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TEE SNCOW® EMISSIVITY METER
ARD ITS USE IN EVALUATING THE EMISSIVITY OF
ICE, FROZEN GROUND AND OTHER MATERIALS

Introduction

The research progrsm reported herein was conducted under s suspices of
the 8now, Ice and Permefrost Resesrch Estsblishment ¢f the Corps of Engineers
of the U, §, Army as a part cf Contrest DA-11-19C-ENG-3. An objective of this
contract is ths msasurement of the totsl emissivity and absorptivity c¢f wet
and dry snow, ice, frogzen ground and materials ussed in the arctic regions. To
aocomplish this, an instrument, the Snow Emissivity Meter, was designed uti-
lizing a mirror to focus the incident energy upon a thermopile detector and an
ideal radiator for controlling radiation from the surrcunds, The preliminary
résults cbtsained fron laborptory tesking arse paporisd hersin.

Descripticn of Apparatus

The basic design was prreviously dsscribed in the Progress Keport for the
year June 27, 1952 to June 27, 1953 of the Snow Characteristics Research Projest,
Series 62, Issue 1. Aated June 27, 1953. In brief, a double walled hchlraum
through which isothermal fluids may be circuletsd is placed over the sample
surfacs. The ensrgy emitted by the sample surfacs pesses through an opening in
the upper wall of the hchlraum and is intercepted by a first surface spherical
nirror which foouses the energy upon the thermopils detector., The dstector is
a wire wound silver-consiantan thermopile 3/8 inches wide and has approximately
60 actives differential junctions. The receiver strip is 0.33 inches in diameter,
the diameter of the image of the opening in the hohlraum. A sahematic disgram
of the optical system and construction details of the whels instrumont are
given in Figures 1 and 2,

An energy balancse upon the sample and a radiatica shield used a8 s zero

reference, yields the following eguations
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WLETE
C = constent, defined by equation (2)
8 = gmissivity or emittance
F = geopstricel skape fecter
4 = cglibration constant of ths detector - BTU/Erftz/ﬁv
T = tempsrature - °R
v = detector ocutput - mv
= difference
« Stefan-Boltzmann constant - 1.72 x 1072 BIU/hr °R*
Subscripts

h = hohlraum

¢ = seugle surlase wiln reSpset te apening In wpDe
hohlraum

RM = receiver with respsct to mirror

a = comnla orywPann
s gempdige sSurlieacs

x = upper and lower cylinders and upper surface of hohlraum with
respect to mirror

1

ghield

The value of C is defined by

Fy Fe %
= - B + 2 R 2
c 1 1‘o % ‘h+pm \ )
The derivetion of thess equations is shown in Appendix I.
Bquation (1) may be solved for the emissivity of the surface, thuslys
E(av) , 4 _4A
Fo - C(T-T)
. = 050 f2\
8 ]

(rﬁ-r‘:) - F, (rfl-ri)
The term AV is the differencs cobtsined when viewing the sample surface ond the
reference ghigld, The constants shown in the above equations were:
¢ =1.149

Foyg = 0.197



Fy = 0,0262

;‘— = 0.175

e
&80
F,. = 0.274
The temperature of ths hohlrsum was measured with four Cu-Co thermocouples
equally apaced on the inner walls, The shield tempereture was measured with a
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Cu-Co thermocouple peened to the nrrer surface of the radisticon shigld., F
laboratory purposes, thermocouples weare also placed in the detector holdsr aud
in the =zir column. The sample surface temperaturs was determined with thermoc-
counles embedded in the sample along the surface, This insured that ths leads

were in an isothsrmal ewvironment and reducsd heat losses from the thermocouple

‘The hohlraum was mainteined in an isothermal condition by circulating water
through the double walls, The-tempsrature was maintained at a level bLsgitwssen 50
and 70°F. Experience showsd that this level provided the mcst stable convective
conditiors within the air cclumn surrounding the detecter. This tempersturs
did not cause the samplas to mslt as the base was well insulated from the sampie
by the bakelite ring.

The instrument was set in s deep freezer. The level of the top of tha
firaezing compartmeont was approximetsly the level of the glot in the lower
cylinder provided for inserticn of the refserence radiation shield. The upper
cylindar was therefore exposed to the warm ambient room air. This procedure
was found to be necessary to reduce "fogging" of the mirror and assisted in
stabllizing the air column within the instrument.

The detector was calibrated by placing the instrumsnt over the opening of
en ideel rudietor, The hohlraum was a cylindsr immersed in a water (or ice)
Jacket, blackered on the insids and haviang dimensions of 5 inches insids
diameter and 6 inches desp. These dimensions combined with the emissivity of

5

ths interral coating provided the regquisitc conditions for Planckian rsdietion
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(Tuckicy 1334). The constent was determined for s scurce tempsrature ranges of
20 to 70°F_and a ocurve of the.resqltnntvqslibratian is shown in Figure 3. The
meximum devietion of the experimental calibration from the meen value of 30 4

BTV /hrot? xv was less than 1,0 percens.

