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Chimney Dimensions

The area af rross sections for a chimney depends
upon its height, and upon the amount of coal 10 be
lurned, or ruther the size of the boiler. The talle
below, by Praf, R, C. Carpenter, hias been found to give
good rt“mlﬁ.

The “Spences” requires no different chimney area
than is required by any other reputable bealer, The
table is the recognized standard for flues as used by all
boiler makers, This can be readily seen from compari-
RIS,

Standard Table of Chimney Dimensions

It is necessary that area and height, thickness of
walls, general structure, and the pasition of the lop
autlet with reference to the hnilding and other build-
ings near by should be carefully noted and oliserved
in selecting or building a fue,

The figures given under the varying heights af chim-
neys are diameter measnrements ininches, or the side
of a square—the theory being that the spiral ascending
column af smoke and gases will make a 12 by 12 inch
flue fo more extensive m practical working ares than a
[2-inch round flue, Rectangular shapes may be used if
the arex is equal and the differences in width and length
are not exireme,

Diameter of Chimney in Inches Required for
Varying Amounts of Direct Radiatxon

Direct Radiztien

Steam in WWater in Height af Chimney Flue
Square Feet Sqaare Feer 10 £, 40 £ 50 N1, 460 fo, HO 1.
250 Fi] 8.
S0 750 92 B8R &2 &
75i 1150 15 102 96 931 88
LLY 15000 12 114 108 05 10
130K 2250 144 134 128 124 115
ZiNK) JCHA) 163 152 145 14, 132
JEHD 4500 185 182 172 166 1348
A0 G000 222 M8 194 19. (74
500 70 246 23 2la 2L 9.4
00 SHM 268 25. 234 228 212
7000 1050 8 2. 255 244 23
HOOD I 20HK1 M6 286 208 260 242
SN YA50M 124 304 284 274 250
JILEES] § 5000 M, 2 O #e 27

Diameter of Chimney in
I|s|’_‘||f_'\'.

Spencer Super Standard Heater

CHIMNEYS
Their Design and Construction — Common
Chimney Faults
{By Courtesy of The Hentlng mod Ventthating Magaeine!

Chimneys are one of the oldest and most nseful in
ventions coneeived by man,  They are of greater and
more fundamental importance than ansthing that any
modern inventer has contrived It takes engineercing
ability 10 make a good chimoey, |I1IJ one st under-
stand the Jaws of nature which apply to their constroc-
tian and  pperation,  Maodern  {actory  chimneys are
trivmphs of scienlific construction, being buile tall in
arder to maintain a large, het fire, and the heated air
anil gascs pour up |'||r||1l:_':|| some of them with the
velocity of 2 small hurricane of thirty-five to forty
miles an hour,

Each cne ol us is tlirectly affected by the size of the
chimneys wsed in the world to-day, many of the trils
and tribulations of our journey through this vale of
tears being directly tracealile to them. This, however,
s not 50 much the faalt of the chimney as it is of the
persan who built them and either deliberately transgress
nature's laws or are largely ignorant of them.

Most Commeon Error in Chimney Work

The most commaon ercor made in regarnd ta climneys
is that of not distinguisting between [llk. sizee (which
governs the velume of smake they can handle) and the
height {which determines the intensity ol the draft).
A chimney may be high enangh, yvet with an area lL.n
amall to do the work required.  On the other hand, i
Ly ||r l;]fkl_ Llll‘-l.]j.,h bug oo ||.l'.‘. 10 |'I'|'|'|||.1||.l. i |'|F.|.I:|_ f)l
the sirength required to pull the aic throogh the fire
and up the chimney at a suficiently rapid rate, Either
fault, or a combination of IJ:ltIJ will result in unsans
factory service and will require remedying.

Basic Principles Involved

The easiest way o vnderstand the operation of o
chimney is 1o consider the great faw of nature govern
ing its aperation, [or there is, indeed, nothing so very
mysterions about the process. The same farce shich
supports the toy balloon and operates the hot-air
furnace causes the deaft in the climney.  This is the
simple Fact that heated wir L"\E‘Irlll"' and occupies a
greater volume than the ather air of a lesser tempera-
ture, Therefore, if o eubic foot of air guiside the
chimney weighs 0.07 pounds and a cubic foot of the
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chimney pases at their higher temperature weighs only
0. pounds, then every vertical Eoot of air in the chim-
ney means an unbalanced pressure of 007 — 004 or
003 pounds per square foot at the base,

This unbalanced pressure has a tendency to equalize
by the rising of the lighter gases, but since their first
place s token by more heated gases coming directly
from the fire, the temperature, of course, never does
eoualize and the action continues 115 operatian as long
as the fire is kept burning, ;

