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SUP4IARY

In response to interest shown in the use of IR imaging for
energy conservation purposes , a preliminary thermographic survey was
made of various Picatinny Arsenal buildings and facilities during
the win ter of 1976. The thermograms display qua litative information
and demonstrate the categories of observable phenomena when employ-
ing this technique . The basic principles of IR thermography are
discussed and the major pi t fal ls  of “qualitative” thermography are
pointed out . Prior to relating IR imagery to actual heat losses , it
is necessary to determine actual surface temperatures in contrast to
radiometric temperature. Great care must be exercised in correcting
for emissivity variations and reflected radi ance components. The
interplay of conduction, convection and radiation dictate actual heat
loss and these factors must be considered in order not to draw erro-
neous conclusions. Development of a methodology to measure true
surface temperatures and relate them to a quantitative hea t transfer
model is necessary and will be a goal of further work in this tech-
no lo
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INTRODUCTION

Prior to the winter of 1974-1975 , the Engineering Sciences
Division proposed the utilization of modern thermographic imaging
techniques as a usefu l diagnostic method to apply to problems relat-
ing to the energy crisis. As suggested in the original proposal
(ESD Information Report No. 624), thermographic data could be useful
for fuel conservation efforts either from the viewpoint of heat loss-
es from external industrial facilities (i .e. ,  buildings , steam lines ,
etc) or to internal plant process studies as for chemical/explosive
production lines.

As a consequence of the proposed work , two areas of interest
were aroused at Picatinny Arsenal . Facilities personnel were inter-
ested in such things as adequacy of insulation and its relationship
to heat loss in winter, while manufacturing technology personnel felt
this would be an applicable technique to assist in conducting heat
balance inventories in explosive production. Such studies are con-
sidered vital to energy conservation in manufacturing .

Accordingly, the Engineering Sciences Division conducted a small
effort in acquiring thermal images of various arsenal facilities .
This was done both to demonstrate the usefulness of the method , as
well as to acquire a better feel for its limitations . We further
hoped to define what methodology need be developed to turn the tech-
nique from a qualitative demonstration into a meaningful and prac-
tical method with measurable payoff in fuel/dollar savings . Taking
advan tage of the time of the year , f irst emphas is was placed on
looking at exterior facilities . Efforts to thermograph a typical
interior of an explosive “meltpour” pilot plant , were initiated and
is being continued.

BACKGROUN D PRINCIPLES OF THERMOGRAPHY

It is well known from basic physic’ th i t all objects at a finite
temperature radiate energy. The quantity and quality of this ra-
diated power has been thoroughly investigate~ and its description is
entodied in Planck ’s Radiation Formula. (Appendix) Planck ’s Law is
strictly valid for blackbodie5 which are perfect radiators , but it
also serves to account for the radiation emitted by any real surface
if we take into account the “emissivity ” of the surface . Emissivity
is a measure of the relative ease with which a surface can radiate
and is expressed as a fraction of that wh i ch a perfect radiator

2

a 

_________ __________________ _______ _________________________

~~~~~~~~~ T -  ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— — - - --- -•.



___.__~_u1_ --- .-- —— - 1• — -
~~~~ -~~ 

.—.- .——- — .•-— — - 
-

(blackbody) would emit at the same temperature . Emissivity is , in
turn, dependent both on the material in question as well as the
physical condition of its surface (i.e., polished, rough , porous,
etc). By carefully studying Planck’ s Law, quantitative determina-
tions can be made as to how the radiant power depends on wavelength,
surface temperature, and emissivity. As further shown in the appen-
dix, the total amount of power radiated per unit surface area, for
all wavelengths , increases with the fourth power of the absolute
temperature.

For bodies at, or near, antient temperatures, most of the emitted
radiation takes place in the infrared (IR) region of the spectrum ,
peaking at about 10 microns. The radiation actually occupies a wide
band, being significant from 3 microns to 40 microns. As a body heats
up to higher temperature, the amount of radiation as well as its
spectral distribution changes so that at higher temperatures a body
radiates increasingly at shorter wavelengths tending toward the vis-
ible part of the spectrum.

Since our eyes are not sensitive to JR radiation, bodies at nor-
mal temperatures are invisible in the dark unless heated up to the
point where they glow in the vis ible .  A sensor which is sensi t ive
to the IR w i l l  respond to the natural radiant emissions of warm
bodies , and the received signal will increase (non-linearly) as the
temperature increases . This is the fundamental mechanism of a l l
thermographic imaging cameras .

