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INTRODUCTION

Maximum and minimum temperature limits for truck-transported ord-
nance have, in the past, been assigned purely on the basis of meteorol-
ogy. However, it is unreasonable to assume that the ordnance temperatures
change as rapidly or reach temperatures as extreme as the environment.
This is primarily due to the slow response of the ordnance to changes in
air temperature (thermal lag) and the damping effect of the diurnal cycle.

The minimum and maximum ordnance temperatures depend on several ther-
modynamic driving forces. Generally, an item of ordnance will not ex-
hibit the same skin or internal temperature as the surrounding air, and
in most cases, will not reach equilibrium at the same temperature.

Evaluating environmental conditions to determine realistic limita-
tions of ordnance thermal exposure relative to in-Fleet operations is a
continuing program. As part of this, the Environmental Criteria Deter-
mination Section, Code 45330 at the Naval Weapons Center (NWC), China
Lake, California, is developing temperature profiles for truck-transported
ordnance. In order to obtain temperature measurements for development of
these profiles, a standard Navy ordnance truck was loaded with typical
ordnance items and routed through areas known to experience extreme hot
and cold temperatures. This report covers the results of that work.
Also presented is a sample of data from trucks located in particular
areas of interest for continuing measurements.

DISCUSSION

EQUIPMENT AND ORDNANCE LOAD

Since it was stipulated that any measurement of ordnance transporta-
tion should be accomplished using standard Navy equipment and certified
ordnance drivers, a standard ordnance certified 2-1/2 ton van truck
(Fig. 1) was obtained from the Ordnance Division of NWC. The truck was
loaded with a weight-limited load of common items of Naval Ordnance.
Figure 2 shows the inside of the truck with the full load for the cold-
weather run. The load consisted of a pallet of 5-inch Naval projectiles,
a pallet of 105mm Howitzer projectiles, a half pallet of fik 82 500-pound
low drag bombs, a Zuni missile motor, a Sparrow missile motor, and an
ASROC missile motor. All items were blocked aoainst movement per normal
ordnance hauling procedures.
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FIG. 1. Standard Ordnance Van.

FIG. 2. Ordnance Load for Cold-Weather Run.
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r "Inverter

The ordnance van was equipped with a Terado Model 50-191, solid-
state, 275 W, 12 VDC to 110 VAC, 60 cps inverter (Fig. 3). The unit,
mounted under the hood close to the battery, supplied 100 W power to run

L a Minneapolis-Honeywell Model 15 Universal recorder. During overnight
stops on the cold-weather run, the recorder was operated directly from
an extension cord plugged into a 110-volt receptacle. The same inverter
was used for power on cold- and hot-weather runs.

FIG. 3. 12 VDC to 110 VAC Inverter Installation.

Thermocouples

The thermocouples used for sensing functions were standard copper-
constantan, with thermocouple-grade wire from sensor to recorder. A
fiberglass-over-asbestos insulation was chosen so that the combination
of low temperature and vibration would not break the insulation and
allow the wires to short-circuit. The asbestos individually insulated
wires and the fiberglass protected the asbestos; this prevented develop-
ment of false sensing-junctions. Therefore, the sensing junctions for
all reporting thermocouples were known.

3



NWC TP 4822

Thermocouple placements for the cold-weather run are shown in
Fig. 4. Oranance used for the hot-weather measurements was the same
as for cold, with the Sparrow missile motor deleted. Comparison of
cold-weather road measurements indicated that some channels of infor-
mation were redundant. Therefore, thermocouples were located as shown
in Fig. 5 for the hot-weather runs.

Recorder

From the start of the cold-weather run until final return to China
Lake, the recorder was in constant operation measuring air and ordnance
temperatures. Before installation in the van for cold measurement (see
Fig. 2), the recorder was thoroughly checked, winterized, and calibrated
in the NWC instrument shop. This instrument system will not function
properly when soaked to below-zero temperatures without winterization.
Calibration was checked daily by a technician during the cold-weather
run. The recorder was rechecked in the instrument shop at the conclusion
of the measurement secuence. Thus the instrument was known to be accur-
ate within 1/4 of 1% full scale), or less than ± I°F.

The sampling rate of the 24-channel instrument was 30 seconds per
print. Each of the 24 channels was sampled every 12 minutes during
each 24-hour day of the cold-weather run.

For the hot-weather runs, the recorder was thoroughly checked and
calibrated in the instrument shop to insure accuracy before installa-
tion in the van. The recorder was also checked thoroughly while opera-
ting on truck (inverter) power to insure against stray voltage inter-
ference. Calibration was checked before departure each day. It is
known, therefore, that the recorder was within specification tolerance.

The sampling rate, because channels were deleted from the matrix,
was 30 seconds per print for 12 channels. Each channel was sampled
once every 6 minutes continually during each daily run.

MEASUREP1ENT-SEQUENCE ROUTING

Cold-Weather Run

The cold-weather, moving vehicle situation was explored during
winter, 1969--the most extreme winter weather in western United States
since 1952, and for some aspects, since 1937. Winter temperature ex-
tremes were sought out, on a planned 4,000-mile route through regions
known to experience severely low temperatures. The course was deli-
berately altered enroute (within planned limits) to expose the ordnance-
loaded van to representative frigid or stormy weather. Temperatures
were continuously recorded as the var was driven through storms along
the general routing.