From this basic principle all chimney action is gov
erned, and many chimney failings can be exphained.
For instance, the deaft of a chimney is never as g
inosummer as in winter—because the outside air is
colder in winter, the expansion of the chimney gases at
the sarme temperature is therefore relatively greater and
the intensity of the chimmey draft is consequently in-
creasedl,

It is a well-known trouble with chimneys that when
out of use for any considerable period trowble s likely
to he experienced in “starting the draft”  This is
easily explained by the fact that, in stanting, the cold
chimney will cool off the goses 1o a point where their
temperature may be the same, or nearly the same, as
the autside air, thus causing them to contract and Jese
their buoyaney.  This, of course, immediately cesults in
killing the draft, a5 the draft depends absolotely on a
emperature difference and  the expansion  resulting
therelram,

Ordinary residence chimneys have little trouble on
arconnt of height owing to the fact that most resi-
dence Teativg systems burn large size anthracite eoal
which makes a very hat, clear fice and oifers little re-
sistance to the passage of air through the fire ed, In
Farct, many of the plder raillroad stations and similar
places vse eoal stoves with anly a stove pipe extended
through the roof, this pipe seldom being aver 10 feet
in height, But an atterapt to burn smaller sizes such
as pea and huckwheat would he doomed te failure
under sach conditions.

The ordinacy residence usvally emplovs a chimney
Letween 25 and 60 feet high, the area being propor-
tional to the size of the house, and it is interesting to
note that it is possible to burn No. [ buckwheat coal
with chimpevs af the heights as mentioned abowve, if
the fire hed is not made too thick, Down-draft boilers
shonld have chimneys at least 60 feet high to operate
siecess fully.
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Common Chimney Troubles

The more comman tronbles may be summarized s

(a) Chimney of bad shape—not approximately square
or round, ar with oo many alfsets.

(h) Too small a chimney,

(r) Too low a chimney,

() A combination of (a), (&) or (),

(#) Too fmuch leakage.

(/) Dowrdralts,

(1) Lack of air supply [or fire

(%) Loose conneclions o chimney.

(#) More than ane smoke pipe connected.

(fy Stoppage in affsets,

(&) Inserting smoke pipe oo far into chimney.

(f) Chimpeys with 4-inch walls and Bue tibe—where
flue tile is not cemented solid (o brick work

Clhimmneys have o evercome their own losses, these
lasses consisting of the friction of the gases rubbing
against the sides in their upward passage. For this
reason a circolar-shaped floe is most desirable, there
being less surface exposed in comparison 1o the area
than in any other shape. Most Tagh stacks where the
friction builds up 1o a considerable amount are, there-
fore, made round in cross section,

The next most advantageous shape is sguare, and
the next, after that, is obvlong with the loog side not
more than one and a hall the length of the short side,
In Aues where it is necessary 1o exceed this proportion
two separate (lues of more desirable shape can some-
times be used with advantage,
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With the same idea of reducing the friction of the
wases on the sides, it is most desicable to build 4 chim-
ney Hue straight from tap to botlom, as all changes n
direction, or even in shape, produce an additional fric-
tion loss, as does alse the condition of the interior sur-
face. The smoother the surface the less the rubbing
¢ffect, and for this reason the vse of flue tile is advo-
cated, this being tile flue pipe made in various faorms
and shapes and with a very smooth intecior sorface.
Fig, 1 shows a plain brick chimney witheot tile and
Fig. 2 the construction of a chimney using fue tile,

From the above it can be seen that the most eficient
chimney, so far as the draft is concerned, is one built
perfectly straight from the bottom wp, roond  (or
nearly raunidy in the shape of the interior Hue, and
lined with tile, or with the interior surface made as
smaoth as possible by ether means, There is no ad-
vantage in tapering the inside of o chimney to a smaller
size toward the top, as this retards the Qow of the
gases.

=0 |
s s Flie [T/
!
i

¥ig. 2

Having a chimney built apan desicable lines, so far
as draft s concerned, it may, of course, still be too
small, and in this connection it might be said that no
flue shewld be made less than 8 inches diameter or B
by § inches square. Under erdinary conditions, with
steam, furnace or hot water heating, the sizes af Aues
piven in Table 1 will be found to give satisfaction in
residences whose cubic footage does not exceed the
amonnts shown.
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Table 1—S8izes of Flues for Residences, Inside

Dimensions

Contents af Bosding T Round Sapuare
Cuihie Feet Ioches Diameler Tnchies
20,000 8 x4
EUNELY 0 9 xG
], (XK 110 10 = 10

[ 10,000 12 2% 12
1201, 00K 4 4xH4
IRIRE L] 1 6% 16
L5000 18 18x 18
21,0 2D 20 % 20
250,00 2 2x2d
300,000 24 24 x 24

