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PREFACE,

Installations of totally enclosed motors as well as
box enclosed motors are so built fundamentally for fire pro-
tection.

A typical example of dust laden atmosphere harmful to
motors, is a flour mill, Flour dust in these mills collects
on the motors forming a caking on the windings. This in turn
hinders the radiating power of the stator, causes the motor
to overheat, and has been the cause of many d;sastrous fires.

Fire-protection broadly speaking, means the abolishing
of the causes that originate fire, and secondly, the providing
means which confine fire to the space in which it originates.

In motors, the first is fulfnlléd by enclosing the
motor so that nothing but clezn air comes in contact with it.
The second protection, if the motor should burn out from an
overload, is gotten by building the enclosure of asbestus
lumber, thus confining the fire.

N These small enclosures as advocated by mill insurance
inspectors, require ventilation to keep from running hot, and
in this thesis, we have chossn the study of ventilation obtained
by natural pipe draft.






Procedure: The ventilation tests were carried on with a 5 H.P.
60 cycke 220 volt induction motor, and a 10 H.P. 60 cycle 110
volt induction motor,

The firet test was made by running the motor at full
load belted to a D. C. generator. The K, W. input was held
.constant by two wattmeters in the three phase circuit, and
was kept at 4.8 ¥,W, on the 5 H.P., and 8.3 K.W, on the 10 H.P,

machine,

x 746 . 4.8 K.W.
of

10 x 746
.90 8.3 K.w.

This test was run unenclosed, and gave us the ultimate
temperature rise as 2500 on the 5 H.P,. andr}O?C on the 10 H,P.
motor.

Enclosing the motor in a wall board box with no inlet
or outlet, a curve of very rapid temperature rise was obtained.
In less than two hours the temperature passed the safe limit
at which a motor should be run,

To ventilate such an enclosure, an inlet pipe and a
variable height outlet pipe were put on the box (See Fig. 1),
and tests run till the air drawn thru the enolosurg by the

exhaust head was sufficient to let the motor run at a constant

gafe temperature,






Problems met in Thesis.

To get the temperature of the stator coils, a study
was made of electrical temperature recording devices. As
none were at hand in the department and the bullding of a
fairly accurzte electrical thermometer 1s a thesis in itself,
we decided to use a two foot 10000 mercury thermomester. A
putty pad was placed on the outside stator coils under which
the thermometer was placed for registering the coil tempera-

ture. The length of the thermometer enabled us to read the

scale outside of the enclosure.

The 10 H.P. machine as received by us was connected
for a 2 phase 220 volt circuit. The motor had 48 slots,
6 coils in series and was conmected series delta. Having
42 slots we recut the stator, putting 4 coils in series and
reconnected it into a parallel star. This gave a three phase

four pole 110 volt machine.

To have a steady load on the D. C. generator, we built
a water barrel reostat of large enough capacity. It consisted
of a cast iron plzte at the bottom of the barrel and another
plate suspended at a variable height above it, both being

imrersed in a weak salt solution.
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The anemometer used in measuring the velocity of air
going thru the enclosure was calibratéd by running around a
toy track for a definite time. This actual velocity was
then plotted against the dial reading and gave a straight
line function from which to read correct velocities. (See

Curve 1.).
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Calibration of Anemometer Data.

Dial Reading Times around Distance Time in Actual Dial

track, in feet. Seconds.Velocity Velocity.
110 6 1 4g 168, 137.
119 3 1%% 32 253. 2%% °
140 7 157.5 5 270 240
203 10 285 5 300 27n
202 10 225 43 314 282
194 10 225 65 208 129
190 10 225 70 193 163
180 10 225 90 150 120

164 10 225 112 120.5 88






IS RIS A i
i o2f ewe 082 092 oh

;
¢ om ocx ow o

i
i

ooy

|l ¥ 3et 212) ALAIOT,

A 76 NLIK
HHEH

MICHIGAN AGRICULTURAL COLLEGE

L
_ ¥

R

S5 IwoNTmYy yo MO

AL1309IA TILEIIONS




Test run on 10 H.,P. Motor to get its temperature
rise, Motor running at full load and unenclosed.