The basic pr inc iple of a the mograph ic imaging system is shown
in Figure 1. The performance of such a device is similar in many
respects to a television camera. A lens of JR transmitting material
(i.e., silicon) forms an IR image of the object onto a focal plate ,
not unlike an ordinary camera. Since fi lm is not sensitive to the
middle and a lR wavelength , it is necessary to employ a small , JR
sensitive photocell. By a system of rotating mirrors, the image is
caused to scan across the sensor in a horizontal and vertical raster
scan similar to that of television . The resulting signal from the
detector constitutes a video input for a cathode ray display tube.
A real time , visible, television like display of the JR image of
the scene is the result .

~~~~~~~~~~~~~~~~ - . . _±* . _ . •
~



___________________ -. — —.- - - -—----

cc
0
U) < L u

~~~3~~~ --—7 ~~~
U) /,~~~‘*j  /

2~~

I’

E 3

F.’ Lu 2,_J LU
L u —— u_ (_)

— , C/)

0U,

4

- ---~~~~ -- --- —
~~~

- - —. 
. ~~~~~~~~ —‘~~~~-z~~~

-
~;

— -  
* 

- - -



- ~~~~~~~_ - - _ ~~~~~~~~~~~~~ -

4

DESCRIPTION OF EXPERIMENTS AND APPARATUS

~~~ types of connnercial JR thermographic equipment were experi-
mented with but the majority of the data in this report was taken
with an AGA 680 system. The equipment was operated from a small van
and powered with a gasoline generator which provided equipment com-
patible power. The data was taken at night between the hours of
1100 and 0600. This not only resulted in the elimination of solar
confusion , but provided maximum contrasts resulting from the “warm”
buildings against the cool night backgrounds. The camera was oper-
ated real t ime as the van was driven about random areas of Picatinny
Arsenal. When areas of interest were spotted , the van was stopped
for more intense scrutiny and photographs were taken as required.
The thermograms were taken over several ni ghts during wh i ch t ime
the average outdoor air temperature ranged from -7°C (20°F) to 2°C
(35°F).

The AGA equipmen t employs a cryogenically cooled , indium anti-
nionide , photovo1taic detector sensi t ive to the spectral range of 2
to 5.6 microns . The e lec t ro-mechanical  scanning arrangement pro-
vides a display of s i x t e e n  (16) frame s per second wi th  a raster scan
of one hundred forty (~ 4~ ) s tandard TV lines of resolution . The
instantaneous angular  resolution of the system is 2 .5  mrad for the
s tandard FOV lens (25° x 25°) hut  is improved to 1.3 mrad for the
te le photo (8° x 8°) lens.  Most of the thermograms taken from ground
leve l used the standard FOV lens .

In order to obtain the equivalent  of aer ia l  coverage , advantage
was taken of the fact that much of Picatinny Arsenal lies in a valley
and is observable from lookout points in the surrounding mountains .
For these cases , a telephoto lens was employed and several thermo-
grams were t aken  looking down at large portions of the arsenal .

In the resulting pictorial data, variations of object bright-
ness (radiometric temperature) are seen as gray scale variations in
the display . In order to remove subjectivity and to provide quanti-
tative data , the technique of “isotherm contouring ” was used as
described here. When i t  is desired to estimate the actual radio-
metric temperature of a point in the scene, the instrument is used
in the contouring mode. In this mode, a given thre~ ’ Id is set
into the instrument , and a l l  points at that  par t icular  signal  level
are displayed as bri ght points on the screen . The complete map of
all  these points therefore  represent the isotherma l contours of the
scene. In effect , all regions at the same rad i ometric temperature
become ou t l ined .  Two isotherms are a c t u a l l y  used to e s t ima te
temperature . F i r s t , a suitable known background is chosen (suc!~ as

5
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earth) as a refe rence temperature and is thermally contoured. A
second isotherm is then chosen to map out all points at a given
temperature increment above or below the reference temperature.
When the point of interest falls in the isotherm contour of the
second band , it is a simple matter to read the spacing of the two
contour lines in “isotherm units.” This reading does not represent
the actual radiometric temperature separation due to the intrinsic
nonlineari ty of instrument signal response versus temperature . Iso-
therm units are numerically equivalent to temperature only over a
small , l inear portion of the instrument response which lies between
20°C to 40°C. For temperatures outside of this range it is neces-
sary to interpret radiometric object temperature by appropriate use
of calibration curves.

It is again emphasized here that the instrument measures radio-
metric temperature in contrast to true temperature . This is due to