4 I
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The measurement sequence for the cold-weather run was conducted
over the route shown in Fig. 6. The ordnance driver and a technician
started out on 30 January 1969 into a storm front that covered a large
area. The route was generally north from China Lake throuqh Oregon,
Washington and northern Idaho. Hcwever, because foul weather was re-
ported in Canada following departure, necessary arrangements were quickly
made to cross the international boundary. The truck was driven through
provinces of Canada, and the states of Montana, Wyoming, Colorado, Utah,
Nevada, and Arizona before returning to California. Specifically the
route was as follows:

US 395 from China Lake, through Oregon to Spokane, Washington

US 195 through Idaho to the US-Canadian border

British Columbia Route 93 through Kootenay National Park, Banff
National Park and Jasper National Park to British Columbia
Route 16

British Columbia Route 16 to Edmonton, Alberta

Alberta Route 2 to the US-Canadian border

US 89 To Great Falls, Montana

US 10 to US 283 at the edge of Yellowstone National Park (Yellow-
stone not entered because roads were impassable)

US 20 into Idaho

US 32 and 33 to US 26

US 26 through Grand Teton National Park to US 287

US 287 to Loveland, Colorado

US 34 and Colorado Route 7 into Rocky Mountain National Park, over
Berthoud Pass to US 40

US 40 through Fraser, Colorado to Interstate 15

Interstate 15 through Utah, Arizona, and Nevada into California
to US 58

US 58 and 395 to China Lake, on 13 February 1969.

Quiescent state measurements were also recorded durino the cold-
weather run. Periodic overnight stops permitted collection of valid
data. The following overnight stops were made:

7
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30 Otnuary - Marleeville, at the California-Nevada border on
US 395

31 January - Lakeview, Oregon, on US 395

1 February - Pilot Rock, Oregon, on US 395

2 February - Newport, at the Washington-Idaho border, on US 195

3 February - Cranbrook on Alberta Route 93

4 February - Bow Pass, (at 6,785 feet elevation) on Alberta
Route 93

5 February - Edson, on Alberta Route 16

6 February - Fort Macleod, on Alberta Route 2

7 February - Helena, Montana, on US 91

8 February - Ashton, Idaho, on US 20

9 February - Rawlings, Wyoming, on US 287

10 February - Fraser, Colorado, on US 40

11 February - Provo, Utah, on US 91

12 February - Las Vegas, Nevada, on Interstate 15

This route covered some of the most ruaged, severe-winter terrain
to be expected anywhere in the world. Weather more severe, or roads
not as well-kept, would have halted truck operation.

Hot-Weather Runs

The hot-weather, moving vehicle situation was measured during
summer, 1969, using the same equipment. The basis for the measurement
sequence was slightly different. NWC is located near Death Valley which
holds second place for record world temperature (134 0F--only 2 degrees
cooler than the highest recorded in Africa). When a representative
hot-spell developed, an ordnance van was dispatched from the Center
through Death Valley to record the effect of moving vehicle temperatures
on the ordnance.

The measurement sequence was planned for one of two predetermined
routes (Fig. 7). The essential part of the route was through Death
Valley, with particular interest in the area of Bad Water (282 feet be-
low sea level).

9
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The first run through Death Valley was planned to (1) establish
the time needed to reach the Bad Water destination, (2) sense problems
needing solution before subsequent trips, and (3) determine the better
route for the best measurement sequence. Both routes lay well within
the bound'•es of the Mohave Desert. (The U. S. Army at the Yuma Prov-
ing Grý_in," uses the Death Valley area as its ultimate test of equip-
ment re !)W4lity in Test and Evaluation Command (TECOM) road trials.)

A crew of driver and technician departed China Lake on 7 August
1969 for the first of five runs in this sequence. The route covered
420 miles lying completely within the State of California, south on
US 395 to US 58, US 58 east to Interstate 15, Interstate 15 east to
Baker, Route 127 north to Death Valley Junction, Route 190 west across
the valley floor, then south on Route 178 through the Searles Valley to
China Lake.

One truck breakdown and one electronic equipment failure were dir-
ectly attributed to the excessive heat. The area of prime interest
was not reached until late in the day because of the terrain and the
distance. After the first trip and serious evaluation of the routing,
the alternate route was selected for remaining runs of the measurement
sequence.

The alternate route was planned east and north on Route 178 from
China Lake, through Death Valley to Furnace Creek and Bad Water. Turn-
ing south, the planned route followed the Amargosa Dry River bed to the
southern tip of Death Valley, 45 miles below Furnace Creek. From this
point, the route was retraced to China Lake. The planned route proved
to be valuable for collection of extreme data, but extremely grueling
on men and equipment. On the last day of the hot-weather runs, there
were numerous breakdowns of the truck and a second failure of the in-
verter. While repair crews were on hand each night to repair and check
out equipment for the next daily run, it seems obvious that equipment
was being operated beyond limitation.

The single exception to normal loading and hauling specifications
was the installation of refrigeration air conditionina in the cab of
the truck for hot-weather runs. The Death Valley National Park Rangers
were notified of impending runs because of the.severely hot conditions
in Death Valley during the summer and the near-total absence of high-
way traffic, especially in the area of Bad Water. The Rangers gave
full cooperation, requesting only that they be notified on arrival and
departure each day.

