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4)
DESIGN OF A HEATING AND LIGHTING SYSTEM

FOR

REMODELLED BUILDING OF THE UNION LITERARY SOCIETY.

It is the purpose of this thesis to investigate the

methods commonly in use by Heating and Lighting Engineers for

determining the amount of radiation required to heat a building,

and also for determining the smount of light that should be sup-

plied to a room in order to give satisfactory illumination. For

this reason we ehose to figure on a building that was to be con-

structed, and nenefit ourselves by being able to see the actual

results. The building for which we have designed heating and

lighting systems is that belonging to the Union Literary Bociety

of the Michigan Agricultural College, located at East Lansing,

Michigan.

As the art of heating buildings has been studied for

many years, we were able to find considerable data on the sube

ject; and arrived at quite satisfactory results by several met-

hods, which agreed with each other within reasonable limits.

However the reverse is true converning illumination, almost no

data being available at this time; in fact authorities differ

very widely as to the desired result. Naturally illumination

. may be said to be an inexact science. Expreience seems to be

the basis of figuring. Therefore we took the advice of an en-

gineer who had had more or less experience along this line, andit

was by his methods that we made our calculations for lighting. The

rule may be said to be sort of “rule of thumb" method but bt

seems to be a good one, and gives quite satisfactory results.

264791
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The rule is, for ordinary heights of ceiling, (from 9 to 15 ft.)

allow one 16 candle power lamp for every 66 square feet of floor.

The heating and lighting system as planned in this

thesis are to be used in the remodelling of the buildidg of the

Union Literary Society,with few minor changes,and it may be of

some interest to note the results.

A word might be said with regard to the piping as is

shown by plans. One must bear in mind that this is not a new

installation and it was @esired to use as much of the old system

as was consistent toward securing satisfactory results, and at

the same time keep down expense. The lighting system is to be

entirely new, none of the old wiring being used.
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Methods of determining the radiation required.

(1) By the wall losses. (See tables)

(2) Carpenter's Method #1

( CN + W4G)d& losses in B.T.U.
55 4

or 1 (CN+W+G ) d= Sq. ft. of radiation surface
290 55 4

Where
C = Volume in cubic feet.

W =— Wall surface in square feet.

G - Glass surface in syuare feet.

ad =difference in temperature on wall.

| 1 for ordinary rooms.
N —1.5 for corridors e- depending on tightness

2 to 3 for vestibules. of room.

(3) Carpenter's Method #2

(W+G ) dn - Square feet of radiation required.
| 4

¢4) American Radiator Company's Method.

ReG+W+cC s
2 20 200 Square feet of radiation required.

(5) Volumetric Method.

R w Volume divided by a constant K, which is 40 for or-

dinary exposure, and is 38 for rooms having a severe north

or west exposure.

(6) See tables showing a comparison of the different methods.
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WALL LOSSES

A single wall having a thickness X is exposed on the inside

to room temperature t, and on the outside to the temperature t,

which is less than t, . (See fig. 1). There are two othsr tem-

peratures to be considered t, and t) of the inside and the outside

of the wall respectively.

The following relations exist.

t.> ti >to>to | (1)

otherwise heat does not flow across the system,

Let a, and a, be respectively the constant which

multiplied by the temperature differences ( t,<- t;) and ( toe oe)

will give the B.T.U. tranemitted per hour per sq. ft. of wall

surface.

Evidently, a,(t,- t\) - ao to t.) (2)

The coefficient of conductivety “e* is the B.T.U. which a wall

of 1 inch thickness will transmit by conductor per hour per sq.

ft. of exposed surfacw# per degree difference of temperature.