the fact that true temperature can differ from apparent , radiometric
temperature because of emissivi ty variations in the object .  This is
discussed further in the “Technical Discussion/Problem Areas ” po r-
tion of this report.

RESULTS OF INITIAL SURVE~(

In th is  section we w i l l  describe the results obtained from the
fi rst thermographic survey . This survey was by no means complete
nor was it intended to be so , but rather an in i t i a l  indicat ion of
what practical results are obtained when this technology is applied
to typical structures and heat generating components . A variety of
objects were chosen for this initial survey including buildings ,
s teani l ines , e lectr ical  t ransfo rmers , distr ibution junct ions , and

L various other i tems which during the course of the survey caught our
interest. This section will show many of the thermograms taken and
in some cases a polaroid picture of the same structure taken during
the dayligh t hours for comparison of structure detail. The explana-
t ion of each p i c t u r e  is intende d to point out areas of in te res t .
The interp retation is as accurate as possible at this stage but one
must keep in mind that  it is necessary to develop a complete methodo-
logy which  includes var ia t ions  in emissivi ty , reflectance , and other

t pertinent facts to yield a more accurate and complete analysis of the
data.

6
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I.

Figure 2a is a thermographic display of the main entrance to the
BOQ located on Navy Hill. The obvious places of heat loss such as
windows and air vents, are indicated by their bright thermographic
image. The areas of the building which the thermograph indicates
as regions of heat loss which would not be otherwise obvious are
the wall sections showing bright areas. These brigh t regions are
warmer on the exterior of the building than the darker regions. The
reason for this variation in outside wall temperature can be either
poor insulations in these bright regions, or warmer temperature at
the corresponding inside regions , such as the location of a radiator
in the near proximity of the wall. In either case the addition of
insulation or a reflecting material behind a radiator would decrease
the amount of heat leaking through the outside wall surface.

Figure 3a shows the north end of building 183. As can be seen
from th is  the rmogram, the outside wall  temperature appears qui te
uniform. The four windows appear to be quite wel l  insula ted since
they do not appear to be radiating much more than the center window ,
which was bricked over. The area of major heat loss in this photo
is the attic vent located near the peak . Although it may not be
desirable to seal it off comp letely because of moisture buildup in
the attic , it may be possible to reduce its area without affecting
its function as a vent. This photo displays the ease with which in-
advertant draft type of heat losses can be recognized with the proper
thermographic instrumentation .

Figure 4a is a front view of bui lding 171. Note that in this
picture the windows are warmer than those in Figure 3. The righ t
side of the first floor appears cooler than the rest of the building.
This is not due to the insulating quality of the walls but rather a
result of those sections of the wall being ivy covered--as can be
seen in the photograph. The walls themselves are probably at a rela-
tively uniform temperature , wh ile the cool thermal image of the ivy
is approximately ambient. Attention is drawn to the belfry atop the
bui l ding wi th  its brigh t thermal image indica t ing  a heat loss.

Figure 5a is a front view of headquarters building 151. An
interesting point to note in this thermograph are the windows above
the main entrance. Notice the difference in the upper and lower
halves of the windows . The warm lower half  and cool upper hal f  in-

• di cates that either the lower half of the storm window is missing or
else it was left open in the up position leaving a double storm
window above and no storm wi ndow below .

7
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Fig 2a Thermogram of BOQ located on Navy Hill
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Fig 2b Photo of BOQ
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Fig 3a Thermogram of north end of building 183
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Fig 3b Photo of north end of building 183
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Fig 4a Thermogram of front view of bu i ld ing  171

- 
Fig 4b Photo of buIlding 171
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Fig 5a Thermogram of buildin g 151

Fig 5b Photo of buil ding 151

- 
11

j 
_______ _______- - .,-

- . ——  -. 
~~~~~~ 1. w~~~~ ?~~~”? ~~~~~~~~~~~~~~~~~~~~~~~~~ -

- 

- .



