SU IN/ZC)=_ 6,3, 6,3, _20,0

T.E. MATERTIAL COmMM COMM
COUPLE DISTRIAUTION= mn,00 31.00
PELLET w&lINTH {INCH)= n,06550 0,0850
PELLET LENGT» {InCH)= 0,0630 0.1510
STAGE_ anREA {S$4a 1aCH)= _ 1,4400 totaoo ) e
ALUMINA THKNS (INCH)= 00,0300 0,0300 .
BUS=BAR THKNS (INCH)= 0.0150 N.0320 .
EXCHANGER FACTOR HOT coLD
FLUID TYPE AATER HOYEG
PLATE TEWP (k) 308,39 2B9.12__ _
INLET TEMP () 294,30 294,30
DUTLET TEMP (K} INu. .86 291,72
RT OQUT 0OF FLD(w) {670,486 501,12
PLT=PLT LUSS (&} 5.38 3,38
PRANDTL wWUMRER b 021724 d1,553%88
____REYNOULDS MUARER 40,59 46,96 .
NUSSELT ~NUMHBER b,d17d S5.5881
HEAT THRnSFR COEF 12K, hU23 %1.525¢
PRSS DRP({IN ~20) 00,0564 2.7508
FEND FTIR(Iw nEf) J,ud03% N,0266
FLOA RT (LR/h¥) 306,09 500,00
EXCH wEIGHT {LA) 41,75 0 11,69 _ } N, N
FIN LENGTH {(In) 12,000 12.000
LVR LENGTH {In} 12,000 12,000
FIN HEIGHT (In) 1.20n% 0.510
FIN THANSS (IN) N.01% 0.015
NUMBER OF FINS iz.00 $2.00
Flu EPSTLUN 0.473%42 _ 0,49754_ _ oL ., —

STEAUY=STATE SYSTEM PUYER CONDIT[ONS
VULTAGE (VOLTS) 18,500
CURRFNT (4MPS) 64,067
_POsEw (#ATTS) 1185,237
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SYSTEM PERFURMANCE DESCRIPTION DATE 01/21/77 1240
S4 TE UNITS MUDEL NO, CX9S52«70-31
wIHED AS. |8_PANALLEL SETS OF 3 UNITS IN SERIES _

THERMOELECFRIC DEVICE PHYSICAL DESCRIPTION
HEIGHT (INCH)= 0,4300 sEIGHT (GRAM)= 21,.1°P9 RESISTANCE (OHM}=s 1,579
COLD M#CP PEW Tt UEVICE (WATT=SEC/C)= N.SSULHBE+C?
HOT MxCP PER TE DEVICE (WATT+«SEC/C)= 0,26973E+03
COLD HOT, [NTERSTAGE CUNDUCTIVITY (#ATT/S0 INJE)=_ 6.3, _6.3, 20,0 _ ..

T.E, MATERTAL COMM COMM
COUPLE DISTRIBUI LONS 710,00 31.00
PELLET AlnTw {INCH)= n,0950 0,0R50
PELLET LENGTH (InCH]}= 0.0630 0.1510
_ STAGE_AREaY (SS9 InCH)= 1,4400 1,400 . _ _.___ ___ .. e e
ALUMINA THRANS (InCm)= 0.0300 0.0300
- BuS«BAR THKRNS [InCH)= 0,.0150 0.0%2¢9
EXCHANGEXR FACTOK HoT coLoD
FLUTID TYPE ‘ HATER 60%EG
. PLATE TrwP (K)_  ___ 308,47 _ P89,86 _ R e
INLET TEmMP (X) 294,30 294,30
QUTLET TEMP (X) 364,89 /92,45
HT OJUT DOF FLO(A) -1675,27 505,0h
PLT=PLT LOSS (A} 3.78 3.28
PRANDTL NUMAEF b.,01917 u41.0739%
REYNOLOD ~NUMHBER _oan,el 66,56 } - .. e
NUSSELT Vu~RER BTl 5.8259
HEAT TRNSFR CUFF 1PH.A4TY AY,9689
PRSS DRPIIN H20) 0.0563 53,8199
BEND FTr(iN moU) i, 0009 n,05¢22
FLUN RT (LH/HK) £00,00 760.00
EXCH ®EIGHT (L8] 41,75 11,60 N L. o
FIN LE~GTH [IN) 12,000 12.000
LVR LENGTR (LlN) 12,000 - 12.000
FIty HEIGHT (1w 1.209 f.510
FIN THKNSS (iw) n.01% 0,015
NUMBER OF FINS j2.00 32.00
FIN EPSILUW n.,A7343  0,33949