~ o) o)
Time of Test., Number of Min, Temp. of Motor C., Temperature rise C,
%:20 0 23 g

22
1:2 3 %2 8
1:27 7 34 10
it t i 12
1:48 28 2425 18.25
1:54 4 43,75 19.75
2;00 0 42.5 2l.5
2:06 46 46.5 22.5
i 2 s

: . 23,
2:21 ; Lg,25 2 .Z?
2:30 70 Ug.75 24.75
azzﬁ T4 49 25.
2 a8y 50 20,
2:56 96 50.5 26.
3:02 102 50.75 26.75
3:03 1C3 51. 27.
3:12 112 51. 27.5
g:a% iai gé.ag 2;.75

M ° 28,2
3:30 140 2.4 28.45
z:us 145 52.5 28.5

:00 160 52.5 28,5
4:0Z 16 53 29.
4:1 17 53.1 29.1
4231 191 52.4 29.4
4% 203 2°3 23:3
5:00 220 hl. 28,

o
Final room temperature 23 C.
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Test on 10 H.P. Motor to get a curve
of temperature rise when motor is
enclosed in wall board box with no
ventilation.

o o
Time of Test, No., of Minutes. Temp, of Motor C. Temp., rise C,

2:08 0 24,6 0
2:18 10 28 3.4
2:28 20 30 5ol
2:3& 26 34 9.4
2:40 32 ag 13.4
2:58 50 23.4
3:07 ZR 51 26.4
3:18 70 8 43,4
3:25 17 13 4s.4

Box of wall board, 30 x 26 x 24 (high).
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Test run on 5 H, B. Motor to get its
temperature rise, Motor funning at full load and unenclosed.

Time of Test. No. of Temp. of Room Temperature
Minutes, Motor °¢, Temperature rise ©g,
6:25 0 20.6 20.6 0
6:35 10 31.9 20.4 11,5
g: 5 20 35.2 20.4 15.1
$55 0 Rs. 20.5 18.1
7:05 0 1,2 20. 20.3
7:15 50 Yo7 21. 21.
1:25 60 44,1 21.7 22,
7:35 70 42.6 22, 23,6
7:45 80 45,8 22.5 2 .2
1355 90 e l4 22,8 23,
8:05 100 47.5 23.2 2.3
g:15 110 Lg,5 23.5 25.2
8:25 120 49.3 23, 22.
8:35 138 5043 23. 26.4
8355 120 5le 4.4 26.
9:05 150 51.2 24,6 26.9
9:15 170 51. 24, 26.5




MICHIGAN AGRICULTURAL COLLEGE

¢
£
i <
. 2
Sitel: HH H
St H
HH HiTH i
HH i ]
: z
]
HE] T H
AR i
= {1 Mmu w
] tifl
o
E H i
HH
2 H
i |
bl
B
85 i3
]
: H




T 181 Sh1 29k £°92 G2l 061 QT34
m.ou 9lt £t m.m# m.mm 8°1L 08T monm
G'1h 08T 4T G°Sh g°S2 ¢°tl olt 1E
m.mm €91 08T T°S4 9°Ge L*0ol om.ﬂ m.m”m

G6°'g mma mma m.ms 9°Ge T°0l 01 151
M.mm T 2t 6°¢h g°62 2°69 oma ga:¢
&¢ 95T 221t *Ch 2'¢e 2°89 0¢T gTi¢
9°9¢ 841 92T H*eh 1°Se G*l9 021 1 H4
Ge*5¢ +#1T o2t ﬂ.Hm 6°he *99 0Tt gG:2
hege 1 ett 9°6 m.:m 249 00T mm“m
9°T¢ 9¢ T #0T el “he L't 06 32

