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Make Your Furnace-DeSigh
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that are issued lail to accomplish their
objective. So far as furnace designy are
concerned, they surely fail if we assume
that the objective is to receive bids that
are truly comparable,

The furnace-design problem with all
its interrelated variables is complex and
difficult at best. Probably for this rea.
son engineers who write specifications
are somewhst reluctant to tie the
designer’s hands too tightly. But they
usually do take a hand in the problem,
at least to the extent of specifying a
value of Btu per ¢u ft that s not to be
exceeded. "On some occasions they
specify, as well, the maximum tempera-
tute of gases leaving the furnace. But
they don't qualify by stating how the
temperature is to be taken. Behind al)
this is the specification writer's dealre
to control something.

The fumacedesign problem will
probably always be a field of some dif-
ference of opinion, That Is no reason,
though, why we should not strive In
every way possible to clear up thinking
on the subject. At least let’s avoid use
of terms that tend to further mis.
understanding.

Heat Ralegse, What the specification
writer tries (0 control, of course, fs the
temporature of goses at those polnta
where slagging trouble i first likely
to make itself felt. When he does this
through the medium of o value of Biu
per cu ft, not only is he doing it jn o
very indirect manner but he also gots
no control. Unill he further ties this
value into a particuler kind and extent
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how to vary this value for turnaces
of different sizes, he has no controlling
factor,

Almost every engincer realizes that
the bounding surface docs not change
propertionally with volume. Yet a great
number of engincers continue to use
Btu per cu ft—s term that disregards
this truth. Why is this?

For one thing, habits of thinking on
furmace designs have been formed
through o long period that knew no
better guide. For » second, a large
number of engincers do not appreciate
the danger of too much reliance on
Btu per cu [t 81 a measure of the
furnsce-design adequacy. It is sur-
prising how few engineers renlly know
what happens to this measuring stick
of Btu per cu fi from size variations
alone. Let's simplily the problem 1o
the extent of removing the other vari-
able, namely, degree of waterwall cov-
ering, and assume only lete!

x 20 ft, 0 In. Hero the volume §s $4,000
cu [t and the surface 9,600 sq it Ifw
lLiberato heat in thiy furnece et g
fome sate, thot is, 70,000 Btu per s
ft per br, the Biu per cu fi is only
12500, Yot in cach case the seme
amaant of heat is being presented for
absorption 10 each square foot af fur
faca cooling aurface. Does a yardysk
that varies like this have much vajoe?

Just one more example to drive home
the point. Consider the Jarge furnace
it the last example. Without changjog
the dimensions, let us put o divigen
wall down through the furnace. This
wall substantially divides the furnsce
into halves and receives heat on beth
sides. Now our surfoce hes changed
to 12,000 sq ft, an increase in radisnt:
heat absorbing surface of mors than
30%. If we introduce no more totsl
hest than before, no engineer would
have much trouble deciding which of |
these two furnaces is more effcctive I
duei Bat o

B tevoce Sizes. Now let us assume
Fal of) these widely varying sizes of fur-
Races ate sized ot the same Bllu per ¢u
i 1f this is the case and with all of
e surlaces operated under one set of .
ditions as to cosl, combustion and
cotting, we know {rom sctual high-
wiy thermocouple ‘tests that the
Ricaviag temperature of the gases for
hkis set of conditions is as shown above
Fich sketch, It will be acen that theso
limpallum vary widely even though
Bk Biu per cu ft is always the aame.
Now what we really want is to have
tro} of these temperatures. This at
is.what we think we are doing
pecifying a certsin Btu per cu ft.
Ys sce, in the diagrams above,
Erhat happens to these same furnaces
isd the capacity of the boiless they
erve when we really control this exit
'!{npemlu.,
B Ve want to hold this temperature &t

Y

water-cooled sutfaces.

Waorking Exampte. To illustrate, take
o fornnee of cublca) shape, having a
dimension of 8 ft, 0 in. on all sides,
and sasumed to ba watercooled on all
six fsces. This ia not far from what
one might find in marine practice.
The volume is 512 cu ft and the en.
velope arca 384 oq 1. If we liberats
heat in this furnace ay, say, 70,000 Biy
per sq ft of watercooled furnace sur-
face per hour, the Btu per cu [t fs
52,500 per hour. Now take o furnace
of dimensions found in large central.
station units, 45 {t, 0 in, x 60 f, 0 in.