- — -~
--- —- —. - — - -

0

Figure 6a is a thermogram of the home next to bui lding 59 show-
ing heat leaks under the overhang along the roofline . It is inter-
esting to note the high radiometric temperature along the inside
corner above the porch roof. This increased temperature is probably
a conthination of heat loss and low wind velocity in the region of
the inside corner causing a warm region of relatively stagnant air.
Great care must be exercised in the interpretation of this type of
thermograph in terms of heat Loss because of the complicated inter-
play of air temperature, wall temperature, and convective and radia-
tive exchange which occurs at inside corners of structures.

Figure 7a, a thermogram of the change house on the Navy Hill
Road, is a good example of differences in outside wall temperature
due to differences in thermal transmission through the wall. Notice
the difference in radiometric temperature between the upper and
lower half of the building. Either the insulating value of the wall
is different, or the inside temperature of the building is different
between upper and lower floors .

F i gure 8a shows the rear side of Headquarters , building 151
thermographically. Notice the warmer horizontal and vertical areas
where the floors and walls butt to the outside wall indicating a
high thermal coupling the those regions. Again , notice the effec t
of double storm windows wherever there is an air conditioner requir-
ing the partial opening of a window .

Figure 9 gives several thermographic views of building 10.
Figure 9a shows uneveness in the outside wall temperature of the
bui lding. Of particular interest is the very warm region runn ing
along the base of the th icker wal l  section , perhaps indi cating a
steam pipe imbedded within the wall. This warm region is visible in
al l  three thermograms. In Figure 9b we can see a large di fference
in outside wall temperature. We feel this is due to a wall mounted
radiator located on the inside. The straight line on the left of
the window is the outline of a tree and jus t to the left of it is a
sec ti on of the wall  wh ich is much cooler than the warm reg ion around
the windows. Figure 9c is shown to il lustrate the difference in the
thermal properties of the tile building block and the cement mortar
joints . The outside radiometric temperature of the blocks is cooler
than the mortar joints since the air holes within the blocks act as
an insulating layer. Using the isothermal scale built within the
instrument, it was estimated that the center of the tile blocks out-
side surface are about 3°C above ambient wh i le the mortar joints are
about 4.5°C above ambient.

12
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Fig 6a Thermogram of home next to buildi ng 59
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Fig 6b Photo of home next to building 59
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Fi g 7a Thermogram of changehouse on Navy Hill Road
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Fi g 7b Photo of changehouse on Navy Hill Road
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Fig 8a Thermogram of backside of building 151
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Fig 8b Photo of backs ide of building 151
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Fig 9a Thermogram of building 10
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Figure lOa is a thermogram of building 329 taken with  an 8°
f i e l d  of view lens from the vantage point of Picatinny Peak . T h i s
illustrates what sort of information is possible from an aerial sur-
vey . Detailed resolution is obviously missing, however, this is a
good way for spotting gross effects over a large area in a relatively
short time . It is obvious, for instance, that the small annex is
much warmer on the exterior than the main building. Also of interest
are the two very warm windows on the near side of the main building
which would warrant a physical inspection.

Figure h a  is a closeup view of a building illustrating detailed
local i zed information in contrast to the information obtained in the
aerial view of Figure 10. Notice the heat loss di fferences in the
roof due to variations in the insulation. The parallel lines on the
roof are due to the presence of roof rafters offering better therma l
insulation than the area between the rafters . The noninsulated over-
head door is also a source of thermal loss to the exterior.

Figure l2a shows a thermogram of building 307 indicating heat
losses through the rectangular region in what was probably a sky-
light in the roof. This skyli ght is made of corrugated fiberglass
and has since been painted over serving no useful purpose. It has
no insulation whatsoever and can very well be the largest single
heat loss in the building. Several of these regions are present on
307 and again the same situation exists on building 302 shown in
Figure 12c.

Figure 13a is a therinographic view of the corri dor connecting
bui l dings 350 and 352 showing the poor thermal properties of this
plastic covered structure .

