510 . CHAPTER 35

Fuel Utilization

AwmbushonmmoffmmSmSIbofwa.lper (square
{oot of grate) (bour) is recommended for residential furnaces.
A ion rate is p ible with larger furnaces
for buildings other than reside depending upou the ratio
of grate surface to heating surface, firing period, and avail-
able draft.

In residential furnaces for coal burning, the ratio of heating
surface to grate area will average about 20°to 1; in commer-
cial gizes the ratio may be as high as 50 to 1, depending on
fuel and draft. Furnaces may be installed singly, each fur-

" nace with its own fan, or in battenes of a number of furnaces,

using one or more fans,

Where oil fuel is used, care must be exercised in selecting
the proper size and type c[ burner for the particular size and
type of furnace used. Furnaces for burning oil fuel are usu-
ally designed for blow-through installations so that the pres-
sure in the air space is higher than that in the combustion
cha.mher or ﬁuﬁ The National Wa.rm Au Heu.tmg a.ud Air

C has p. i a T ode for
Testing and Ratu:g of Otl—Flred Fumacu Oampact fan-
furnace-burper units are ilable, suitable for b

" closet, or atiic installations. .
Gas fired forced air furnaces should conform in construe-
tion and performance to A.G.A. Approval Requu'ement.s

Heavy Duty Fan Furnaces

Fean furnaces for large commereial and mdustml bmldmgs

churches, schoals, etc., ‘are available in sizes ranging from
300,000 to 6,000,000 Btn per (hour) (umt) Hmvy duty
furnace heaters may be arranged in battery bi of

FURNACE RATING

Ruhng Equuhons for Gravity Warm Air Fumm:es'

Until a method of testing and rating gravity warm air
furnaces lms been developed, the following empirical rating
ded by the Nationa! Warm Air Heat-

ing and Air Condmomng Association.

Gravity warm air furnaces of conventional design, havmg .

ratios (of heating surface to grate area) of 15 to 1 or greater,
and having a ratio of casing area to face area not less than
04, are rated by the followmg eqtmhons

1. Hand-fired Jurnaces amwrwdtoStoker Ga:,orOthxrmq
Bonnet Capacity in Btu per hour = 1785 X S x lm (D)
2. Hand-fired jurndces, with ratios of hcatmg cur!ace ta grate

: area greater than 15 to I and less than
VBonnetCspamt.ymBmperhaur— 785)(5)(1.33_3 (&3]

-.3. Hond-)

area in excess of 25 to 1. .
Bonnet Capacity in Btu per hour = 1785 X 25 X G X 1333 (4)
where

S = heating surface, in square feet.
G = actual gmte area, in square feet.

The Reguter Delwery Rating is equal to 0.75 X (Bormet
Capacity). The Leader Pipe Rating in square inches, formerly
used as a rating unit, may be found by dividing the Remstcr
deery Rating by 136.

with ratios of heating rurlm to'grate

one or more units.
- Most manufacturers of heavy duty fum.wes mte their
furnaces in Biu per hour, and a.lso lnd:caw the number of

. H g Surface of Furnace

ane heatma surface is defined® as surfaee ‘above the top

- of the grate having hot gases or Live fuel on.one side-and cir-

air over the other, and in all.cases is measured on

square feet of heating surface. Li on

of ﬂue gRses, heat exchanger, a.nd casing as well as carbon
and air rise are also factors in estab-

hshmgratmgsfortheseumfs These limits are shown in the

ASHAE Code for Testing and Rating Hcaw Duty Furnates

and Direct-fired Unit Heaters.

Contral of tempersture is secured through (1) controlling
the quantity of heated air entering the room, (2) using mix-
ing dampers, or {3) regulating the fuel supply.

The design of heavy duty fan furnace heating systems is in
manympectssxmﬂutothatoftheeenuﬂf&uhmhngsys-
tems described in Chapter 19. Ducts are designed by the
method outlined in Chapter 21.

MATERIALS AND CONSTRUCTION

Bothmumnmdsmelfummmmademcapauua
ranging from those for small insul;

the exterior or air side. Themasoftheoufcrcasmg,the
inner liner, and any radiation shields shall not be eansidered
as heating surface.