STEADY=STATE HYSTEY PONER CONDITIONS
VOLTAaGE (vuLTS) 18,500
CURKENT (AMPS) 64,101
PUAFR (4AT1S) 11A85,Rb1

ORIGINALI PAGE IS
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S5Y5lkmM HENFNXMANCE DESECRIPTION DATE ot/21/77 1109
54 1€ uUMIiS VDDEL w0, €Xx9%2-70-31
_{IwED_AS 1A PaRaLLEL SETS DF 3 UNITS IN SERIES e . N
THERMOELECTRIC DEVICE PHYSICAL DESCRIPTION
{EIGHAT (INCH)= (.,4300 wEIGHT (GRaM)= 21,129 RESISTANCE (OHM)= 1,579
LD ¥«CP PER [£ DEVICE (WATT#SEC/C)= 0,.55448E+02
HOT MxCHF PER TE DEVICE (AAYT*SEC/CI= 0,26973%E+03

L OLD, QT INTEMSTALE COWNDUCTIVIIY (#aYT/S6 IN/CI= 6.3, 6.3, 20,0 __ _. .

T,F, MATERTAL COMM COMM
COUPLE DISTRIBUTIONS 70.00 21.00
PELLET «IRTH [INCH)= 00,0550 0.0850
PELLET LENGTH (INCH)I= 0.0630 0,1510
. STAGE awEa (Su INCH)Z 1,4400 1,4400 . o
ALUMINA THKNS (INCH)= 00,0300 N.03%00
BUS=dAR THANS [INCH)I= 00,0150 00,0320 .
IXCHANGER FACTOR =T coLn
FLulnh TYPE NATER ANXEG
o __PLATE_TE~P (k) In3 15 281,77 _ . . ———
INLET TEmP (K] 294.3%0 294,30
OWTLET TEMP (X) sud,.ef 282.30
IT QUT OF FLU(W) =lhkp2.PU 462,10
ILT=PLT LUSS () 4,19 4,19
PRANDTL NUMHER A,34998 48,249%8
REYNOLNS NUMRER h8,54 7.98 . .
NUSSFELT NUMBER A, u9US 5.0385
IEAT TRNSFr CUEF 129.4079 73.7990
- IRSS DRP(IN H2U) 0.0988 f.0412
FEND FTR(IN n20) 0.0013 n, 0011
FLO& RT (LRB/HR) 500,00 100,00
JXCH_WELIGAT tLH) 41,75 11,60 L . e e
FIN LENGTH (IN) 12,000 12,000
LVR LENGTIH {In) 12.000 12.000
FIN HEIGRT (IN) 1.205 0.510
FIN 1HXa35 (IN) n,015 0,015
NUYHER QF FINS 12,00 32,00
FIN EPSILON _ O,711RE  0,95769  _ o S e

STEADY=STATE SYSTEM POUwWER CUNDITIONS
VOLTARE (VULTS) 12,500
CURRENT {aMPS) k4,779

__PnweER (wATTS) 119R,414
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SYSTEM PERFURMANCE DESCRIPTION
S8 TE UNITS MODEL N0, CX952=T70«3}
NIRED AS 1R PARALLEL SFTS OF