Figure 14a is a thermographic recording of a section of steam
line runniiig up to Navy Hill. Notice that although the uninsulated
valve is about 150°C above ambient , the outside temperature of the
insulated pipe section is quite cool. It was noted during the course
of this survey that different steam pipe sections had large variation
in the insulation quality of the pipe wrapping. For example , iii
Fi gure 14c the valve in the 350 area is again about 150°C above am-
bient but in this case notice that the pipe wrapping has a higher
temperature than the section shown in Figure l4a. Neglecting emmis-
sivity, variations could indicate somewhat poorer insulation in this
particular section of pipe . Figure l4d shows the ease with which
poor insulation spots can be found on a steam line. By scanning the
steam line from a vehicle , poor insulation regions show up as brigh t
easily discernible areas as shown in the figure .
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Fig lOa Thermogram of building 329 taken from Picatinny Peak

— 
__

i__fi1~~~
uI
~ ~~~~

_-

-‘
~ ~~~~~~~~~~~~~~

Fig lOb Photo of building 329

~ ~

Fig 11 Thermogram of close -up view of building
showing Iwat loss through roof
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Fig 12a Thermogram of building 307

Fig 12b Photo of bu i ld i ng 307

Fig 12c Thermogram of buil ding 302
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Fig 13a Thermogram of corridor connecting
bui ldings 350 and 352

Fig 13b Photo of corridor connecting
buil dings 350 and 352
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Fig 14a Therm ogram of steam pipe and valve (Navy Hill)

Fig l4b Photo of steam pipe and valve

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Fig 14c Thermogram of
steam pipe and

~~ 

- valve (350 area)

Fig 14d Thermogram show-
ing poor circula-
t i on s pot i n s team

21

._ _ ~~~
_ — 

4,
- ~~~—~~~~~ - - — 

- - 
-- - _ - _ ~~ —~~~~~~~---—- - --.~~~— -—- -



- - .— ----I- ~
— — -  -

~~~ 
- — - -

4--—----

a

Figure ISa shows a thermographic view of an electrical  trans-
fo rmer and dis t r ibu t ion  box located behind bui ld ing 95. In Figure l5a
the transformer and distribution box are shown with the tran sformer
somewhat warmer. Also shown in this thermogram is an overhead steam
line with a valve and two uninsulated support points showing. The
three high voltage connectors showing in Figure l5c do not have a
thermographic signature in Figure lSa because they are very cool.
In Figure lSb we have another thermographic view of the station with
an isothermal contour set for slightly above ambient temperature .
Notice the outline of the high voltage connectors indicating a very
uniform temperature at slightly above ambient. A complete scan of
this station through the isotherm range indicated no exceptionally
hot region . The best time to examine such station would of course
he during the daylight hours at a time when the station is at a peak
load condition .

Figure l6a shows the north end of building 95 along with some
elevated steam lines which show warm regions at each support point.
This thermogram is included to show the effect of using the iso-
therma l scan to determine temperature differences of relatively
uniform thermographic image. Figure l6a shows the wal l which y ields
a rather uniform heat picture except for the area around a vent. In
Figure lôh , howe ver , we have super-imposed an isotherma l contour set
at  -1°C above ambient  which we found to be the temperature of the
warmest  par ts  of the w a l l .  Notice the detai l v i s ib le  in Figure l6b
which indicates by brigh t areas a l l  regions of the wal l  at 4°C above
ambien t  w h i c h  we found to be the temperature of the warmest parts
o f  the w a l l .  No t i ce  the detai l v is ib le  in Figure l6b wh i ch indicates
by brigh t areas all regions of the w a l l  at 4°C above ambient.  It
was f’un d t ha t  the max imum temperature  gradi ent of the w a l l  was about
2°C from the ~‘a rmest to the co ldes t .

F i g u r e  17a is inc luded  t u  show the therma l losses from two venti-
l a t i ng f,*r r - ; l e t t  r u n n i n g  a l l  n i gh t  at the o f f i cers club . A third
fan to t h e  l e f t  ot  thi ’ two warm ones was not running and so har a
very dar K therma l image .