In determining the amount of heating surface, extended

surfaces are considered to be prime beating surface subject

to the following limitations:

- 1. Extended heating surface may consist of fing, ribs, ‘webe,

lugs, or other projections from the prime heating surfsce. Pro- -
jections less than % in. thick at the base, mdutend.mgmom

thap 1 in. from the prime surface are classified aa

2. Integral fins are continuously welded to, or ca.st as a part

of, the pnime heating surface. Both sides are included as heab-
ing surface, subject t.o the following allowances:

Distance from prime 1
surface.. .. ... ... <} 1t in. | 2ndin. |3rd'in. | 9T

with inputs of 40,000 Btu per hour or less, to mpwhm as
- -large as 600,000 Btu per hour.

Cast-iron furnaces are usua.lly constructed with a mini-
mum sectional thickness of % in., and effectively resist high
temperatures and corrosion. They usually have a fairly large
heat capacity because of their mass, which provides a d.ls—
tinct fly wheel-or carry-over heating effect.

In steel furnaces welding, riveting, or both are used to join
the formed metal. The use of steel castings, however, is rare,
because of the cost, and because high stresses are not en-
countered in normal furnace construction. Steel furnaces

have low heat capacities a3 a result of their relm.wely Jow

mass and, therefore, deliver heat rapidly on d

area.. ... .-~ 040 | 0.30 | 0.20 | Nome

3. Non-integral finy are spot welded to, or otherwise held in
line contact with, the prime beating surface. Both sides are in-
cluded as h.u.t.mg surface, subject to the following allowances:
Distance from prime

surface.................. 1st in. | Znd in. |3rd in. | Sror
Ratio of effective area

tototal area. . .......... 0.30 0.20 0.15 None
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‘Heating Boilers, Fumnaces, Spuce Heaters

4. Intheeaseo{nhs,webs,orlugsmorethm%m thick at °
extending less

than 1 . fmm the ?nme surfl-ee,

s

Commercial Sumdard 113-51 is a method of rating oil-burning

mlu’b .
ﬂo?r‘rfu o rd CS 10449 is a method of rating warm

the entire surface in contact wn.h
heating surface.

5. Inthemofn\m,wehgorluymomﬂmn%m thick at

extending more than 1 in. from the prime heating
%xﬂmdwmmnfmmm“emclﬂddu

prime heating surface. The portions projecting beyond 1 in. are
a3 integral
Grate Area

Grate area is defined® and treated for purpose of rat.mg as

follows:
minal is defined as the total cross-gec-
uanAlTEfe:a o? the g’:“m of t.he firepot. In steel furnaces the

grate area is the- cross-secti tionsl

bru;k lining.

2. Theaobualwauwea.usedformlcuhungt.hemhosof
heating surface o grate area, is the nominal grate area minus
rtamuwt.hltmnotbeconsdemdasputoftbemﬂ:ﬂae!f

’ The following rules 5ovem these deductions: (1) If s solid, con~

around the grate and joside the ﬁmpot

than.

t, shall be ded: d. (2) I t.h ‘hmh 3 ex-
wmitro the firepot towards the grate, the areas of any por-
tions of Eesa projections extending inside of a circle, the diam-
eter of which is 3 in. less than the diameter o{\.bebowom of the
firepot, shall be deducted. (3) In the case of grates which are

" inclined, or are conical, the projected ares ig the same as the

nominal grate area. The latter should, therefore, be used after
making any necessary deductions.

_ Ratings for Forced Air Furnaces

. For solid-fuel-burning, forced air furnaces having bonnet
capacities between 80,000 and 250,000 Btu per hour, no
standard method of test has been sccepted although eventu-
ally such codes will be developed The ‘National Warm Air
Heating and Air Condit ds the
following empirical equations for use in rating solid fuel
forced air furnaces:

1. Hand-fired furnaces converted to Stoker, Gu,orOdFuvw
Bonnet Capacity in Btu per hour = 2265 X S'X 1177 5

2. Hand-fired furnaces, with ratios of heating surface to grate
area greater than 15 to I and less than 25 to 1.

. Bonnet Capacity in Btu perhoux_msxsx1.177 6)

3. Hond-fired furnaces
area in excess of 25 to 1.

Bonnet Capacity in By per hour = 2265 X 25 X G X 1177 (4]
where .