RESULTS

COLD-WEATHER RUN

A trip log for the cold-weather run is presented in Appendix A.
The measured data are presented in Fig. 8 through 10, and Table 2 of
Appendix B.
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FIG. 8. Cold-Weather Run Temperature Profiles - 105 and 120mm Projectiles.
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HAN ROCKIES ALBERTA MONTANA IDAHO WYOMING (WEST) COLORADO
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3. 9. Cold-Weather Run Temperature Profiles - Mk 82 Bomb and Zuni Rocket Motor.
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FIG. 10. Cold-Weather Run Temperature Profiles - Sparrow and ASROC Rocket Motors.
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Data from the cold-weather, moving-vehicle run are complete in that
continuous information is recorded for each ordnance item from departure
at China Lake until return 15 days later. Only two short interruptions

Sin the data developed--power interruption (30-31 January, 1930-0600 and
3 February, 1100-1700).

Ordnance items were chosen for this investigation by volume and
weight characteristics rather than by type of weapon.

An interesting correlation exists between the size of ordnance and
thermal lag, the thermal lag being a direct function of ordnance mass.
Considerable difference can be noted between outside air temperature
and that measured inside ordnance itenr (Fig. 8 through 10). The van
offers considerable protection to ordnance during transport. The heat
generated by moving parts of the truck, nd the conduction of heat from
one component to another can be factors affecting lag time. The engine,
transmission, wheels, axles, and even the heater in the cab may be minor
sources of heat which could affect the ordnance.

The temperature profile for truck-transported ordnance is also af-
fected by the changing environment of the moving truck. Driving in the
mountains can be actually warmer than driving in a flat, open area.
This condition developed as the crew and truck moved from the Canadian
Rockies onto the flat plain near Edmonton, Alberta. Nearly all temper-
ature extremes were recorded as the van passed through particularly coldor warm areas. Temperatures during quiescent periods (1800-0600) were

fairly stable, especially during a heavy snowfall.

The meteorological data for the days encompassing the cold-weather
run are given in Appendix C.

What effect do these factors have on a piece of ordnance? Most con-
ditions dampen the response of ordnance to temperature extremes: note
how the outside air temperature profile crosses that of an ordnance item.
Highs and lows of air temperature form an envelope, within which lie
high and low ordnance temperatures. One could say that overall ordnance
temperature is almost an average of overall extremes of air temperature.

HOT-WEATHER RUNS

A trip log for the hot-weather runs is given in Appendix A. Re-
sults obtained from the hot-weather runs are given in Fig. 11 through
15, and Tables 3 through 7 of Appendix B. Even though a standard ord-
nance van was used, the measurement sequence was too severe for the
machine. Events during the runs illustrate a history of malfunctioning
equipment when continuously operated in the intense and continuous heat.

19
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FIG. 11. First Day Hot-Weather Run.
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Comparison of data obtained in the measurement sequence of 7-13
August 1969 indicates that thermal lag due to ordnance mass is appre-
ciable. Outside air temperatures peak between 120 and 130'F and all
ordnance temperatures lie between the maximum and minimum values on
these response curves (Fig. 11 through 15). It is evident that each
ordnance unit has a unique thermal time constant, and consequently, a
different lag characteristic. However, comparison of onset temperatures
of the ordnance and of outside air indicates larger units are less active
thermally. For example, the larger ASROC missile motor exhibits a higher
nighttime temperature, but does not seem to respond to thermal driving
force (van air temperature) as rapidly as does the Zuni missile motor.
Zuni temperature appears to reach equilibrium with van air temperature
at night.

The peculiarities of thermal lag can be observed in the complete set
of data in Tables 3 through 7 of Appendix B. An extra variable is pre-
sented by the truck in movement; therefore, outside air temperature is
not a constant, predictably changing variable.

ANALYSIS

To obtain a fairly accurate insight into the probabilities of occur-
rence of high, or low temperatures to be experienced by truck transported
ordnance, it is necessary to idealize the many parameters. This has been
attempted by the authors in analyzing the truck situation. Briefly, the
results of the analysis are as follows:

1. If the extreme situation is to be measured, the truck must be
spotted permanently in the area of interest. Appendix D (Fig. 22, 23,
and 24) contains a sample of data from three areas of interest where
trucks are presently spotted. Even though these figures give only data
samples that are by no means conclusive, they do give an indication of
temperature profiles. A comparison of Fig. 8 and 23 shows that while
the truck was moving through the Bridgeport area on 30 January a mini-
mum ordnance temperature of 23°F was measured, whereas a minimum ord-
nance temperature of 20OF was measured in the truck spotted at the
Bridgeport measurement site. A comparison of the temperature measure-
ments on a Zuni motor (Fig. 12 and 22) on 8 August shows that while
the truck was moving through the Death Valley area, an ambient air tem-
perature of 128°F and an ordnance temperature of 116 0F was recorded;
at the NWC measurement site, where temperature conditions very similar
to Death Valley are experienced, an ambient air temperature of 112'F
and an ordnance temperature of lll°F was measured. This indicates a
much higher temperature differential between ordnance and ambient air
temperatures under moving-vehicle conditions.
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2. During hot weather, if the truck is moving, it is cooled by its
passage through air. The difference between radiation induced temper-
ature change and convection induced temperature change is considerable.

3. In cold weather, heat from the truck tends to modify the lower
temperature extremes.

4. The change in meteorology with change of road elevation and
surrounding terrain for a moving truck complicates the correlation of
data between measured ordnance responses and measured meteorology,

Since some of the above problems were anticipated previous to this
measurement series, measurement sites have been established in five
different climates: hot desert, cold sierra, marine influenced arctic,
inland arctic, and tropical. The plan is to leave van trucks, loaded
with ordnance, spotted at these sites until sufficient statistical in-
formation is obtained. In this way, the statistical implications for
a given thermal profile can be evaluated. Although the data presented
in Appendix D are limited, they are included in this report because
they do not exist in print elsewhere.