FHERVES

AP Beme Ev A

A, Soils
| Moisture Content Range Range i
Percent Dry Wt. Tg Tn
{approximately) oF oF L
Soil 1! 50 (saturated) 22,2 - 27.4 67.4 - 73.3 0.93
31 11.2 - 19.8 67.5 - 72.5 0.93
20 7.0 - 24,0 67.2 - 72,0 0.54
10 11.2 - 27.9 65.3 - 70.3 0,96
5 (@ry) 39,5 ~ 55,8 64.9 - 80.4 0.94
8oii £} 40 {saturated) 15,2 = 31.3 61,7 = 69.6 0.92
25 11,0 - 23.4 67.0 - 73.0 0.93
16 11.8 - 28.4 65.8 - 71.0 0.94
9 17,0 - 28.8 €4.5 - S56.4 0.94
.5 (dry) 38.6 - 66.3 65.6 - 66.3 0.95 |

Soil 1 and Soil 2 were different samples obtained from & field in the Lafaystte,

California area. Each value of eg is the average of & minimum of five measure-

ments .,
B. Ice
! Rangze Range
Ig Th
oF oF e
0.8 - 18.9 69.0 - 73.5 0.97

Ths value of eg is the average of 10 readings.
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Renge - Renge
7 Ko, of
Description of oy Sg Nsasurswsnls | Remarks
Flet white pasint 17.8 - 29,7 169.4 - 72,110,981 3 H
or poiished aluminum i
Flst black paint 13,56 - 24.4 {70.0 - 71,2 | C.88 3
on polished aluminum
. 1
Magnesium Oxide 6.6 - 18,4 |€S8.1 - 70.9!10.64 3
on polished aluminum
= - T8 - ]
%%sne gfii axrt 27.8 - 36.1 |73.2 - 73.9 10.91 3 0.006
on poli she - thick
Aluminum foil .0l | 1
3

Discussion
A, Results

The order of magnitude of the results obtained checked those previously
obtained and published in standard texts on heat transfer (e.g. Introduction to
Heat and Mass Tronsfer, E, R. C. Eckert, McGraw-Hill, 1951). The smell vari-
ation of the emissivity of 2o0il with different moisture contents may be attributed
to expsrimental variation or il may be considsrsd to be an effsct caussd by
filliag the intergranular spaces with ice (or water). The voids between the
particies in dry soil may act as small idsal radiators with en effective emissiv-
ity of 1.0. Filling these with ice which has an emissivi'y of 0.97 could
hie reduction of the emissivity of the sample as a whols,
The variation noted is of the order of & 2 pervent and for engimeering appli-
cations, the mean value should be satisfactory.

The miscellanecus surfeces wers se:scted to provide confirmation of other
measurements or ccneepts regarding the long wavelength emissivity of these
matsrials. Thus, the valuae obtained for the aluminum foil costed with win
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chloride plestic pertially substantistes in magnitude the spsctral rsflectance

nnasnr!nﬁntswrcportodvtnaths‘ptpvionslyfndtéd‘Progrvaa Report (Gier, Durkle

lhl

e5%) pege 45, Prom ths speotral < -te, the coating may be seen to have reduced
the reflectance tc a value betwesu %0 and S5 percent., The sffect 1s epproxi-
meately constant within ths spectral limits of the reflectance date, The
smittance of this meteriel was 0,06 within & Lsmpersture rangse cof 7.5 to 21.4°PF
and for these temperstures, approximately 50 percent of the energy of a Planckian
radiator is beyord the limit of the spectral measuroments, i.e. 15 wmicrons.
Hence, a qualitative conclusion may be mads that the sffect of the coating is
constant from 15 microns to 25 microns (say). The velue obtained for alumizua
fcil was onliy approximate ss the erergy emitted by ths semple was very small.
cnesquently, the errer invelved was larger than desired. The Girection of the
error should be toward a smaller value than reported.

Ths emittances of white and black paint were taken to demonstrate again
that white paint is "blacker" than black paint at long wavelengths. This
further confirms the results reported in terms of spectral reflectance. The
results obtained with magnesium oxide were further confirmeticn of the spsotral
measuruments. In the case of magﬁesium oxide, ths interpretation of tha data
is complicatsd by the two eifects of increasing thickness and transmission.

An inereese in thickasse will increass the reflectance by trensmission end
inter-reflection. Also, transmission will lower the vzlue for the samyple on
polished aluminum end raise it for the bleck paint background sempls., Thus,
the increase in smittance cf the sample on black paint may have beeu caused by

eithaer ar Lioth inereassd thiolmees and z2bscrd

- - —eaa

1953 ).

B, Use of Equipment
The only important change that was found to be necessary was the replace-
ment of the nylon-glass strings supporting the detector holder with nichrome

wirs. The nyl-on-gless materiel was found to sirsteh end deteriorste repilly



wder the coniivions of cperedion. Alter thai change. po Yuriher troudle wes

encountered. The heat losses through the wire did mot affsect the calibration

6: ti;nd;foctbr.

nally planned, the instrument was intendsd to be used in the fisld,
i.0. out in the open. With ihc gresent cguipment. this method of operation is
not amensble to field usage tecause the instrument raquires s pump for sircu-

lation of dsotherm the

-2 A
s Savaivy

o

nd a potentiometer ssnzi-

2}

in ths walls o
tives to one microvolt for measurement of the detector cutput. The instrument
could be used in a laboratory located in the fisld wherein electrical energy
and water were reedily available. In this lattar case, the samples would have
+o he in closs proximity to the laboratory.