Al chimmey walls should be 8 mehes thick to avaid
danger of Are from sparks working through the joints,
and the building laws in gome cases demand not only
J-inch thick walls, but tile linings as well,

Additional Advantages of Round Chimneys

There are also other advantages in building chim-
peys round (or nearly rovnd) and in the vse of Aue
tile. The gases in their progress upward do nol move
in a straight line, bat assyme a swirling spiral metian
resembling the rifling of a gun barrel, and in the process
of awling this movement a circular shape is best

[n fact, a square chimney can hardly be Ggured as
Laving its full area effective, a deduction af 10 per
rent, t0 13 per €entl. being necessary an account of this
very movement leaving the corners dead and inactive.
[v an oblong shape the effect is worse, a deduction of
25 per cent, seing pone too much,  The use of ble fAues
will not only aid this slightly—oawing te their rounded
corners—hut will alzo safegoard much of the fire sk
olherwise due 10 moriar falling aut between the bricks
as time passes and leaving openings through which a
spark might pass.  As the tle serves to refain the
gases anid smoke, it also prevents leakage which can
spoil a climney action ak any fime, no matter how per-
fectly the Aue may otherwise be built, provided tile fue
15 sel an cenment and that ne air space be left between
tile liner and walls
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The height of residence ehimneys, as hefare men-
tioned, is not =o impoertant where the large sizes ol an-
thracite coal are wsed,  The draft, however, cught o
approximate in inches af water the varions values given
in Tahle 2 after being in vse twensy-four hours and
with all the inlets suddenly closed. )

The figures given are abont 90 per cent, efficiency of
the theoretical dralt which an absolrtely tight chimney
wontlel sl and a '|||'|:-r||‘l'|].' |.'r.ll1,~t!'lll.'|:l.'(] l."llill'll'll‘}' shonld
npproximate these hgures,

Table 2—Draft in Chimneys for Residences

Meighe Temperature of Chimney Gases, Deg. F.
wn n= 250 LTI

Feet Inches of Water
i) 0.z7 (.22 (.35
a5 0.25 0n.zo (.32
Ll 023 (.26 029
43 .21 0.23 )20
i .18 0.2} 023
33 .16 0.19 0,20
30 014 011 017
25 012 0.14 14
20 (L0 0.1 @12

Method of Using Draft Gauge

Measurement of the draft in a chimney is made Ly a
draft gauge, which, in its simplest form, is nothing but
a pglass tube of U-shape, one cod of winch is t‘l‘lH!IL'L'tL'l'l
1o the base af the chimaey and the other end is lelt
open to the air.

The suction oe dralt of the chimney will rase water
placed in the tube sa that the water in the leg cou-
nected 1o the chimney stands higher than that an the
leg open to the atmosphere, this being due to the un-
balanced pressure and propartional theceto,  The dif-
ference n level between the two columns of water
ie measured in nches, this difference being termed the
draft in “inches of water.! Some draft gauges have
the legs of the U inclined anly a few degrees off the
harizontal, so that a rise of a small amounl cagses 5
Yarge movement hocizentally along the neclined tnhe on
which finer graduations can be read.
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3.s

Ellisan Portable Diffierential Drai Gauge

To take a theoretical draft resding (which is the
most accirite method to porsue) see that the tempera-
ture of the foe gases 15 known at the time of taking
the reading and that a Geht damper can be closed in
the smoke pipe. Cannect the draflt gange with the
ehimpey, take the Que gas temperature and then quickly
clase the smoke pipe damper and read the draft gange
a5 soon as it reaches the highest Gxed point

Chimney Leakage

Leakage may take place not only through the joints
nf the chimney itself, ot through the connections to
the chimney, For this reason a separate chimney fue
far every connection is advocated.

A stove on the first Ooor and a hieating apparatos in
the hasement may he conuected 1o the same Hue; if i is
farge enough both may work satisfactanly ) but pul out
the fire in the stove and apen the doors, the inrash of
cald air into the Aue will spail the drafe for the heating
apparatus, this inrush of air being simply excessive
leakage nto the Aue all at one point,

The leakage may nol even come from the outside aic
[t may came from an adjoining Aoe, in which case it
is just as deirimental in its effect.  Far this ceazon
rhimneys with more than ane flue shaold never be huilt
without a 4-inch brick wall hetween the flue tiles, The
common  pracice of placing Aue tile close together
without this brick wall Jater Teads to trouble in many
chimneys.