CONCLUSIONS

This measurement series has shown that no piece of ordnance will
be subjected to the extreme temperatures of the surrounding environment
while being transported by truck. During the cold-weather run, the
lowest outside air temperature measured was -20°F; however, the lowest
ordnance temperature measured was -3*F. During the hot-weather runs,
the highest outside air temperature measured was 128°F; however, the
highest ordnance temperature measured was 116'F.

An analysis of the data obtained from the measurement series in-
dicates the following:

1. The quiescent state seems to be most conducive to temperature
extremes.

2. Truck transported ordnance is cooled in hot weather by con-
vection.

3. rieteorological conditions any more severe than those reported
would seriously impair the military effectiveness of equipment.

4. The temperature profiles presented are considered typical of
extreme truck transport conditions.
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"Appendix A

TRIP LOG

COLD-WEATHER RUN

A summary of trip conditions during the cold-weather run is given
in Table 1.

The first day out, 30 January 1969, was clear, but only 264 miles
;were covered due to the mountainous country. The first storm front was
not reached until the following day. During the night of 30-31 January,
power for the 110 VAC extension to the recording system was inadver-
tently cut off. This accounts for the loss of data during this period.

Note a -2 0 F temperature recorded on January 31 (Appendix B). It
was recorded while traveling down a long valley (5,800 feet elevation)
surrounded by mountains. This sharp reduction of valley temperature
in contrast to high mountain temperature graphically shows that the
cold air is locked in the valley by the mountains. Snow started to
fall shortly after, reducing visibility to 100 yards or less. During
the stop at ni-ght, the truck was covered with 8 inches of snow. The
snow created poor driving conditions on 1 February. Visibility remained
at 100 yards or less, with snow at a depth of 3 to 5 feet.

Travelina in northern Oregon on 2 February, the wind rose to 30
knots, creating poor visibility from the blizzard-like conditions.
Drifting snow covered the highway. At this point, the truck bagged
down, and the crew had to sit for 2 hours before being towed free.

The next day (3 February) brought little relief. It snowed heavily;
the snow level varied from 5 to 8 feet, with drifts 10 feet deep. The
crew followed snowplows all of this day, for very slow going. Only
152 miles were covered in 9 hours of driving. The rhythmic bouncing of
snowplows chopped chunks of ice from the surface, about 4 feet apart
and from 3 to 5 inches deep. The ordnance van bounced along under such
conditions for approximately 100 miles. At one time, bouncing was so
severe that a pallet of three 500-pound bombs jumped 2 feet off the van
floor, and broke a hole in the inside rear door panel. The bouncing
also caused a malfunction of the recorder and consequent loss of data
during this period. Ingenuity of the crew permitted quick repair of
the damage. The United States-Canadian border was reached this day,
where local reports established that a severe storm was over the
Canadian Rockies. After making necessary arrangement- with officials
at Vancover, British Columbia, the truck and crew were permitted to
cross into Canada.
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TABLE 1. Trip Conditions During Cold-Weather Run.r

a b Drivinoc d Maximum Minimum
Date Start Road time, Hours air air Weather conditions Miles

time conditions hr stopped temp., temp., traveled
°F 'F

1-30-69 0710 Fair 9 15 28 17 Clear 264

1-31-69 0755 Fair 9 15 40 -2 Snowing 338

2-1-69 0700 Poor 11 13 32 18 Snowing 339

2-2-69 0800 Poor & hazardous 8 16 38 24 Snowing, drifts on 280
highway (truck stuck
2 hours in drift)

2-3-69 0715 Poor 9 15 36 28 Snowing hard, followed 152
snowplows, road very
rough

2-4-69 0720 Extremely poor 8 16 33 17 Snowing very hard. 255
& hazardous visibility near zero.

followed snowplows

2-5-69 0825 Extremely poor 7 17 25 5 Snowing very hard. 233
& hazardous poor visibility.

avalanche covered
highway, snowplows
not able to keep
highway clear

2-6-69 0620 Extremely poor 12 12 8 -20 Ice fog, everything 437
& hazardous covered with ice

2-7-69 0700 Extremely poor 11 13 40 -12 Blowing snow, poor 341
S hazardous visibility, wind

velocity about
50 knots

2-8-69 0700 Extremely poor 9 15 38 4 Snowing hard, drift- 280
& hazardous ing snow

2-9-69 0720 Poor & hazardous 11 13 51 14 Clear, roads iced 375

over

2-10-69 0700 Good 10 14 45 4 Clear 350

2-11-69 0630 Good 12 12 49 -6 Clear 430

2-12-69 0645 Good 10 14 62 37 Clear 407

2-13-69 0700 Good 7 End of 56 50 Clear 201
run

aDeparture time of truck each morning.
bGood - very little to no ice on highway, traffic moving normal.