3 UNITS IN SERIES

DATE 01/21/77

12490

- —— e — e

THEWMOELECTRIC UEVICE PHAYSICAL DESCRIPTION

HEIGHT (INCH)= 0.4300

WEIGHT (GRAM)Z= 21,129

RESISTANCE (QHM)=

SOLD “aCP PER TE DEVICE (nATT*SEC/C)= 0,55448E+¢02
HOT M2(CP PER TE UEVICE (HATT+SEC/CY= N,26973E+03

J0LD,HOT, INTERSTAGE CONDUCTIVITY (AATT/50 IN/C)=_ 6,3,

T.E, MATERIAL Cumm COMM
COUPLE DISTWIRUTIUNS 70.00 31,00
PELLET AIDTH (INCH)= H,u550 N,0850
PELLET LENGTH (INCH)= 00,0630 00,1510
STAGE 4REa (SG [wCH)= 1.4200 _ 1.4400
ALUMINA THEKNS [INCH)= 60,0300 0.0300
BUS=84K THKNS (INCH)= 0.0150 0.n3%20
SXCHANGER FACTODR HOT coLn
FLULD TYPE WNATER 60%EG
PLATE TEmP (K} s03.24 2au, 78
TMLET TEWF (x) T 294,30 294,30
NUTLET TEYP (K} I0u.b7 2R5,9°2
4T QuT OF FLUL(w} =1h18,78 age, i1
JLT=PLT LLSS () 3.61 3.0l
PRANDTL m™IIMBER n, 38558 45,50531
REYNOLDS NuMBER 64,58 12,75
NUSSELT MUmWRER &.2945 S.1113
4EAT TRNSFR CUEF 129,.4178 J4,.1884
IRSS DRP{ln n20) n,09R8 00,9042
IEND FTREIN H20) p.0n13 0.0024
FLON RT (LH/HK) S00,00 150.00
____IXCH_AEIGHT (LB) _ _  41.75 11.60 _
FIN LENGTH (IN) 12,000 12.000
LVR LENGTH (IN) 12.000 12,000
FIN HEIGHT (IN) 1,205 0.510
FIN THKNSS (IN) 0,018 0,019
NUMBEK OF Flied 32.00 32.00
__FIN EPSILON _ 9,.71190 _ 0,.BB083

STEADY=STATE SYSTEm POwWER CONDITEIONS

VOLTAGE {(VULTS) 18,500
CURKEN] (2MPS) 65,004
B ___PUAER (aATTS) 1202.57S5 _ _
ORIGINAG: PAGE IS

OF POOR QUALITY

113

6.3,

20,0

1,579




SYSTEM PENFUAMANCE DESCHRIPTION DATE 01/21/77 1109
54 TE uNITS MODEL ND. CX952=70=31
YIRED_ &S5 18 PaR&LLEL SETS OF 3 UNITS IN SERIES _  _» _ = _ . o
TRERMOELECTRIC DEVICE PHYSICaL DESCRIPTION
{EIGHT (IMCH}= u,4300 AEIGHT (GHAM)= 21,129 RESISTANCE (OHM)= 1,579
J0LD %«xCP PER TE OEVICE (#ATT2SEC/C)= ND.S54uBE+02
0T ™M*CP PER TE UEVICE (wATT2SEC/C)I= N,26873E+03
IOLD,HMDT, INTERSTAGE CUONDUCTIVITY (WATT/SH IN/CIS A3, 6.3, 20.0

T.E, #aleriIal COMM COMM
COUPLE DISTRIBUTIONS T0.00 31.00
PELLET wihTk (INCH)= 0,n550 n.0850
PELLET LENGTH (TNCH}=2 n.e630 N.1510
_STAGE AWESL_ {503 1aCH}=z __ 11,4400 __l,4400 _
ALUMIAA THKNS (INCH)® t,0300 n,0300
BUS=BAR TrRKNS {[INCH)= 0,0150 n,03%20
IXCHANGER FACTOR HYT ToLD
FLUID TTYPE WATER 6OYLEG
. _PLATE_TEmP (k) 303,.%2 | 286,28 _ o
INLET TEmP (k) 294,30 94,30
QUTLET TEMP (KX} $00,72 287,88
4T vuT OF FLo(w) -1692.9% 497,22
I T-PLT LOSS (&) 3,34 3,34
PrRaNOTL w~h~RER 6,3d126 44,1055&
e REYNOLDS MUMBER hd b2 17.59 N e e i o
NUSSELT NumMpER H, U585 5.1848
{EAT ThiNSFR CUEF 129,u42795 75.7625
IRSS DRP(IN HENR) 0,0987 1.1669
JEND FIR(IN nep) H,0013 00,0043
FLOn RT (LS/HK) S00,06 200,00
. IXCH #EIGHY (L%) 841,75 11,60 _ e o P
FIN LENGTH {}IN) 1é.000 12.000
LVR LENGTH (]n) t2.000 12.000
FIN HEIGHT (IN) 1.205 0.5%0
FIN [HRY55 (Iw) 0,015 ¢.01%
NUMHER OF FINS 32.4G0 32.00
__FIN EPSILUM _ 0,71191 _ 0,R006&} e ————— = : I