Evidently, @ (t,- t,) = a,( t,- t!) = a,( ti- t,) (3)
x

A double wall of thickness X with air space and

temperature conditions as shown on fig. 2; by a similar reasoning

we get equations (4), (5) and (6).

t, >t! ot>tthot, (4)
a, (t,-t!) = af(t,-t,) 2 a(t,-t)) = a.(t,-t,) (5)

a, (t,-%)) 2 a'(t,-t2) = o2(t,-t,) (6)
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A compound wall composed of two materials as in fig. 3

may be considered as a special case of case 2, in which the air

space is zero. By analogy,

 

e, (tr t,) = aol te- ts) =a, (t,- t)) = a(tt,) (7)

t= elt, ext:
xX, xX 2 (8)

Cy C2
x, XZ

For convenience it is desirable to have a formula

for any combination design of the form K(t,- t,) in which

K is the B.T.U. per nous per square foot per degree difference

in temperature.

 

 

 

1 .

Therefore in case l, K = _ (9)

24142
a, ate

In case 2, Ke. 1 (10)
typ h yh eh 4X42
ataaae,e,

2424% 4% |

These values of K have been worked out by experiment

and otherwise by a gpeatmany experimenters, and these values

were used im computations; except for the wall itself, in which

case we solved equation (10) for a value.

VALUES OF K USED IN COMPUTATOONS.

For outside wall e--c-c---22-eK = .25

Por ceiling c«cWnceeseneeceeeeeK = .10

For glass windows eo-------22-K = 1.065

For Door ------------eecnnne-K = .41
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For two column radiator of cast iron we find, that

unit radiation 6 1.66 when the temperature difference 155

O° o oO

2259 = 70 = 155

1.66 x 225 257 B.T.U. per square foot of radiation

per hour. 250 was used in computations.

Leakage correction was applied for all rooms.

L «one (t,- t.)
|8

Where n number of changes of air per hour by leakage.
(n - 1 for ordinary houses)

Cc volume of room.

ty, inside temperature 10.

t, outside temperature 0.

 

Allowence for north and west exposure

10% of the corresponding losses additional.
 —— — —

In ball-room an allowance was made for high ceiling

being 14 feet high.

tet .015 (h - 10)t

t, =head high temperature.

t,,=mean temperature of room.

h =height of ceiling.

Allowance was not made for intermittant service as

heat is supplied day and night.



Determination of K for wall.
OF A L10r

 

 

 

L
pulby baby Xu kz
ay at attaTete.

(See Fig. 4 )

@,=c + a+ | 4c +3a)T
1000

 

=1.23 + .744 (4x1,.23+ 3x.74)14.4 = 2.0728
1000 |

aya 62 +. 14+ (4x ,8e2 +3 -x 274) 14.4 — 1.64
1000

al=.82+ .744+ (4x ,.82-+3 x .74 1.8
fsTA)1B

@o21.03+.744 (4x 1L.03+ 35 x .74 ) = 1.78
1000

1.59\\
)K 1 =— .2458

= 7 I a
3Z.OFt 3.8SatTBT57 +L7a+56+96



LOSSES
and lower hall.

WALL
 

Ball-room, Parlor

To Exposure Surface Dimensions Area in t,- to K K(t,-t,) B.T.U. Sq. feet
Sq. feet F° Radi ation

Ss Wall 48'x 14! 576 714.2 i .25 18.5 10670. |
2 S 4Windows 8 x 3 96 " 1.03 76.4 7340.
5 E Wall 28 x 14 520 " . 25 18.5 5920.
L E SWindows 8 x 3 12 " 1.03 76.4 5510.
) W Wall 28x14 320 " ~25 18.5 5920.

W 3Windows 8 x 3 72 " 1.05 .76.4 5510.
N Wall 19 x 14 242 " 2 25 18.5 4475.

3 N lWindow 8 x 3 24 " 1.03 176.4 1835.
) 10% of N. and W. Exposures 1774,
0 Leakage 23940.
LL Total Losses 72894.
2 Square feet of radiation 290.

, W Wall 12 x 10 120. 70 25 17.5 2100.
E Wall 12 x 10 100.5 “ 0 25 17.5 1752.