Fair - Ice on highway, traffic moving well.
Pcor - ice and snow on highway, traffic moving slowly.
Poor & hazardous - ice and snow on highway with poor visibility due to falling or blowing snow.
Extremely poor & hazardous - very poor visibility, snowplow not able to keep roads clear, traffic almost

at a standstill.
CActual hours truck was moving.
dIncludes total time truck stopped (meals. coffee, and rest).
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V On 4 February, the ordnance van started into the Canadian Rockies.
This was the first year that the Canadian Highway Department attempted
to keep this highway into the Rocky Mountains clear. Visibility was
near-zero at times, with the snow level between 4 and 9 feet. The crew
traveled behind snowplows most of the day, and spent the night in a
mountain lodge near Bow Lake. It snowed heavily during the night.

On the morning of 5 Feburary, the truck was almost completely
covered with snow. The crew had to wait for snowplows to clear the way
before they were able to move out. The elevation at this point was
7,000 feet. An avalanche covered the highway--the road was closed until
this was cleared. Visibility was near-zero, under "white-out" condi-
tions. There were more delays during the day's run, waiting for plows
to clear away snow. Ice, which had been building on the back of the van
since 31 January, was found to be 8-inches thick on 5 February.

The crew was out of the Rockies and heading over very flat land
toward Edmonton, Alberta, on 6 February. The snow had stopped falling,
but the temperature began to drop. At 2,500 feet elevation, -20'F was
recorded. During this very cold interval, the crew ran into ice-fog.
Visibility was very poor. Ice formed on all of the ordnance inside the
van, a condition that lasted for about 4 hours.

"The morning of 7 February offered little relief from the cold.
Excepting a short interval on 6 February, the temperature remained be-
low zero for 26 hours. The crew at this time was traveling over flat
land, about 75 miles east of the Canadian Rockies (south on Alberta
Route 2). During the day, the wind velocities rose to 50 knots and
snow drifted 15 feet deep. Blowing snow reduced visibility to nearly
zero. The following day, 8 February, while traveling along open Montana
ranges, the crew again encountered drifting snow and high winds. When
they reached Yellowstone National Park, the snow level was 6 to 10 feet.
Teton Pass, at 8,400 feet elevation, was crosseu on 9 February. It had
been closed the previous day due to heavy snow.

* On 10 February, the crew traveled south along the eastern edge of
Rocky Mountain National Park. They went over Berthoud Pass (11,300
feet) and spent the night in Fraser, Colorado. Fraser, lying in a sump
in the valley floor and surrounded by mountains, was noted to be 10 de-
grees colder than any place within 5 miles. The remainder of the trip
to China Lake was without incident.

HOT-WEATHER RUNS

First day (7 August) - loss of fan belt and all air conditioning
for the driver and technician. The men consumed, without discomfort,
10 gallons of liquid which was apparently dissipated as perspiration.
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The inverter overheated late in the run, on the return to China Lake.
However, this occurred in the Panamint Valley and the Death Valley data
were not jeopardized by this loss of power.

Second day (8 August) - following all night maintenance and in-
spection of the truck and equipment, the second run was attempted. This
run went smoothly until leaving Death Valley on the return trip, when
the air conditioning belts again failed. Another night of maintenance
and repair was required.

Third day (9 August) - the third run was attempted, but the run
ended in equipment breakdown. As the van entered Death Valley, the
vibration dampener dropped off. This unit runs all auxiliary power
units, such as the alternator, the coolant pump, and cab air condition-
ing. After reaching one of the few telephones in Death Valley, the
crew was instructed to keep inverter and recorder running until the
battery failed. Data for 9 August indicate that the battery lasted
until just after 1900 hours. A standard heavy-duty wrecker, modified
for hot-weather use, was dispatched from China Lake to retrieve the ord-
nance van. Heat forced a number of stops in the Death Valley region.
On return to NWC at 0130 on 10 August, the van was again subjected to
repair and inspection. Necessary parts to replace a failing clutch were
not on hand. This caused a 2-day break in the temperature measurement
sequence.

Fourth day (12 August) - the fourth run of the measurement sequence
started well, and lasted for about 2 hours. Then the alternator, volt-
age regulator, and battery went up in smoke. Using spare, heavy-duty
batteries delivered by truck from China Lake, the run was completed on
battery power, without benefit of cab air conditioning. Another all-night repair cycle was required.

Fifth day (13 Auqust) - the fifth (and last) run was the most suc-
cessful of the series. The maintenance check which followed during the
night, however, revealed that the truck required major overhaul before
further runs could be attempted.
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Appendix B

TOTAL DATA LOG FOR MEASUREMENT SERIES

This appendix provides a complete log of all data taken during the
hot- and cold-weather runs.

COLD-WEATHER DATA

The numbers 1 through 24 refer to the thermocouple locations as
shown in Fig. 4. The numbers 0100 through 2400 refer to the hour of
the day in military time. As can be seen by the amount of continuous
data, this program was highly successful. Usually in a program of this
type about half the data is lost due to power outages, broken thermo-
couples, instrument malfunction and the like. A glance at Tablc 2 in-
dicates two power outages: (1) when the motel manager unplugged the
extension cord the first night on the road, and (2) the recorder mal-
function on 3 February 1969.

HOT-WEATHER DATA

The numbers I through 12 refer to the thermocouple locations asshown in Fig. 5. Although these data are not as complete as the cold-

weather data, they are adequate to allow the reader to obtain a firm
feel for the severity of thermal exposure experienced by the ordnance.
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Appendix C

METEOROLOGY OF INTEREST

It is always 6f interest, and in cases of reconstruction mandatory,
to provide meteorological data with measured environmental information.
As can be readily seen, the job of providing a complete set of weather
data for a moving vehicle is a monumental task. Therefore, the next
best thing is herein presented. The information in Fig. 16 through 20
were reprinted from the daily heather summary of the Los Angeles Times.
They are covered by copyright, 1969, by the Los Angeles Times, and are
herein reprinted by written permission (Fig. 21).