Several boilers mav be connected into one fue of
sufficient size if they all are properly dampered in the
smake pipe with vghl dampers and if these dampers are
kept closed when :{Iu: boilers are ent aof cammission.
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Use of Two Flues for One Apparatus

Questians are often asked about vsing two ald flues
for one apparatus when it is desired to make alterations
in an exsting building, T this regard it can be said
that reasonably satisfaclory cperation can be *_sugrurl_'f]
froan such an anstablation i the dividing partitien is
lnoeked out 5 or 6 {eet down Erom the tap of the chim-
ney and up to 5 or 6 feet ahove the paint where the
smake pipe enters the climney. There must be no
ather conmections to the chimney, howewver, and the
chimney must be in good condition otherwise to serve
its purpose; the best resulis will Le altaned where the
smoke pipe enters the middle of the enlarged chimney
4o as to distribute the hot gases as equally as possible
inta both fAves higher up, O course, the center parts-
lion remaining exposes just so much more rubbing sur-
face to the gases, giving a greater friction loss, and the
climney will give better service, atherwise a_ sironger
draft, if the center partition is removed entirely.

Other Chimney Defects

Oftentimes chimney troubles are eatirel due to out-
siide canses and pel ta the construchien o the chimney
self. The most frequent of these is the termination
of a chimoey below the fevel of the adjacent ridge of
the roof or other nearby obstruction,  Even nearhy
buildings or mountains wmay interfere with the opera-
tion of a chimney, the cause in all cases neing the wind
coming over the higher ohstruetion and dropping dawn
ento the top of the chimney, As can be easily l'l'.'.'l]l?:l:d.,
chimney draft (after deducting the friction in the chim-
ney, in the heating apparatus, and in the fre and smake
pipe) does not possess a great force, and a high wind,
with the air droppiog down toward the top of he
chimmey, could readily hold hack t'.m:'m:ucn, and, in
some cases, even result in “hack-drafls.

The Lest remedy for soch teouble 15 1o extend the
chimney higher so as to get abave the nearhy T‘Id.l.}l.‘. ar
boilding if poessible,  This at the same Lime will hioth
prevent the wind droppmg dawn onto the top of the
climmey aml will give the clummey (due to the increase
of its height) a stranger draft to resist such actan
[f this iz impractical one of the many types of chimney
tops having side or dawrwird  outlets \':'L'Il prevent
“ackodraits,” but these will at the same time slightly
retard the climney action, due to the greater numbier
af turns the gases are forced to make and the addi-
tiomal Erictien thus produced,
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chimney se Far as to project into the interor opening as
shawn in dotted lines—Fig. 4—since this restricts the

A very desitable brpe of chimaey top, where “down-
r]r;ll-h.“ are mol lik-:;l_l.' Loy Lz |'|'||'|.l||III-:;:|'|,'|1I CONSi&ls l_'pi
finishing off the top at 2 45 degree angle all arcuomd
from the fhie outler to the side of the chimney, as
shown in Fig. 3. This results in deflecting horizontal
winids ppward when blowing acress the top of the
chimney and gives a slight ejector action, helping to
draw the gazes up and out of the chimney.

Fiz. 4

Trouble with chimmeys may also be expericnced on
certain davs when the eellar door comes on the leeside
af the buillding or when the cellar 33 so air tight that
sufficient air dees nat leak in to replace that lost up the
chimney, This sesults ina partial vacoum in the cellar,
which vacuum reacts agzinst the draft that would other-
wise he obtained. The remedy for this 8 to open a
cellar windaw an the windward side, close the opening
to the leeward, o clse provide some means of allowing
air to enter from some oiher source where the wind
action is not encouniered. :

The comnection to the ehimpney commonly termed the
smoke pipe is another factor which must be considered
The smoke pipe should never be reduced below the size
of that oo the heating apparatus; if more than one
smoke pipe is connected mta a eommon pipe before
going inta the chimney the arean of the common pipe
shondd hmve an area equal to the combined areas of the
twn entering pipes. A Inose connection where the pipe
ciiters the chimney, a locse-Gtting clean-out door or
other apenings leading into the chimmey will act the
same as a leakage from any other sonrce,

Neither should the smoke pipe be shoved inte the
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area and if carried to an extreme will shut off the draft
entirely. Every smoke pipe should have a tight damper
operated by hand for closing down during high winds,
for testing and for use when the apparatus is out of
service,

Chimneys which have given good service for years
and which then gradually fail to have sufficient draft
usually are found to need cleaning, and chimneys with
offsets at a sharp angle are usually troubled in this
way. A cobble stone tied to a rope and dropped down
gradually from the top of the chimney, working this
up and down as it goes down, will clean out many such
troubles at slight expense.

A leaky chimney flue may be easily discovered by
placing a bag over its top, then building a fire of paper
in the heater, thus filling the flue with smoke. If
poorly constructed the smoke will pour out through
any cracks or crevices,