STEADY=STATE SYSTEM POWER CONDITIONS
VOLTAGE (VOULTS) 18,500
CURRENT (&mPS) 65,100
___POAER (#a1T8} 1204,357
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SYSie™ rEnFU<YANCE DESCRIPTION DATE 01/21777 1109
54 TF ud]lS «OnEL ~u, Cx952=-70-31
VIRED A% & vawALLEL SETS OF T UNITS IN SERIES
. TrEWsDELECTRIC OFVICE PHYSICAL NESCRIPTTON
AEIGHT {ImCm)=s G, 4300 AETGHT (GR&M)= 21,129 RESTSTANCE (OHM}=
JOLD vx{p Pk [E UEVICE [(vATT*SEC/CYE 0,55ud8E%02
AUT WM*CP PER 1¢ BEVICE (#ATT2SEC/C)I= 0,269Y7%E+G3

T.r, valenlal Comv roMm
CUUPLE L1STxinulfunz 70,00 31.00
PELLET  wTOTH (InCHYI= n,0550 N, 0”50
PELLET LEAGTH (INCHYS 0, 0A30 0,910
o STAGE aAwFy {Su lNMCp}= 1.440q 1.44800
ALUMINA Fhaid (luLn)s 0n,.0%90 A, 0300
RUSwriAnw [H4M§ [LACH)= f,n150 N.aien
IXCHAANGER Fal l(iw i ] cuLd
Fruln Ti¥g ZATER GNLEG
) FLATE TE~P (%) tu3, 28 PRTLTS
TTTTINLET IRwe (%) 298,30 294,30
DUTLET e a¥ (K) 00, ThH Fd49,93
AT Dl Ok FLDLA) =1 f0s,44 508, 37
ILT=PLT Lubs (w) $.0p 3.06
PranpTL S'wnER h,$%773 d2,.10%18
CHEYNULIS wuamER ht, RS ¢7.%4
NUSSELT wytdmiw houg9ds 5.32p%
{EAT TRNSFW [OFF 129.6354 T7,7h41
PRSS UWP[lu =2n) u.nan? 1.6939
IEND FYR[ A ma0) BL,0013% n,0096
FLUN WT [(LAfHn) S0, nn aon,nn
L _AxCr REILAT LLn) £1,79 11,60
TTTFIN LENGLTA (1M 12,000 12.000
Lvk LEwlTA (TB1D 12, 6040 12,000
FIN MEIGWT (In) 1.°205% h,510
FIN Trkuss (IR a,014 6,018
NUMEER OF M8 42,04 32,00
FIN EOSTLUN D.71182 0.6hb91

STEADY=STATE SYSTEY rUxE« CONNITIONS
VOLTARE (vuOLTS) 1RA,500
ClikiEnT (AYPS) A9,.»00
PuskW {raTln) 170k 208
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SYSTEM PFHEURMAANCE NDESCRIPTTION OATE 01/21/777 1P4n
54 TE uUaT1S MuDEL, MO, CXx952=T0=31
NIRED AS 1#® WawaAlLLFL SETS OF 3 UNITS IN SEHIES

Trtxwub LECIRIC QDEVICE PHYSICAL DESZRIBTION
HEIGHT (InCHYIz o, 4300 AETLHT (GRAm)= 21 129 ®FSISTANCE (OHM)= 1.579
COLY M«CP PER |E DEVICE (HATT«SEC/C)= 0, ,SS44RF+02
HUT MaCP Pew Tt DFVICE (wATT#SEC/CYs 0, 26YT3E+03
COLD,MUT, 1nieRstank CONUUCFIVITY (wafT250 [M/CY= 5,3, LT en, o

