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1.0 gbstract
The results of an experimental investigation of the thermal efficiency of a

carrier designed for hot Hanford slugs are praesented in this report.
Bight hours after discharge from the Hanford pile, the hottest Banford slugs
will have a heat evolution of 55 watts per slug (1). This heat output was dupli-
cated in experimental tests on a carrier fabricated per drawing Nos. D3994 - D4000.
The following results and conclusions are presented for the carrier fully
loaded with 19 slugs with a total heat evolution of 1045 watts (55 watts per slug).
1, A maximum temperature of 345° F of the slug located in the center of the
basket was reached after approximately 12 hours.
2. 'The temperaturs at the surface of the carrier was 176° F (ambient air temperature =
86° ¥). |
3. Experimental results are in reasonably close agreement with calculated results
on which the design of the carrier was based. |
4o The carrisr as designed has sufficient thermal cooling capacity for use in the
‘ shipment of hot Hanford slugs.

2.0 JIptroduction
This investigation was conducted to determine whether or not the carrier

designed as shown in ORNL drawing Nos. D3994 - D4000 possessed sufficient thermal
cooling capacity to be used in shipring hot Hanford slugs. The carrier should be
able to lose heat at a rate sufficient to maintain temperatures that would not damage
carrier or slugs. A maximum temperature appreciatly below the melting point of

lead (~~620° F) would be satiafactory since lead has a much lowsr melting point
than all other materials in the carrier and sluga.
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The design of the carrier was based on recommendations by J. A. Lane (1).
He gave a calculated maximum slug temperature of 236° F (neglecting the tempera-
ture rise through the basket and across the air gap between slug and basket) when
the carrier was loaded with 12 slugs producing 660 watts of heat. This maximum
slug temperature is calculated to be 279° F when corrected for the temperature
rise through the basket and across the air gap between slug and basket. This would
be 12 hottest Hanford slugs & hours after dischargs from the pile. Since the carrier
is designed to hold 19 slugs, the investigation was made using 19 dummy aluminum
slugs electrically heated to produce 55 watts per slug (1045 watts, total). Thus
caleulated results would be inereased proportionably and are compared directly with
experinental values.
3.0 Galcylations

The following calculations of temperature rise in the carrier are those made
by J. 4. Lane (1) corrected for a carrier loaded with 19 instead of 12 slugs. Total
heat evolution is 1045 watts (55 watta per slug) or 3580 Btu/hr.

a) Temperature drop from carrier to air

aTp = 9
bA

Q = 3580 Btu/hr (for 19 slugs)

b * 1 Btw/hr (££2)(°F)

A =2, /18 = 42 42 where surface ares of carrier = 24 £t
and surface area of cooling holes = 18 £12

LTp= 2580 : B4°F
L2xl

b) Temperature drop through carrier

T =
aTh Zﬁ‘i‘"ﬁ;"%;’

k = thermal conductivity of lead = 19 Btu/hr(f42) OF/ft
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b) Temperature drop through carrier (continued)
r; = internal redium = 6%
ro = external radium = 15¢

%)[%g_%J: 18° ¥

(Correction for reduced area at cooling holes = 2° F)

o
t?
o

c¢) Temperature drop across air gap betwean basket and carrier

AT, gt
XA

0.016 Btu/hr £t2 (9F/ft)
2.2 £t2

k

RS
i1 1]

clearance = 0,005 inches
(AR, -~ 7

d) Temperature drop across basket

ATa

k
Volume of Pb = 0.107 £¢3 13
Volume of U = 0.133 £t3 12
Volume of air = 0,003 £t3 .016

The average valus of k = 15 Btu/nr £4° (°F/ft)

aTh = 331‘2 s
4k lirrrk

where g, = heat generated per unit volume
Q = total heat generated
r 3 redivs from center of basket to outer slug = 4°

ATy = 2 42°F
1 4) 15
e) Temperature drop across air gap from slug to basket
ATy = g1
Ak

A = surface area of alug s 0.246 £t

v~

-
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@) Temperature drop across air gap from slug to basket (continued)

q = heat generated per slug * 55 watts = 188 Btu/hr

k = 0.018 Btu/hr €42 (°F/ft)
1 = alr gap = 0,007 inches
ATy = g 28°F

O. ¢.018
The temperature of the center slug then becomes
Tg £ 4Tp # ﬂTp?h/ aTg £ 2Ty £ a1,

For an air temperature (Tg) of 86° F the calculated center slug
temperature is 300° ¥, ;

Calculation of time required for carrier %o reach equilibiium.