It can be seen by a quick look at Fig. 16 through 20 that the
states of interest were involved with seasonal storms and storm fronts
during the time of interest.

The air temperatures of interest, though not taken under approved
U. S. Weather Bureau procedures nor conditions can be found in Appendix
A, thermocouple Number 9. If a more complete reconstruction of meteor-
ology is required, it can be obtained from official U. S. Weather Bureau
records at the National Weather Records Center, Asheville, North Carolina.

The maps of Fig. 16 through 20 do not include any information for
the Canadian portion of the trip. This information was not available
to the author at time of publication. Therefore, the only information
covering the meteorology of this portion of the trip is the record of
thermocouple Number 9 of Appendix A. The general weather patterns can
be approximated by a study of the weather patterns shown on the maps for
the states below the provinces during the time of interest.
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los Angeles mes
TIMES MIRROR SOUARE

EDWARD J. REAP
DIRCCTON OF PROMOTION AND PUBLIC RELATIONS

March 18, 1969

Mr. Howard Schafer
Head
Environmental Criteria

Determination Section
Code 45330
Naval Weapons Center
China Lake, California 93555

Dear Mr. Schafer:

Thank you for your request to reprint the weather maps
from the January 30 to February 28, Los Angeles Times.

We have no objection to your reprinting the maps in the
manner described. Please include the credit line, "Copy-
right, 1969, by the Los Angeles Times. Reprinted by
permission."

Sincere,

"OfA. A
E /rd J. Rea

EJR: j s

FIG. 21.
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Appendix D

QUIESCENT TEMPERATURE MEASUREMENTS

HOT-WEATHER MEASUREMENTS

The hot-weather measurement site is located at NWC, China Lake.
The truck is loaded similarly to that shown in Fig. 2. The ordnance
load for moving-vehicle temperature profiles was patterned on loads
for the static profiles being measured at NWC. Figure 22 is repre-
sentative of quiescent-state temperatures measured. The vertical lines
are the daily minimum and maximum ordnance temperatures, and the solid
line the maximum air temperatures. These reduced data typically reflect
measurement in progress since 1966 and still continuing. In a general
sense, summer temperatures for 1969 are typical for an extreme desert
situation. Maximum ordnance temperatures are only +114°F, and a week
is required to build to this value. If the daily variation of ordnance
temperature can be approximated by a half sine-wave, ordnance temper-
atures will remain below 100F for a majority of the time during a
summer, even in a desert location.

COLD-WEATHER MEASUREMENTS

Cold-Weather - Cold Sierra

The U. S. Armed Forces have, in the past, used the majority of
their trucks between 60' north latitude and 60' south latitude. An
environmental criteria measuring site was established at the Marine
Corps Mountain Warfare Training Center, Bridgeport, California, to in-
vestigate temperature response to cold at approximately 8,000 feet
elevation. A truck load of ordnance has been there continually since
1965. Located in a valley, this measurement site is ringed by mountains
12,000 feet high. The valley acts as a sump for cold air coming off
the mountains--valley air temperatures during the winter of -5 to -15°F
are not unique. Yet the ordnance is relatively warm. The thermal re-
sponse of 5-inch diameter projectiles inside the van truck as compared
to outside air temperature is shown in Fig. 23. The vertical lines
represent the daily maximum and minimum ordnance temperatures and the
solid line the minimum air temperatures. During winter, 1968-69, the
lowest ordnance temperature measured was -6°F. This was from a round
in a corner of the van most shielded from sun radiation, which should
be the coldest. Actually, each round indicated about the same low
temperature during a cold spell.

Note also that the mean temperature of rounds is quite high. There
is a reason for this. Here, when a cold spell develops, it is accom-
panied by a large snow storm, because the cold air gives up its moisture.
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The valley, although 15 miles wide, is filled with snow which drifts up
to, and sometimes over the truck. Snow is a good heat insulator and
retards loss of heat from ordnance. (Dump-stored ordnance at this same
site is completely covered with snow; this same insulation effect can
be observed.)

Cold-Weather Marine-Influenced Arctic

In 1967, NWC established an environmental criteria measurement site
in Alaska at Fort Richardson (Anchorage). Meteorology for Anchorage can
be easily obtained from the National Weather Records Center, Asheville,
North Carolina. The specimen response records presented here, Fig. 24,
are from data on a Zuni 5-inch diameter rocket in a truck at Fort
Richardson. The vertical lines represent the daily maximum and minimum
ordnance temperatures and the solid line the minimum air temperatures.
The low temperatures of this rocket compare (within I*F) with those of
120mm AA projectiles. The temperature response plot for the winter of
1967-68 has the shape of the letter "W" characteristic of this part of
the world. However, the two cusps of the curve are not predictable--
as a result, integration of many year's records shows a smooth curve
instead of a double cusp. The maximum temperature of one day may be
the minimum temperature of the day following. The condition indicates
that the diurnal cycle is superceded by the "storm cycle" during a cold
spell. Ordnance items, being thermal integrators, tend to accent the
effect of the overall driving cycle at the expense of the diurnal cycle.

64



NWC TP 4822

0,c

i.0.