*T¢ ofT 401 geee rAd T °Q 08 Ga:e
w.mm 821 96 1°l2 T*he 2°*1s ol gt:e

°l2 81T 98 9°he 0*4e 98t om 90:2
B gOCE F2opm oz an

. [ Y wo uH
Teet 06  w'Tz  9ie e o¢ 2t

Gleqt ] L*6 ge¢z ¢ 02 G2:1
0 0 0 8°9 2°€e ‘0¢ ot GT:T
0 0 ) 0 T°¢2 Te¢2 0 G0:T
‘Ten3oy ‘Teld
*3887 oTqno fexesjuy *eqnutm x8d 9897 ‘o8 1I *dwo] *dme] *S91NUTN *989]
nIq3} ITe JO 2wmnlOA ‘eXejUT Ul Ite JO £3700TeA *dwas wooy IO 10R Jo °*OoN 3o aumyl

*BUTPIING oY3 JO ST TSUT UO DPOTIILO 3€39 OTOUM
‘suotisuswip ewes oygq Jo adid e sem sxyesjuy ¢edid ,/ JoO

*3uU0T *3F 2
*3J 9 SBM 2INSOTOUS UO TeeY JO 3JUIToH

‘PejEITIUCA 3AQ PESOTOUS ST IOJOW USYM SAINO ©8TX oInjesddwseg 353 04 IOJOF °d°H G uUO 388]



. . . 0
- . .
. . ‘ . . B .
. .
R .
.
.
. . .
.
v . v ¢ i
.
‘. . ’ . ’
.
. . " »

.
* . ’ . .
.

. . . v v
. . . d :
- .
. B v’ . LRI N
B . 0 ’ *
.
v . . . . *
. S . . .
.
. . . . *
. .
. . B . *
.
. . . . *
.
. A . ' .
.
. . . ’ N
. « . > *
* . . . .
.
2 . ’ v .

—_ - . [ —




ot

0*\ an oo/ o

a§

(S FLANGS NS FslL

MICHIGAN AGRICULTURAL COLLEGE

oS SRES: —— -~ W,
{ | i
| | |
! {
4
|
i
| |
! | HHH
H |
! { W
T _ Ht it
-QNQG““.&P‘
T R O N e
| i
| !
i1 !
R
| {
o bas 3o 4
! |
i sl i3s3k,
1 i |
{ i

3 Az FEI wih s

of-

S

0

52

§&

ob

SH

05

R e e






08T 02:6

g29 g22 G6T 8¢ 622 L*99 .
#°16 222 06T m.:ﬂ 22 m.mm olt oH”m

5.9 202 oLt Gt 2°t2 M. 9 09T o0
2 262 022 2'th  G°12 *69 051 03:3
716 222 6T Gz L°te N.Mm omﬁ Ot:8
I 9hz 12 ¢°2h  6°02 2,59 0L T 0£:3
2°¢S 112 8lt m.mm 2°61 "29 02t 0c:g
-1 252 022 1°6 Gg*12 m.om 01T 0T:2
m. g 222 061 ‘3¢  £°T12 ‘6 00T 00:8
J44 che 202 1°l¢ G0z m.mm 06 053/
G265 822 G6T 6°He ‘02 1°66 03 ofsl
14 262 22 8°T¢ 02 g+25 ol 0l
2°¢h 83T qT g*62 202 *05 0 02:.
. m 3.1 GHT © 9%lg 46T 'l 0 0t:/
G2 HHT 0TI Te¢2 *02 T°¢ om 003l
Ge2¢ 1 ot1 L*lt  ¢°te 6 0 0619
wese 2t 06 G'¢T 2°'12 L 02 0%:9
0 8HT STt 6'8 1°12 ”mn o1 0£:9
0 0 0 0 T°'1e T°te 0 02:9