Since the carrier increases in temperature about 100° F at equilibrium,
the total Mt capacity of the carrier is = W Gp ¢t where
. woight of carrier = 6350 lbs.
Cp * heat capacity of lead = 0.0315 Btu/lb °F
4T ? average temperature rise = 1000 F
Total heat capacity = (6350)(.0315)100
= 20,000 Btu
The average heat loss to air = hA ATgye
where h = 1 Btu/hr £42 OF
A = gurface area of carrier and cooling holes =- 42 £42
2Tape = Q_é.__Sj g 42.5°7F

heat loss = 1 (42) 42.5 = 1760 Btu/hr
heat generated = 3580 Btu/hr

Tme to reach equilibrium <= 000 = 11 hrs.
3% - 1760




Teat work was conducted on the carrier fabricated per drawing Nos. D3994 -
D4000. The cleerance betwsen the slug basket and the carrier was a maximum of
0.;005' ag meusgured with fesler gages.

The cerrier was fuliy loadsd vith nineteen (19) electrically beated %immy®
aluninun slugs machined to dimemsions of the Hanford slug es given on page 115,
Section 4 of the Hanford Technical Manuval. The dismeter was held to 1,440 § 0,002
inches. All slugs fitted snugly but easily into the holss in the basket. The
average clearance between the slugs and holes was 0,007 inch.

The slugs were connected in series and tha total power input adjusted to any
desired value by means of a variac and watt meter. A total of 23 chromel-alumel
thermocouplea were located at various points in the slugs and the carrier for
temperature msmaméﬁ?ﬂao A small (3/89%) hole drilled thru the carrier plug was
used for electrical and thermocouple connections. Figure 1 is a cross section of
the carrier showing thermccouple locationms.

For the initial test the powsr was adjusted to 950 watts (50 watts per slug)
and temperature measurements made at regudar intervals of time. The small plugs
around the top and bottom of the carrier were removed to allow air eirculation
thru the ceoling tubes. When squilibrium temperatures were reached, these plugs
were replaced to determine the affect on temperaturs.

After 30 hours of operation the power was increased to 1045 watts (55 watte
per slug) and the test continued for an additional 18 hours.

Testing waa discontinued after 48 houra of continuous operation.
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FIGURE I - CROSS SZCTION OF CARRIER SHOWING THERMOCOUSL: LOCATION‘
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5.0 Regultg
The temperatures and temperature gradients obtained in the carrier fabricated

per drawing Nos. D3994 - D4000 are shown in tables 1 and 2. The slug temperature
given in Table 1 is the maximum obtained of five (5) slugs. The average tempsrature
of the five slugs was 331° F. None of the individual temperatures varied more than
13° F from the average. The maximum slug temperature of 345° F was observed on the
center slug while the minimum slug temperature of 320° F was obtained on a slug
nearest the outer edge of the basket. The values reported are for a total slug
heat evolution of 1045 watts (55 watts per slug). Equilibrium temperatures were
reached after 12 hours of heating. This is in good agreement with a ecalculated
time of 11 hours.

lgble I
Location | Tewperature °F
Calculated Experimental
Outer surface of carrier (ambient air = 86° F) 170 176
Inner surface of carrier | 190 196
Outer surface of slug basket 233 27
Center of slug basket 275 320
Slug 300 345
~Zgble II
lgeation Zegporstyre Gradiepts, °F
Caloulgted Exparimentel
Across air film at carrier surface 84 90
Thru lead carrier 20 20
Across air gap between slug basket and carrier 43 83
From edge to center of slug bagket 42 41
Acrogss air gap between slug and slug baskeb 25 25

#This rise does not necessarily represent the true air gsp gradient since the
thermocouples were not directly in line across the gap.
S



Tenperature measurements were also made at the bottom and top of ths cooling
tubes (thermocouples 10 and 11, Figure 1), With the plugs around top and bottom of
the carrier W. the bottom temperature (ty0) was 125° F and the temperature at
the top (t13) was 15° F (ambient air = 75° F),

During the first part of the carrier heating the plugs around the top and
bottom of the asides ware removed. However, after equilibrium tempsratures were
reached, these plugs were replaced. No appreciable temperature increase in carrier
temperatures was observed with the exception of the air at top and bottom of the
cooling tubes. The air at the bottom increased from 125° F to 142° F while the air
at the top decreased from 154° F to 150° F, B

The results presented in Tsbles 1?5“2 "
satisfactory for use in shipping hot Hanford slugs. The maximum temperature of
345° F 1s well within safe operating limite of the materials involved. Aciually the
experimental temperatures carry a slight additiomal factor of safety since no
allowance was made for slug decay beyond the sight hour period.

ate that the carrier is

6.0 Beferences
(1) Garrier for Hanford Slugs, memorandum from J, A. lane to L. B. Emlet,
ll'ohrmry 13, 1948.