____in I

o

0

uj 4- L

I. iz.4-o

041'

cc 4-)

0 0cl

65



NWC TP 4822

INITIAL DISTRIBUTION

33 Naval Air Systems Command
AIR-03 (1) AIR-520A (1) AIR-53663 (1)
AIR-03B (1) AIR-5201 (1) AIR-53664 (1)
AIR-03C (1) AIR-5205 (2) AIR-53665 (1)
AIR-330 (3) AIR-52021 (1) AIR-604 (2)
AIR-350 (1) AIR-532 (1)
AIR-350F (1) AIR-5324 (1)
AIR-370E (1) AIR-53232 (1)
AIR-404 (1) AIR-53233D (1)
AIR-5042 (1) AIR-536 (1)
AIR-510C (1) AIR-5361 (1)
AIR-5108 (1) AIR-5366 (2)
AIR-5109 (1) AIR-53662 (1)

1 Chief of Naval Operations (Technical Library)
1 Chief of Naval Material (MAT-0325)
3 Naval Electronic Systems Command

ELEX-043 (1)
ELEX-051 (1)
ELEX-05232 (1)

1 Naval Facilities Engineering Command
16 Naval Ordnance Systems Command

ORD-03B (1) ORD-084 (1)
ORD-033 (1) ORD-0841 (1)
ORD-0331 (1) ORD-622D (1)
ORD-0521 (1) ORD-9132 (2)
ORD-0522A (1) ORD-932 (1)
ORD-05413, Raybun (1) ORD-933 (1)
ORD-08 (1) ORD-9333 (1)
ORD-083 (1)

1 Naval Ship Systems Command (SHIP-052, Ward)
2 Office of Naval Research

Dr. Ralph Roberts (1)Technical Library (1)
9 Naval Air Engineering Center, Philadelphia (WESO)

A. Borowski (1)
A. Gilies (I)
C. Osmanski (1)
G. Walker (1)
H. Hurd (1)
H. Ott (1)
J. Sweeny (1)
Technical Library (2)

3 Naval Air Test Center, Patuxent River
Daniel Watters (1)
Service Test Division, S. 0. Preston (1)
lechnical Library (1)

66



NWC TP 4822

8 Naval Ammunition Depot, Crane
Commanding Officer (I)
Code QETE, Lynch (1)
Code QETE, Pettebone (1)
Code RD (1)
C. Austin (1)
R. F. Karcher (2)
Technical Library (1)

3 Naval Atm,'inition Depot, Earle
Commanding Officer (1)
Code NJd"', C. P. Troutman (1)
Technical Library (1)

6 Naval Ammunition Depot, Hawthorne
Commanding Officer (1)
Technical Director (1)
Bill Glenzer (3)
Technical Library (1)

3 Naval Ammunition Depot, Oahu
Commanding Officer (1)
P. Mathews (1)
Technical Library (1)

4 Naval Magazine, Subic Bay
Commanding Officer (1)
Executive Officer (1)
M&T Officer (1)
Ordnance Officer (1)

8 Naval Missile Center, Point Mugu
Code N31 (1)
Code N314, C. V. Ryden (I)
Code N3153, R. W. Villars (1)
E. P. Olsen (1)
F. J. Brennan (1)
R. Peterson (1)
Tinklepaugh (1)
Technical Library (1)

4 Naval Ordnance Facilities
Commanding Officer (l each)
Ordnance Officer (1 each)
Sasebo, Yokosuka

5 Naval Ordnance Laboratory, White Oak
Technical Director (1)
H. Sherner (1)
Code TX

J. Gott (1)
C. Vickers (1)

Technical Library (1)
3 Naval Ordnance Missile Test Facility, White Sands Missile Range

Commanding Officer (1)
Ordnance Officer (1)
Technical Library (1)

67



NWC TP 4822

13 Naval Ordnance Station, Indian Head
Commanding Officer (1)
Ordnance Officer (1)
Code DT (1)
Code TE (1)
Code TF

Portner (1)
J. Williams (2)

Code TFE (1)
Code TFE-20 (1)
Code TFO-1O (1)
Code TFS-1O (1)
Technical Library (2)

12 Naval Undersea Research and Development Center, San Diego
Code 02 (1)
Code P05 (1)
Code 133 (1)
Code 14 (1)
Code 15 (1)
Code H20 (1)
Code P30 (1)
Code P35 (1)
Code P40 (1)
Code P45 (1)
Code D50 (1)
Code D55 (1)

2 Naval Underwater Weapons Research and Engineering Station, Newport
W. Anacko (1)
Technical Library (1)

1 Naval Weapons Evaluation Facility, Kirtland Air Force Base
(APN-4, G. V. Binns)

13 Naval Weapons Laboratory, Dahlgren
Technical Director (1) Code WXR (1)
Cdr. Byren (1) Code WXS (1)
Code D (1) Code WXT (1)
Code T (1) Code WXV (1)
Code TEE (1) Technical Library (1)
Code WXA, G. E. Allison (1)
Code WXA, S. H. McElroy (1)
Code WXO (1)

6 Naval Weapons Stations
Coninanding Officer (I each)
Technical Library (I each)
Charleston, Concord, Yorkto.

5 Naval Weapons Station, Seal bLuch
QE Department (1)
Code QESX (1)
Code QESX-3 (1)
T. B. Linton (1)
Technical Library (1)

68



NWC TP 4822

4 Office Chief of Research and Development
Col. J. A. Quinnelly (i)
Environmental Sciences Division (1)
Special Warfare Division (1)
Technical Library (1)