Figure 18 shows a therinographic d isplay  of the 350 area as seen
from the van t ;  ~ - point of Picatinny Peak . Figure 18a and 18b are
the same ther~iographic view s of the 350 area except that Figure l8b
is a negative display (all cool areas appear bright and warm aireas
are dark). Noti e in Figure l8a how warm the 302 machine shop area
appears in contrast to buildings 350 through 355. This warm area
around 302 i - ;  largely a result of the roof of 302 being totally un-
insulated and the walls contain ~~ny large windows . Notice also in
Figure 18a the bri ght corridor connecting buildings 350 and 352
wh i ch was shown close up in Figure 13. It appears from Figure 18a

22
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Fig 15a Thermogram of electrical station
located behind build ing 95

Fi g 15b Thermogram of elec tr i cal stat i on
wi th iso thermal contour
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Fig 15c Photo of electrical station
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Fig l6a Thermogram of north end
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of building 95

Fig 16b 
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Fig 16c Photo of north end of building 95
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Fig l7a Thermogram of exhaust fans at Officers Club
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Fig 17b Photo of Officers Club
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1~~~Fig 18a Thermogram of 350 area from Picatinny Peak

I

Fig 18b Inverted thermogram of 350 area
from P i cat i nny Peak
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tha t  the roo t ’; of b u i l d i n g s  3~i I and 353 a r e  darker  and t h er e t o- e
radiom etrica ll v cooler than buildings 350, 352, 354, and 35~~. A g a i n
in the ii v ert ed picture (Fi g 18h), notice how they appear I)rlght cr
and t h e r e f o r ’  cooler than the others . Inasmuch as some of these
roofs ai-e metal and therefore of abnormally low emissi v it y . great
caution mus t he exercised in inferring that these roofs are , in t a ct ,
cooler t h a n  their surroundings.

Fi gure 1~ is a thermographic view of a section of the steam
jacketed transport lines at the meltpour pilot facility being con-
structed at Picatinny. Variations in the effectiveness of the in-
sulation are readi ly seen by the intensity variations of the thermo-
graphic i mage.

Figure 20 is included to illustrate another functional capabil-
ity available for heat analysis. In order to get an i mmediate and
q uantitative comparison of the radiometri c tempe rature of different
points , a line is set through the picture region of interest. In
this case , the line runs across a man ’s legs (seen on left) and
through a l i v e  steam vent (next to the man). At the bottom of the
display ~s graphical representation of the radiometri c signal at
a ll points along t h e  horizontal line . In this case , the steam vent
being much hotte r than the man , has gone off scale.
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Fig 19 Thermogram of section of steam jacketed
l ines at melt pour pilot facility

Fig 20 Thermo gra phi c di spla y wi th line scan
giving quantitative comparison of radio-
metric temperature along that line
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TECHNICAL DISCUSSION AND PROBLEM AREAS

The results from the typical thermograms discussed in this re-
port point out many factors with which one must be concerned befo re
thermographic i magery can be correctly interpreted. Two basic prob-
l ems must be addressed. First, we must concern outselves with the
correctness of the readings in terms of t rue temperature versus appa-
rent, or radiometric temperature. Second, we must concern ourselves
with interp reting true temperature measurements in terms of actual
heat losses . Each of these is briefly discussed in the following.

True Temperatures vs Radiometric Temperature : Although a thermo-
graphic camera is sensitive to the radiation actually emanating from
an object , it is also sensitive to any radiation which might be inci-
dent upon and reflected from the scene under study. Figure 21 shows
the typical scenario in which thermograms are being made . As shown ,
one must be careful of the presence of intense background sources of
JR . Fai lure to properly account for such factors will lead to ser-
ious errors when the data is interpreted. In the figure , for example ,
the sun constitutes a major source of IR illumination on the target.
If one were interested in the temperature of the roof, he must con-
side r at least three factors . First , the roof radiates its own con-
tribution in accordance with its emissivity propert~.es. Second , the
roof reflects a portion of the solar JR illuminat ion into the thermo-
graphic camera . This will be variable depending on such things as
time of year and day, clarity of weather, reflectance of roof,
specular or diffuse character of roof and/or illumination condition ,
etc. Third , the actual surface temperature of the roof is affected
by the absoption of all external radiation impinging on it , by con-
vective exchange with the outside air , by the internal temperatures
of the building, and finally, by its own insulation quality. Be-
cause of the confusing effects of sunlight , it is best to take
thermographic data of exterior surfaces after dark . This will re-
duce the variables we must contend with to those of object tempera-
ture, object emissivity, and background temperature .