*1en3oy ‘1e1d
‘199 OTQNO fexBIUT ‘oqnuiwm xod 3997  cssjx °dwey *dwa]  esoqnuTR

nIYg Ife JO 2wnyo)  9XBIUT UT ITe JO L3700T9A *dma] wooOYy JI03OR JO °*ON *388% JO 2myg

(Buwring 3o opysino 943 uo 33 OT) odid 4/ JO *33 2T S°M 2INSOTOUS UO [EAY JO 3uBTey
*PESIBTTIUSA gNQ ‘TOSOTOUS ST I0J0W USUYM SAIND 9STI sanjerscmeg 363 03 JO00K °d°H § uo 3sag






MICHIGAN AGRICULTURAL COLLEGE

)

. ,
G

FEes 228 0

AR it

DEPARTMENT OF MATHMEMATIC

Tt “‘FH'F‘?P?‘}-
S

R

TR dR FeRasasea







I
- T W B IR G A
T G
f HEEHE i
i i i
H I 1 o
i , it :
3
£
+ 'S
B i
i
i
i i R
m {1 1 :
3 i
i ‘M
¥
o
<
z £
m 91
1 i ik ﬁ“v mm
H_ 3

st on S HP potor.




Motors, both &lternating ani direct current typs, are
built with the windings open in a much greater number than
those with the windings enclosed. This is due largely to
the fact that they operate in rlaces in which dust is not
prevalent, But in some in?tustries, such as flour mills,
grain elevators, cement factories, etc., the motors must
operate in very dusty places. If these motors are not
placed in rooms especially designedi for them, as in the
case of the st=am engine, they must be housed in smaller
and expensive enclosures, to be kept clean.,

Such an enclosure serves a dual purpose when viewed from
the insurance company's standpoint. It keeps the dust from
the motor and confines the fire in ease subh a misfortune
haprens, to the seat of its source.

The first point is an advantage because dust when mixed
with an olly vspor given off from the bearings, settles on
the windings and forms a very good barrier to heat radiatien,
due to its poor ability to conduct heat. The dust also
works in betwezn the rotor and stator requiring the mector to
carry an added lcad dus to the friction set uwp by the rubbing
oily surfaces.

The second point is an advant.ge because a fire started
by a motor is very likely to start any inflzmmable material
in the vicinity, thereby causing a much greater loss than
the motor itself. Hence, 1f the enclosure be built of a fire-

resistive materizl, thz motor would be the only loss in case

of a burn-out.







When such an enclosure is built, it mpst be venti-
lated in order thzt it may run as cool as when located in the
open.

The ventilation pipes must be run to the outside of
the building, and whenever possible, to the same side, so that
the wind-pressure would have no effect on the draft. In case
it i1s not possible to carry both intake and outlet to the same
slde of the building, some means must be devised whereby the
wind will ald rather than retard the draft.

When very large motors or generators are used, and
must be enclosed,a forced draft may be used very efficiently,
but in the case of smaller motors, natural draft must be used
in order that the system may be built and operated on an economi-
czl basis,

Hence, the problem of the enginecer is to find the cor-
rect amount of air necessary to keep the motor at the desired tem-
parzture rise with only the use of natural draft. In order to do
this, the correct head ani thes correct diameter of the pipe must
be known, or possibly przdetermined with some degree of accuracy.

But since very little data has been published in
regzard to this phase of engineering, we have attempted to make a
study of enclosed motors, ventilated by natural draft in order to
find a means whereby the correct amount of alr necessary can be
calculated, and also the proper ventilation head and pipe diameter

necessary to economically carry the air,






In order to first find the natural temperature rise
of the motor, it was run open, allowing the free passage of ailr
thru the windings as was iﬁtended by the designeds. Bhis test
was made mainly for the purrose of finding what margin of safety
is allowed for conditions which arise, that tend to reduce its
ability to operate in the manner for which it could be designed
in case such conditicns would not be introduced.