1 Alaska Support Command, Fort Richardson (Logistics Control Center,
"Ammunition Division)

7 Army Materiel Conmmand
AMCRD (1)
AMCRD-DM (1 1
AMCRD-DS-S 1)
AMCRD-DW (1)
AMCRD-TV (Navarin) (2)
Technical Library (1)

13 Aberdeen Proving Ground
Technical Director (1)SJohn Farolli (1)
AMSTE-BAF (1)
AMSTE-BC (1)
AIISTE-GE (1)
AMSTE-SA (1)
AMSTE-TA (1)
AMSTE-TAE (1)
AMSTE-CfAI (1)
STEAP-DS (3)
Technical Library (1)

5 Army Natick Laboratories,
AMXRE Trublood (1)
AMXRE H. McPhiliny (1)
AMXRE-E Dr. Brierly (2)
Technical Library (1)

2 Army Tropic Test Center, Fort Clayton
F. Mendez (1)
Technical Library (1)

9 Frankford Arsenal
Technical Director (1)
S!IUFA-J6200 (I)
SMUFA-Q3000 (1)
C. Shindler (1)
D. Askin (2)
11. D. McDonald (1)
M. Sigismund (1)
Technical Library (1)

5 Harry Diamond Laboratories
Technical Director (1)
AMXDO-ED (1)
J. H. Campagna (1)
R. Hoff (1)
Technical Library (1)

69



NWC TP 4822 T
7 Picatinny Arsenal

SHUPA, A. Dorfman (1)
SMUPA-DD (1)
SrIUPA-ND (1)
SfIUPA-DF4 (1)
Sr¶UPA-DT5 (1)
AMSr.IU-QA (1)
Technical Library (1)

7 Yuma Proving Grounds
W. Brooks (2)
W. C. Christoper (1)
Harold Forestner (1)
Leo Pendelton (1)
Safety Office (1)
Technical Library (1)

3 Headquarters, U.S. Air Force
AFRDC (1)
AFRDDG, A. Eaffy (1)
AFRST, Col. Holdener (1)

2 Air Force Cambridge Research Laboratories, Laurence G. Hanscom Field
(AFCRL, Crew)

3 Air Force Environmental Technical Center
Technical Director (1)
0. E. Richards (1)
Technical Library (1)

3 Air Force Rocket Propulsion Laboratory, Edwards
RPI.IC-SPAr.jrJ (1)
RPtIMA, Meyers (1)
Technical Library (1)

7 Armament Development & Test Center, Eglin Air Force Base
Technical Director (1)
R. Hostetler (1)
R. Green (1)
ADTTW-21 (1)
AFATL (1)
PGOWC (1)
Technical Library (1)

5 Hill Air Force Base
AFLC-OONSSA (1)
OOAr1A-OOYEC, Richman (2)
OOAIIA-OOYIT, Rich (1)
Technical Library (1)

9 Wright-Patterson Air Force Base
Head, Research & Technology Division (1)
Director, Flight Dynamics Laboratory (1)
AFFDL, V. Mangold (1)
ASB(SRN) (1)
ASN-r4C-I0 (1)
ASZTrM, Pember (1)
FDFE, I1agrath (1)
William Savage (1)
Technical Library (1)

70

A~.



Naval Weapons Center 2,.UNCLASSIFIEDI O C.IG:.A 111. AC• wT;V (Corporate auThor) Ua, m;'lt src. n S•• 'Y CLASS:rleA .1tOr

China Lake, California 93555 . .....

TEMPERATURE PROFILES OF TRUCK TRANSPORTED ORDNANCE

4 OESCRIPTIVE NOTES (T7yope ofrpofI end inclusve dates)

5 AU T.ORISI (First n.m.. middl. Initial, fast ..am.

Billy D. Martin and Howard Schafer

- REPORT OATE 70, TOTAL NO. OF PAGES 17b. NO OF REFS

June 1970 70
I. CONTRACT OR GRANT NO *a, ORICINATOR' REPORT NUMBER13)

b. PROjECT O NWC TP 4822

NAVAIR 0330/216/F 19.332.301
C. 9b. OTHE[5R REPORT NOASI (Any OtheT uImb*t4 that may be 000I14ed

this reporl)

d.

10 OISTRIBUTION STATEMENT

THIS DOCUMENT IS SUBJECT TO SPECIAL EXPORT CONTROLS AND EACH TRANSMITTAL TO FOREIGN
GOVERNMENTS OR FOREIGN NATIONALS MAY BE MADE ONLY WITH PRIOR APPROVAL MfF THE NAVAL
WEAPONS CENTER.

11 SUPPLEMENTARY NOTES T12 SPONSORING MILITARY ACTIVITY

Naval Air Systems Command
I Naval Material Command
I. Washington, D. C. 20360

13 ABSTRACT

Temperatures experienced by truck transported ordnance
during severe hot and cold weather conditions have been
measured. The measurement methods and data are documented.-

AThe temperature profiles of typical ordnance items are
plotted and show that the ordnance items do not experience
the extreme measured ambient air temperatures..

DD NOV65 1473 (P AG 1) UNCLASSIFIED
SIN OI I-807-6801 Securit% CIdssificati on



UNCLASSIFIED

""%AO *T NO L. WT ROt. 9 V T

Temperature measurements

Truck transported ordnance

Envi ronmental criteria determination

D D * 14 73 (BACK) UNCLASSIFIED
(PAGE 2) Secuity Classifticaion