As indicated earlier , the true temperature of a surface can be
correctly inferred from the measured radiometric temperature only if
emissivity and reflectance is properly accounted for. This relation-
ship is symbolically illustrated in F igure 22. For example , spec ia l
care mis t he taken when working with unpainted, metal surfaces.
Since such surfaces have poor emissibity and high reflectivi ty , it
is not unusual for the inexperienced thermographer to measure the
thermal reflection from his own body and attribute this to the
“temperature” of the metal. Conversely, slight emissivity variations
over the surface due to dirt stains , uneven oxidation , etc can be

29
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inferred as temperature variations even when the metal is uniformly
isothermal. The situation would he further confounded if one is
working in the presence of plant machinery and multi ple reflections
can occur. In most cases of qualitative thermography , it is assumed
that particularly hot zones are radiating sufficiently to overshadow
reflected components but this is only true for hi gh emissivi -ty, low
reflectivity objects. Great care must be exercised so that the hot
zones do not become troublesome background sources for nearby areas.

Relevancy of Thermogr a phy to Heat Loss: Perhaps the most im-
portant question that can be asked is “just how practical and useful
is thermography in providing us with heat loss information to the
extent that  the savings j u s t i f y  th 5’ means. ’ As men t ion ed above ,
great care mus t he exercised in avoiding major p i t f a l l s  such as fa i l -
ure to account for reflected backgrounds and emissivi ty var ia t ions .
The fi rst objective is to correct the radiometri c temperature , as
seen by the the rmog raphi c camora , to that of true sur face tempera-
ture . But assuming this is properly accomp lished , what then? A
true therma l prof i l e  is not by i t s e l f  a measure of heat loss. Thermo-
grams can be made of many in teres t ing  and complex thermal  p r o f i l e s ,
w hich are associated w i t h  negli g ib le  heat loss or would not he cost-
e f f e c t i v e  to correct , w h i l e  other r e l a t i v e l y  u n i n t e r e s t i n g  therma l
pro 4 il es can be re la ted  to subs tant ia l , eas i ly  correctihie heat loss.
The o b j e c t i v e  of the measurement is heat loss , not thermal p ro f i l e .
In t h i s  report , surface temperature is a necessary , but not suff i -
c ien t  requi rement to es t ima te  heat loss.

Heat loss occurs through the mechanisms of conduct ion , convec-
t i o n , a nd r a d i a t i o n . In fac t , i t  i s  th e r a d i a t i o n  component which
a l low s us to in fer  surface tempe rature in a ther inographic measurement
but i t  should not  be assumed that  th is  rad ia t ion  is the major  heat
loss mechan ist- . Examples of other importan t factors which  must he
e onstdc red are wind conditions , exterior air temperature , i n t e r i o r
w a l l  te mperature , shape and area of s t ruc tu re , v e n t i l a t i o n  character-
i s ’i c s  of t h e  s t ruc tu re , heat exchange w i t h  adjacent  bodies , heat
n p u r s  ( i . e . ,  sola r ) ,  o r i en ta t ion  of the surface ( i . e . ,  hori zontal
or  v e r t i c a l ) ,  and s c i l l  others .

In orde r to r e l at e  thermographica l l”  determined surface tempe ra-
t O t e  to a q u a n tit at i v e  est imate of heat  loss , i t  is necessary to
employ mathem atical heat transfer models which  properly account for
the param’ “r -  l i s t ed  above . Th i s  w i l l  be the subject  of fu tu re
work in this area.
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APPENDIX

PLANCK ’S RADIATION LAW
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The radiation emitted from a surface as a conseq uence of i ts
temperature is given by Planck ’s Law :

W ( A )  = 
c(A)2ithc A lO 

watt s/m2ti (1)

where :

W ( A )  = the radiant eniittance per unit wavelength band

C = velocity of li ght, 3 x lO 8m/sec

h = Planck ’s constant , 6.6 x iO~~~ joule-sec

k = Boltzmann ’ s constant , 1.4 x 10-23 joule/°K

I = temperature of body , o~~

A = wavelength , microns

c ( A )  = surface emiss ivity  as function of wavelength

The total radiation from a surface is obtained by i n t eg ra t i ng
the above over a l l  wavelengths .

W = I W( A )d A = co T~ (2)
0

where :

= object emissivity (assumed constant) of body

0 = Stefan- Boltzmann constant , 5.7 x 10 8 watt/m2-°K

A plot of equation ( 1) is given in Figure 23 and typ ica l ly
- - demonstrates the increase in radiation due to temperature at any

particular wavelength .
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