Then in order to find the oprosite or poorest con-
dition under which the motor may be made to operate, 1t was
entirely enclosedl, so that no zair could get to it at all, This
latter test shows very clearly that when operating under such
conditions, it can be operated at only very low lecads, or for
only a short space of time.

| The enclosure was then equipped with an inlest and
outlet consisting of 7" galvsnized iron pire. The inlet was
about two feet long and was necessary only to give the same
condition as when used irn actual practice, as the laws governing
the flow of air through an orifice ani through a pipe, are very
different. The outlet was of varying lengths. Each length
was decided upon with respect to the first, so that each head
would give a definite ultimate temperzture riss, with respect
to the first., The first length was chosen merzly for its con-

venlience,







The volumes of air used was measured by means of an
anemometer placed in the intake. Readings were taken at
intervals of ten minutes as in the case of the temperatures.
Because of the fact that the ancmometer did not give accurate
results, it was calibrated as stated previously under the head,
problems met in the thesis., The remults obtzined by the use
of this calibration, were those used in the computations for
finding¢ the amount of air necessary to absorb the heat given
off by the motor.

From th:s results obtained, computations show the
following:

Taken from the test on 10 H.,P. Motor, with 20 ft. heaj
for which test an ultimate temperzture rise of_usoc. was obtained.
But to allow for any small discrepancieés which may arise, the

)
temperature rise may be considered as being 50 C.

10 x 7;3 X «10 = 229 watts given off in the form of
°

heat.
The motor was taken as being ninety per cent efficient
which me:zns that 10% of the energy supplied is lost in the form of

hesat. '
1l B.T.U. equals 778 foot pounds of mechanical energy.

1 H.P. equals 33,000 foot pounds of mechanical energy,
" during the time of one minute,

_l%fggg_ = egquals 42.5 B.T.U. per H.P. per minute.
1 H.P, equals 746 watts,
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4o 8TV
Hence _7ﬁ2 » ,0569,per matt per minute.
Then 0569 x 829 equals 47.2 B.T.U.ziven off per minute
by thz motor,
According to the flow of air in pipes, the entire area
of the pipe cannot be considered as carrying equal amounts over

the entire area. Hsence according to the direct proportion,

24" actual dizmeter = 7,1" actual diamster or,
22" effective dizmeter X

X equ:ls -121 22 . 6.5", or effective dizmeter of pire.

Actual valocity in pipe as found, equals 286 feet psr minute.

2
285 x " x B.5 . .
bt 3Stgrfubic ft. per minute,being supplied to the

+0569 x 1000 equzls 55.9 B.T.U. per K.W. minute.
Then to find ths volume of air necessary to absorb the heat

equivalent of one K.W.:

660 x 56.9 . 79.5 cubic ft. which may be considered as 80 cubic :f{
47.2 al alemperaleore rise of 50°¢.

per minute necessary to abscrb one K.W. of equivalent heat energy,

According to Harding and Willard, the specific heat of air
remains practiczlly constant between the temperature O and 150 OC.
Since the spescific heat merely shows the ability of one substance
to absorb heat as compared to some other substances, and since the
specific heat of air is practically constant, the ratio at which °
it would absorb hesat at varying tempsratures, would be an inverse

ratio.
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Hence:

o
80 cu, ft. 4UC .t
X2 20 - .temp, rise or X = 59 x 80 = 100 cu. ft.
b 4 50 °¢c, n 5_5-0— o
necessary to absorb one K.¥. of ejuivalent heat energy at a 40 C,
temperature rise which compares favorably with results given by
the Standard Handbook for Electricz2l Engineszrs.

From Harding and Willard:

v -‘7/§gh A-B , where A ecuals weight of air at outsid: pire
A+B
temperature and B, Equals weight of air at inside pipe temperature.