) E 1 Window 64x 3 19.5 “ 1.03 72.1 1406,
N Wall 20 x 10 161. " 25 17.5 2817.
N 2 Window 64x 3 39. " 1.03 72.1 2812.

} 10% of N. and W. Exposures 7193,
| 10% for fireplace 1167.

Leakage 5360.
Total Losses 16194.

i) Square feet of radiation 65.

W Wall %% x 10 Sl. 70 25 17.5 892.5
W Window 8x3 24. " 1.03 72.1 1730.4

} E Wall 1% x 10 67. " 25 17.5 1172.5
3 E Window 4x2 8. " 1.93 72.1 576.8

N Door 5 x 8 40. " 41 28.7 1148.0
10% of N. and W. Exposures 377.1
Leakage 2910.0
Total Losses | 8807.3
Square feet of radiation De

0 Total radiation required 390.



WALL LOSSES
Upper hall, library and den.

-Exposure Surface Dimensions Area in t,-te K K(t, -t, ) B.T.U. Sq. Feet
Sq.Feet F® Radiation

W Wall I x 36.7 70 .25 17.5 - 642.3
W 1 Window 3 x 6 19.5 70 1.03 72.1 1405.9

Ceiling 18 x 7 135. 350 .10 5.0 . 405.0
10% of west exposure 204.8
Leakage 1546.3
Total Losses | 4204.3
Square Feet of Kadiation 17.

Ceiling 1) ¥ §* 204. 30.10 3.0 672.6
Leakage 2975.0
Total Losses 3247.6
Square Feet of Radiation 13.

E Wall 28x 7 151.5 70 .25 17.5 2651.3
E 5 Windows 3x "4 58.5 * 1.03 72.1 4217.8
S Wall 9 x 94.5 " 25 17.5 1653.7
S 2 Windows(# x 6i, ) 39.0 * 1.03 72.1 2811.9
N _ Wall x cf 48.0 " 2 25 17.5 840.0
N 1 Window 3x 19.5 * 1.03 72.1 1405.9

Ceiling 19 x 532.0 30 .10 3.0 1596.0
* 108 of north exposure 224.6

Leakage 6710,0
Total Losses 32161.2
Sq.Ft. of radiation 90,

" Wall 13 x 5 65. 70 .25 17.5 2137.5
N Wall 20 x 9 141. " 020 17.5 2467.5
N 2 Windows 3 x 64 39. “ 1.03 72.1 2811.9
W Wall 13 x 5 57. " 220 17.5 997.5
W 1 Window 2x4 8. e# 61.03 72.1 580.0

Ceiling 20 x 13 260. 50 .10 3.0 780.0
10% N. & W. Exposure 685.7
Leakage 2978.0
Total losses 13438.1
Sq. Feet of Kadiation 59.
Total Radiation required 179,



-Exposure Surface Dimensions Area in t,-

WALL LOSSES

Three Dressing rooms, and lavatory.

to. K K(t,-t.)
Sq. Feet /°

Ceiling 144 x 10¢ 149. 30 «w10~—S—=«*8="CD
N Wall 1@ x 10 55.5 70 25 17.5
N Window 3 x 6¢ 19.5 70 1.03 72.1
W Wall 10# x 7 57. 70 .25 17.5
W Window 3 x 6 19.5 70 1.03 72.1

LowCeiling 4¢ x 10 46.1 30 10 83.0
10% of N. and W. Exposure
Leakage
Total Losses
Square feet of Radiation

Ss Wall 124 x 7 74.2 70 25 17.5
S Window 3 x 6 19.5 70 1.035 72.1

Ceiling 124+ x 10 128.0. 30 ~ 10 3.0
Wall %%x 3 22.5 70 25 17.5

Low Ceiling 3 x 5 15.0 30 LO 3.0
Leakage
Total Losses
Square Feet of Radiation

W Wall 10+ x ct 59.2 70 25 17.5
W Window 3 x 6 19.5 70 1.03 72.1
S Wall 12% x7 74.2 70 25 17.5
S Window 5 x 6 19.5 70 1.03 172.1