S = heating suriace, in square feet.
G = actual grate ares, in square feet.

The Register Delivery Rating is equal to 085 X (Bonnet
Capacity).

The following testing and rating codes have been generally
accepted in the industry:

Commercial Standard (?0109—44 for nm}gm%—gtel-burﬁmg,
forced air furnaces having bonnet outputs o u per hour
or less. This provides a method of rating small coal-fired forced
air furnaces ﬂ wod

A Tentative Codc Jor Testing Oil-Fired Furnaces. This e
has been adopted by the National Warm Air Heating and Air
Conditioning Association for rating oil-fired {umaees by test.

The American Gas Association method of ra s-fired
i\mnm on performance under tests. This is desm t.he

oval Requirements for Central Heati pzp
—Yol. 11, Gravity and Forced At Central urnaca. 21.132.

with ratios of heating surface to grate

area inside the fire-

air furnaces equlpped with pot-type oil burners by test..

Varicus codes cove: the construction and performance of

pl::lnm as_related ra:;ﬁre hasards have been developed by
Upndervmter Lab Inc. there sre mmy
codes’ which late construction and installation of
furnace eqmpmtmt. i

The yardstick of the National Warm Air Heat and Air
Conditioning Assocumon provides criteria for ev: luating a
furnace design and installatiop against industry accepted stand-
arda.

FURNACE EFACIENCY

* Rating formulas of the National Warm Air Hesting and
Air Conditioning Association are based on 55 percent effi-
ciency for gmwty coal furnaces and 65 percent efficiency
for foreed air coal furnaces. In the tentative O Testing Code
the oonuemplawd minimum efficiency is 70 percent for oil-
Gired foreed air fumaces. Gravity gas furnaces approved by
the American Gas Association are assigned a rating based on
75 percent efficiency. All forced-gir gas-fired furnaces ap-
proved by American Gas Association are assigned a rating
based on 80 percent efficiency. .

DESIGN CONSIDERATIONS

Caonsiderations of prime importance in the design of warm
air furnaces and some general suggestions to be observed in
connection with each, are as follows: i

1. Adequate heat tronsfer surface. ,
a. Heat transfer rates of 2000 to 4500 Btu per (hour.
(square foot) of heating surface may be obtained with-
out unduly high metal temperatures, With some types
of design somewhat higher rates are acceptable.
Fins, ms,a.ndbmm used to add surface
and u? break down superﬁ glmﬂ, both on gas-to-
metal and metal-to-eir ncu.

c. Surface and stack (flue gas) temperstures are good in-
dications of the amount and eflectiveness of the heating
surfaces.

'2. Safe and efficient combustion of fuel.

a. Pn:per mixture of fuel and air is necessary for efficient

careful to_the

&

design of grates, nozzles, burners, air mlet. areas un‘l lo-
cation, an combusnon chamber

b. Regulation of th ity and the. distribution of the
air for cambuman should mwded by use of check
dampers, drait regula hoods, air hutlers, and
air orifices.

c. Total draft loss through appliances should not exceed
that available from chimneys which would n be
obtaiuable in the size of building which t.he appliance

will supply with heat.

d. The use of ignition safety devices such as safety pilots,
hold-fire controls, and the like is recammended

3. Fuel capacity of appliance.

-a. With solid fuels adequate coal capacity should be pro-
vided for at least 5 br of operation at the maximum
rated combustion rate.

4. Adequate circulation of a&r over heating surface.

.In Vit fnmwes. air space between casing and
hea?::x 4 should be great enough to permit free
flow over surfaces.

. Forced air furnace desxgn must. mclude fa.n.s having
proper and ance
ties. I 1 static ust be d without
losing the advantages of high-velocity cuwhmun over
the hest exchanger surfaces.

-
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