The convection currents In the instrumsct must Bs eberilized muok in $he
menner described. Use in the open would inte;fbre with this pettsrn and
seriously alter the calibdration of the detector. Fogging of the mirrer would
also constitute a probiem.

The use of & coolant other than water was attempted. Liquid nitrogen was
tried eand found to be impractical. Fortunatsly, the presupposed necessity of
reducing the radistion smitted bty the hohirsum was found to be unwarranted
{Gier end Dunkle 1053), Reliable and consistent results were obtained with s
hohlreum temperaturs betwsen 60 end 70°%, The chapnge in spestrel distribution
betwsen O°F (say) snd 60°F would be very small and the results obtained with

ths higher temperature should be equally relisble at the lower temperature.
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: Do_riv&ti on of Bquations

A, Viewing the sanmple

G, =E Vg, *C meﬁ& g Wsi‘-ﬁ + C F,ﬁ% + Fpy{i-F,} O (1~gs)i~'§

4

- 4
FruFol (1l-eg)73

N

Par ]
S

B, Viewing the shield

4 4 ; 4 4 4
Gb =KV * O FruTgry O FpyTy * U F,Tj = ¢ FRMGST]. + (1-08)0' FpuT1

4
+ OB 1] | (2)

Subtracting equation {1) from (2)

E(Vg-Vy) * O Fru(TRy=Tha) = U Fpysy (T7-15) + (1-ng)0 Fpy(T3-14)

-sfs W*v s \(ﬂv& é% fﬁ‘m i'm& #Tf

& _-‘ea- "~

K 4 .4 4 .4 i 4 4 4 .4
= (A¥) + G (TRa-TRp) = 0 €5{Ti=T4) *+ (1-84)0 (T1-Ty)-Fo0 (1=eg)(T1-Th)

Seen

_F 4 .4
+ 0 Fx_ (Tl-Th)
RM

P - rmd md "
= 0 og(rhrd) - 2otrhr)] -

Ufl 5 %J[r

f]

% (a9) + 0 (Tp,-Ta,) = Te, [(ri-r )-F (Tt -'rl)l cooinl)  (3)

The assumption is made that Ty, * TRy. i.e. readings ere taken rapidly enough
so ag to prec~inde e change in the detector temperature. Thersforc the final

= & B e 2
oquub;un i

%E (AV) = C o [ T -1)<P, (T ~T‘{)] + § c(13-15) (4)

where
Ex
C = 1-?0 *'?i'ﬁ (5)



ine syztole have the following mesning

¢

g

Subssripts

constant defined by equation {5)

emissivity or emittance

geometricsl shaps fsotor

§rradistion incident upun thermopils dsteotor
thermopile detsstor constant - B?Uf%rftz/ﬁv
sbsolute temperature - R

thermopile output - mv

4

Stefen- Boltzmann constent - £,172 x 1078 BTU/hr °R

difference

conditions obtained whan viewing shield

honlraum

opening in hohlraum upper surface (sawple surface with respect
tc opening)

receiver

receiver with reapect to mirror

sample surface

upper and lowsr cylinders and upper zurface of hohlraum with
respect to mirror

snield



Bstimate of Expsrimental Errors
An estimats of the errors involved may be mede by assuming
y ol 4
() Ty = Ty

4 4

4 T of
-

I 7 *s

L]

-
o
Sapwet?

Asgumption (s} is expsrimeutslly a velid assumptionm. Assumption (%) is valid
=ithin less than 1C percsnt if T, £ 2 T , This is within the experimental con-
ditioms.

Equation (4) may therefore be differsntisted logari*hmically to give

(assuming Fgy = corstant s

For cslibration of tne detestor, an ideal radiator was ussd, i.e., 6, = 1,

Therefore the szrror ia the calibration constent was

de
dk _d(aV) . Sideal
X

+3 (7)
AV e (. + 17, (7, - T.)
®ideal B 2 h 8’
Azsuming the fcllowing conditions
AV ~ 0,200 me a(av) = 0,0005
: = 1,00 dleg. . ) = .08
€1deal o= (%ideai‘} A
O. - (o)
T, = 520'R ar, 1/4°R
.8 = 480°R dTg = 1/4°%
d

Then the value o0f —= is

o
s

dK . 1/2
T = .0025 + .005 + .GOE *
- 4 i) 20
= ,028

¥ 2.5 parsent
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€ Error in Ausured ¢. undsr the same conditioss would be

e o

doe -
= = 026 + 0025 + ,006 + 00,0125

= 04

= 4.0 percent

Zxperimental variation in the measurement of X was less than # 1 0 percant
end thersfore, the error involvea is belisveld Lo nave besn mush less than that
indiceted for K in the above analysis. Ths srror ir msasurement of e, is
believed to have besen twice thet in K or * 2 percent. This is based upon the

reprodusibility of the resulte.
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