Ceiling 124 x 10 128.0 30 .10 3,0
Ceiling 3 x 5 15.0 30 .10 3.0

10%-of west exposure
Total Losses
Square Feet of Radiation

W Wall . 64 x 7 29.0 70 25 17.5
W Window 3 x 6 19.5 70 1.03 72.1

Ceiling 64x 8 48.7 30 10 5.0
10% of west Exposure
Leakage
Total Losses
Square feet of Radiation
Total Radiation (Square feet)

B.T.U. Sq. Feet
Radiatio n

447,
971.3

1405.9
997.5

1405.9
158.5
478.1

1705.0
7549.0

50.

1298.5
1405.9
564.0
594.0
45.0

1459.0
4976.4

20.

1036.0
1405.9
1298.5
1405.9 |
548.0
45.0

270.5 —
1 ®

50.

507.5
1405.9
146.1
191.4
652.5

5883.4

~ c
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Table showing comparison of results by different methods.

Square feet of radiation required.

Method 41 #2 #3 #4 #5 Used

Ball-Room 290 270 264 300 470 350

Parlor 65 55 45 60 65 65

Hall 65 65 75 80- 85 55

Library 90 80 55 100 125 125

Den 60 45 50 50 60 65

Dressing room 50 30 20 55 45 350

Lavatory 15 10 10 15 15 15

Dressing room 30 30 20 30 30 30

o
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Dressing Room 20 20 15 20 30 30

 

Total 6656 605 5354 690 925 1745
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Estimated Cost of Illumination.

  

Room Eatimated hours K.W. used
used per week. per week.

1 10 10.640
2 3 4.200
3 20 . «900
3 6 270
3 6 «420
4 § 1.960
5 15 5.780
6 1 e112
7 10 - 660
8 6 280
9 50 1.680
toilet 2 056
porch S 2056

K.W. Hours per week 12.194

At 10 cents per K.W.hour the cost per week would be $1.22,

Cost per month (30 days) $5.24 |

 

wethod of calculating the necessary illumination.
 

Allow one 16 C.P. lamp for every 36 square feet floor space.

Candle power needed — Area x 16
| 56

Tungsten Lamps use about 1.25 watts per candle power.

Carbon Lamps use about 3.5 watts per candle power.





COST ESTIMATE.

Fixtures.
3 - 4 light chandeliers @ $8.50
8 - 1 light wall brackets@ ~90
l- 2 light chandelier @ 6.00
2-1 Light ceiling globe@ ~60
6 - 1 light den brackets @ ~50
2 - 1 light wall brackets@ 2.00
5 - 1 light sockets & wire@ ~50
1 = 1 light wall vracket @ ~90
1 + 1 piano lamp @ 3.00

Glassware for fixtures
9 - 6" globes @ » 20
5 - 7" globes @ ~ 20
8 shades @ «30
2- 6" Ceiling globes @ ~ 20
6 shades @ 200
2 shades @ ~50

Lamps.
20 = 70 Watt tungsten lamps @$1.10
2- 45 @ .70

L2 - 16 C.P. Carbon Lamps @ .17
@ - 8 C.P. " @ .15

Switches etc.
10 = Push button switches@ 1,00
& = Snap switches @ 020
1 - Socket or receptacle@

Fuses, distribution panel and wire.
14 - Fuses & plugs @ 015
1100 feet #14 DRC wire @ 02
200 feet #10 DEC wire @ 02
8 «- outlet, fuse box @ 8.00
Labor of wiring

Tubes
Knobs
Loom
Tape
Solder

Total Cost

1.00 —

— $25.50
7.20
6.00
1.20
5.00
4.00
1.50
90

35.00
 

22-00

204
1,20

10.00
75

1,00

Re 10

22200
4.00
8.00

20,00

5.00
5.00
35.00
1.00

-10-

$ 52.30

$ 8.30

$ 26.64

$11.75

$ 66.10

$ 14.25

$179.34
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