T,E. waleRlaL Chuv cOum
COUPRPLE NISEkIxyl Nz 700,010 31.00
PELLET wIDIn (LuCw)s= 0,.0580 0,0450
PELLET LEwRTm (|.Chlz 00,0630 0.15106
_STAGE AREA (84 [NCHYE t L4800 1,4400
BLUMINE THxNS ((~CHI= 11,0500 n.,6300
dub=Rar Trakiny (1sCr)s G.0150 fn,0%20
EXCHANGEN FALTOR LU couLn
FLULD TryPt ALTEW 6NXER
_ __PLATE TEMP (=} 305,44 2A4,95
INLET TEVP (X)) A9d, 40 294,30
QUILET [FYf {K) 400 KO 291,54
AT UJT UF FLoLw) -1718,17 517,12
PLT=PLT LUSS (4} R.H3 2.83
PRANDIL 1 ItHaE i fn.3%448  41,.5A694
REYNOLNS wh¥afw i, ok Uk, 99
NUSHELT vliveFw b, u94d5 5,5379
HEAT Thiokw (LFF 123 _4Lu2A Al,.5°A3
PRSS Dwlk(iv n20) 1, N9RR[ P.T545
REND FTR{If h20) B.,uf13 n,07hk
FLOA =T {L=sRw) SO0 0 SO0, G0
EXCH WEIGHT (LH) ul 715 11.h0
FIN LENGTH (1n) 12,000 12.000
LVYR LENGTH (IN) 12,000 12,000
FIM =EIGRT (V) 1,205 0,510
FIN THind3 (179) 0,019 2,019
NUMHER UF FINS $2,00 32.0n
FIN EFSILUN 00,7119 0.49757

STEANY=-2TATE SYSIEY POAER CUunDITIONS
VULTAGE fvablial 14,500
Curv=fFt | [asPYy) hS,279
PUEN {rafT5} 1707, Rkl
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SYSIE™w PERFIINMANCE DESCRIPTION NATE 01721777 1240
S4 TE UNITS MUDEL N0, Cx952=70=31
WIRED AS_ 1A rakalLEL SETS GF 3 UNITS 1IN SERIES e . e e e e e
THERMDELECTRIC DEVICE PHYSICaAL DESCRIPTION
HEIGHT (INCH)= 0,4300 wEIGHT (GRAM)= 21,129 RESISTANCE (DHM)= 1,579
CULD “eCP PeR Tk DFVICE (#ATT#SEC/C)= 0,5544RE+N2
HUT M2CP PFRk TE UEVICE [AATT«SEC/C)= 0.26973E+03
COLD,HOT, INTFRSTAGE CUNDUCTIVITY (waATT/S5R IN/C)E  ba3,, 6,3, 20.0_

T.E. MATERIAL COMM COMM
COUPLE DISTRIBUILION= T0.00 31.00
PELLET wIRTH (INCH)= 0.0%550 0n,0a50
PELLET LENGTH (INCH)= 0.0630 N, 1310
STAGE &RE& (S@ InCh)= __ 1.,44n0  1.,4400 . o e e e
ALUMINA THRNS ([NCH)= 0.0300 0,.0300
BUS=3AR THKANS (IRCH])= 00,0150 68,0320
EXCHANGER FACTUR HOT coLo
FLUTIO TrPE #ATER 60ZEG
PLATE TEMP (K] _ = 308,47 289,52 __ . . [
INLET TEAP [K) 294,30 Peu,.3)
QUILET TE4P (K) $0G,A3% 292,39
HT DJT OF FLODLA) -1720,81 S21.18
PLT-PLT LUSS (#) 2.73% .13
PRANDTL AUYRER h,.3327A  41,11147
REYNULDS NUMAER 64,70 hb6.49 e e i
NLSSELT NUMRER hL,u9485 5.8258
HEAT THNSFR CUEF 129, 4467 R4,9690
PRSS DRP(IN n2u) 0,098k 3.8236
BEND FTR(IN w2() 0,003 0,0%22
FLON RT (LH/HR) Sn0,¢0 700,00
__EXCH #EIGRT (LAY 81,75 _11,69 ~ . . . e o
FIN LENGTH (IN) 12.060 12.000
LVR LENGTH (IN) 12,000 12.000
FIN AEIGAT (IN) 1.205 0.510
FIN ITHKNSS (1iv) 0.015 0,015
NUMBER OF FInS $2.00 32.00
CFIN EPSILUN 0.71194 0,39990

STEAUY=5T4TE SYSTEM PUWER CONDITIONS
VOLTAGE (VOLTS) 18.500
CURKENT (&NPS) 65,314
POAER (#ATTS) _120a,311
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