030 F. To do this wo have seen from
e dingrams on p 102 wo cannot pro-
xnt to the fumace susfaces more than
B64000 Bru per sq ft per hr. Notice
- %ha this does to the Biu per cu {1 value
L and, worse atill, what it does to the
& apacity we thought we had when we
§. Yere placing so much teliance on
Bio per cu f1 in these diagrams.

‘In conclusion, Btu per eu It 1s safe
 use only in zomparisons of units of
R Wproimately the seme size. It is very
f dangerouy and misleading to use it over
wide range of sizes. It is dsngerous
e for many years most of us have

& g0 temp
commonly used yardstick, Biu per ¢t
ft, which is supposed to tell us some
thing sbout what is hoppening in M
furnace, fails utterly 10 recognire this
drostic change in surface. The Blo
per cu (¢ i exactly the same alter sdd-
ing the division wall as it was bdoﬂ-'
" Perhaps this Buu-per<uft weakinest
can be cleared up by closely examining
the diagrams abave. :
In  these diagrams are thow?
four furnaces aysumed to be waterecoled
on all eix faces. Each one i imensioned:
realistically for a unit of the cepe
labeled under each sketch. Also g
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that our pet value of Blu per cu ft
was somehow synonymous with a satls:
{actory leaving temperature. For somo
one site of unit this ls true. Diagrams
ahove and on p 102, though, show how
for (rom true it really is over a range
ol sizes. .

A New Stondard. A large measure
of the misund fing now preval
in the furnace-design problem would be
removed, if 8 determined effort were
made to (1) refrain from using B
per cu ft and (2) ndopt ts & yardstick
Bto available per square foot of exposed
watcreooled surface per hour. Just
Low will this come about?

The most important function of

volume, the ratio of bounding surface
ares to volume diminishes. Btu per
cu ft then can be used as a yardstick
for comparison only if volumes are the
same. Just what steps eon be taken to
find out how this yardstick ehould
change for different volumea? This is
the point where opinion and guess work
come nto the picture to plaguo and con-
{use \hinking.

Btu available per sg ft per hr is o
fundamentally sound unit for design
comparisons. Why not use [t? With
20 meny neture) variables in the pul-
verized con)-fired furnace problem, why
go out of the way to compound diffi-
culties by introducing an artiGelel nm!

T Occasionally engi-

furnaco is to burn the fuel and properl
condition the gases before entering the
boiler, Only watercooled surfaco can

neers lpeti;’ limits ‘of furnace design
desired by using s furmace exit-gaa tem-
[T} of design limil

reduce gas P e. The engi
can sssute himsell that the comparisons
he makes are trug, not on]y between
units of approximately the same size,
but also betwees units of widely varying
sizes, if ho specifies that the design
must conform 1o a maximum Btu re-
leased and available per square foot
of 9 1 Vad. fi co en-
velope area per hour.

Consider for 6 moment how unsclen- -

tific and wholly inadequate Is the unE;
versally used yordstick “Biu per cu
in deseribing & furnsce design. A
messure of the volume tells absolutely
nothing about the kind of surface by
which it Is enclosed (sce above). And
ber, only led surfaco
appreciably cools ges by absorption

Ihull,ly when this device is employed,
no deacription is given of the method
by which the temperature s to be wken.
This practice {s not conducive ta clear
hinking or, to obtaink parahl
furnace offerings.

And here is why. It is known from
work with high.velocity thermocouples
over the 1ast eight 1o ten years that {n
the range of tempernture from 2000
to 3000 F ¢ bare metal lhcrmoco;:p‘e
exposed to furnace gases will register
values of the order of 250 to 300 F
below the true gas tlemperature.

The curve shown In Fig. 3 gives (1) |
high-velocity thermocouple (HVT) tem-
peratures as u base and (2} a compare-
tive resding of the bare metal thermo-
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