Temperature, Dee, C. Weicht par cubic ft. in lbs.
1.67 « 0810
4.45 .0802%
(23 « 0794
10,00 .0786
iZ.SO .87788

5‘55 : ° l
15,32 orkid
21.15 .07267
23.90 L0749
26.&0 <0742
29.40 . 07356
32.20 .07289
35.00 . 07222
37.80 . 07157

C.60 « 07093
46,00 . 06908
51.70 «06790
54.50 « 06832

720 « 0667

0.10 « 06620

(Above table bss:zd on barometric prassure of 29,921"),
From thes Law of Charles,-P.T. = P' T', this 2nzabling one

to find th:s wsiocht at any barometric pr:=ssure.
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This intro’uces such a slight variation in checking the
head required for ventilation,th:2t it is unnscessary and impracticzl,

In order to find the effzactive heal with the valocity and
average temperature given:-

\'f -/2 gh _A-B

A+B
¢)
For an average temperaturs riss of 40 C which corrzsponds to

the average temperature rise in the Q_ft. head, as actually found:

Voa)/64.4 h x (LOZ495 = .06555) @ 644 x 0666 B

2 67.077195626.065657 ” *

Ve 64%.4 x .0 h or (230 = 64,4 x 0666 n
(Eo ) *

h = 14,71 « 3,45 feet height of head.
.25 ¢

0
For an average tewperature rise of 30 C. as assumed in the

cas2 of an eleven foot head:

Vs /2 gh X (007567 - 006 0 or h = 1 ° 1 500 ftoo
: S

(407557 ¢ «05790 ht. of head.
For an average temparaturs rise of 18 C., as assume in the

czse of 20 ft. headiw

v =7/2Lgh x (,07567 - .07093) or h = 22,8 11 ft.
(407567 # «C7093) 2.8 nt. of head.

For heais greater than 10 feet, the temperature diffzsrenos

becomes 80 low that its effectiveness drops below a practical
point.
D find the corr:zct diameter of the pips, the following

direct formula applies:-

Vol. = Vel. g 4

T D

D= Vel. x U4
Vol. x 7™
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In tssts of the 10 H.P, Motor with 6 ani 11 ft. head,
draft where no constant temperature was arrived at in a three
or four hour run, extrapolation of the heating curve gave us
the ultimate temperature.

The method 13 taken from Karaspstoff, and briefly is as
follows: Let the abscissa of the final point of the durva be

T T,, and

XI1L and the oriinate % and their ordinates, T 2’ T3

LL’ l)
Ty; Measure the ordinates and solve the equation:

To g2t the ultimate temperature rise, calculate any or

all of the following four expressions:

T

A a 1
1 -2
T

A = 2 -
1. 22
T

A= 5
1.2

My

A= ——p
1-2

The average of the above four equations was takzsn for tke

ultimate temperature riss.

o &







(10 H.P. Motor, 6 ft. head)

z 1VLE%:3_%Z;;. = .Vfgégé: = 1239 - B

A= 2Z - 21 = .530

1l -.117 «883
0
A= EI?%§72 = T§E%§ = 5342 pverage temperature, 53.620
(10 H.P. Motor, 11 ft. head)
zay/ 24-M.3. /337 . .21 - 471
V352-5 Ve © !
A- _ 2 = 23 . U435
1 - 471 .529
A= __35.2 . 35.2 - U5.3
1 - .221 2779
A= M3 = B3 - a6
1-.104 -89
Ly = 44 = Be ce tem t , U5, o.
A= T 5oL 45,3 Average temperature, 45.3

(20 H.,P. Motor, 20 £17 head)

2Bk T 7oH - e
R i+ A
42,6

. = 42,6 _ e
A= 1700336 T 3665
6.6 - 42,6 = 47
A= 77,0061 ~9939
= 1 4
B 1-%00111 = f%%ggg = 7Average temperature,43.85°.
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Curva twelve in which height head is plotted against
the ultimate temparature rise, shoﬁs plainly that bare metal
piping 1s not dependable above a certain helght for drawing
air thru the enclosura.- The draft created is due to the
hot air enclosed in the pipe rising, but where a height of
heai 1s used above 10 feet, the radiating power of the piping
1s so great that further additions of length are not effeotive

in appreciably lowering the tesmperaturs rise of the motor.



CONCLUSIONS.

In the past, very little has besn done in rezard to
ventilation of motors, and consa2quently very little or no
data 1s obtainable on this subject. Hence, in making the
test, many problems were met, which wers not anticipated,
and many conditions which, before the thesis, were not con-
sidered of aprreciable consequence, were found to be of great
importance. Hencs,due to our lack of knowlsdge in regard to
the subject, and to ths lack of time to make a second complete
test, some of our results dzpend upon assumptions which we
find to be more or less in error,

Ths particular cas:= t0 which this refers, is to the
calculation on the head necessary to give the correct flow of
air. We are inclined to believe that the rate of cooling in
the outlet ventilation pipe, is very similar to the cooling
curve ¢f the motor itself, but have no data to prove this.
When making the calculations, we considered the cooling in the
outlet pipe as being in accordance to a straight line function
which would necessarily give a higher average temperature rise
in the pipe than if the other type cooling curve was used., This
may be readily seen by placing Curve 2 against a light, turning
the sheet top for bottom (no end for end), and looking at the

curve from the back. Consider the actual ultimate Temperature



0/ the curve, as gero Temperatvre rr/sc

risgﬁor room temperature, and the actual zero temperature of

the curve as the maximum temperature of the pipe at a point

Just outside the enclosure. Consider the new abscissa as the
length of pipe used, and the ordinate, 2s the temperature taken
at equal intervals long the pipe. Then, if a straight line is
drawn from the maximum pipe temperature rise at zero ventilation
head, to zero temperature rise at maximum ventilation head, and
an average of the ordinates taken at equal intervals, the averzage
oriinats which corresponds to the averags temperature rise is
greater than the averags when taken from the cooling curve as we
believe 1t actually exists.

W2 are fairly confident thzt thes calculations with regard
to the amount of air necessary to absorb the heat given off at
various tamperzture rises, are correct, due to the fact that
they check with results given by the Standard Handhook for
Electrical Enginsers.

As a sugzestion to any others who might wish to carry
the thesis further, we submit thz following outline:

I. Find the efficiency and power factor for motors from
5 H.P. to 75 H.P, at the normal full-rated load.

(a) Czlculate the hzat lost from this data.

II, Bulld resistance coils to generate the same amount of
heat at the sams temperature rise as the motors.

(a) One coil with taps at the proper points, is sufficient
for the entirs test.






III, Build thes coils in the enclosurz so that the
temperature may be regulated by meiné of a thermomester,

(a) Vary thz ventilation so that the tempsrature may
be made to drop.

(1) From this dzta, the quantity of air necessary
is found experimsntally from different temperature rises.

IV, Place thermometers at intervals of one or two feet
ig outlet ventilation pipe.
(a) This will give ths radiation along the pipe from
which the average temperature rise of air in pipe may be found.
(b) By using different pips diameters, find the raiiation.

(1) By mathematics, the raiiation is inversely pro-
portional to the squarz of the diameter.

V. The va2locity of air in the pipe should be mezsured
with some degree of accuracy.

(A) This may bs dons by means of an anomomestsr or pitot
tubea,

(1) Th: =ffective dizmster of each pipe should be
calculated or found by experiment. This may be done as explained
in the trzatise on Hydraulics by Hughes and Safford, Pages 1lll and
112,

If desired, insulated pipes could be used in procedure as

explained under IV to find their effsctiveness.
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This outline, w2 believe, will give an efficisnt means
of going about the t=st in th:s future, ani is the outline which

ws woull follow if ws wars to r:zpzat the test.
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