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ABSTRACT 

This report  describes furnaces 
f o r  t h e  smokeless burning of combustibles 
off automobile bodies preparatory t o  the 
baling and shipment of the s t e e l  scrap. 

Par t icu lar  a t t en t ion  i s  given t o  
designs and t e s t s  of a burner f o r  t h e  small 
and medium-sized auto-wrecking yards. The 
furnace burns two car  bodies a t  a time, and 
up t o  .28 bodies a day. 

Design, cos t  and performance data 
are given. 
l o c a l  contractors,  u t i l i z i n g  new or  used 
s t r u c t u r a l  s t ee l .  

The furnace can be b u i l t  by 

Based o n t h e  cost  of t he  prototype 
burner, t he  projected cos t  of the recommended 
design i s  from $16,825 t o  $22p50 depending on 
l o c a l  conditions. 
6048 bodies a year, t h e  t o t a l  cos t  f o r  burn- 
ing  w i l l  be c lose t o  $3.76 per body o r  $6.83 
per  ton  of s t e e l  above t h e  cos t  of open 
burning. 

Based on ‘a throughput of 

The information should be usefu l  
t o  auto wreckers, consulting engineers, 
inc inera tor  manufacturers, and air pol lu t ion  
cont ro l  o f f i c i a l s  i n  abating an important 
source of a i r  pollution. 

Plans a re  avai lable  a t  $5 a set, by 
wr i t t en  request t o  the authors, with checks 
made payable to”New York University”. 
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SMOKELESS BURNING OF AUTOMOBILE BODIES* 

By E. R. KaiserH and J. Tolciss- 

INTRODUCTION 

Open burning of automobile bodies t o  prepare the s t e e l  f o r  ba l ing  
has been practiced f o r  years by auto-wrecking yards. 
ing from the  p a r t i a l  combustion of the paint,  sound deadening materials,  
rubber, upholstery, i e and p l a s t i c s  has f requent ly  been the cause of complaint 

lawed t h e  pract ice  of open burning i n  many areas, and s i m i l a r  r e s t r i c t i o n s  can 
be expected elsewhere. 

The black smoke resu l t -  

i n  urban communities b y  ~ I n  recent years l o c a l  and s t a t e  l e g i s l a t i o n  has out- 

Burning i s  a p rac t i ca l  way t o  c lean auto s t ee l ,  and i s  necessary t o  
produce 
job without air pollut ion has therefore  been sought by both auto wreckers and 
air pol lut ion con t ro l  o f f i c i a l s .  

t he  grade desired f o r  remelting. An economical furnace f o r  doing the 

It was recognized a t  t he  outse t  t h a t  the cost  of smokeless closed 
burning would be h i w - t h a u  tha t  of open burning. 
could be o f f se t  by a s l i g h t l y  lower p r i ce  paid f o r  scrapped cars .  A s  closed 
burning of auto bodies cannot reasonably be competitive with open burning i n  
the  same area, l eg i s l a t ion  t o  outlaw open burning i s  necessa ry to  encourage the  
use of closed burners. 

The cost  of closed burning 

The lack of proven auto-burners within the f i n a n c i a l  reach of auto- 
wreckers has delayed t h e  abatement of air pol lut ion from wrecking yards. It 
is the  purpose of t h i s  report  t o  present t he  information f o r  t he  construction 
and operation of tes ted  designs. 

* This invest igat ion was supported by a research grant RG 6760 from the 
National I n s t i t u t e s  of Health, Public Health Service. 
Senior Research Sc ien t i s t ,  College of Engineering, New York University 
New York 53, New York. 

H - Associate Research Sc ien t i s t ,  same. 
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S t a t e  of A r t  

Several large conveyorized furnaces t o  burn auto bodies continuou& 
without smoke emission have been bu i l t  and operated within t h e  l a s t  few years. 
The l a rges t  of these units, shown i n  Figure 1, i s  the  Pyrocl a er,  bu i l t  and 
operated by Lipset t  S t e e l  Products, Inc., i n  Brooklyn, N. Y.e2p.  I ts  
capaci ty  exce&JQlLb-odies i n  8 hours. 
carbons i s  completed by passing the  products of combustion from the  primary 
chamber through o i l - f i red  afterburners. 

The combustion of the smoke and hydro- 

Figure 1. Pyrocleaner of Lipset t  S t e e l  Products, Inc. 
. Brooklyn, N. Y. Capacity 300 auto bodies a day. 

2 



. The e lec t ros ta t ic -prec ip i ta tor  pr inc ip le  has been employed t o  t r a p  
the  smoke and dust p a r t i c l e s  i n  the  Smokatron, manufactured by  S w m r  & CO., 
Columbus, Ohio. 
Ga. 

Burners of t h i s  type a re  i n  use i n  New,York City and Atlanta, 
Figure 2 i l l u s t r a t e s  the general  features .  

Figure 2. Smokatron Continuous Auto-Body Burner 
with Elec t ros ta t ic  Prec ip i ta tor .  

Bodies a re  moved aboard c a r t s  on rails a t  a few ins t a l l a t ions .  The 
Harris Foundry & Machine Co., Cordele, Ga.,  has b u i l t  furnaces with o i l - f i red  
af terburners  i n  Cl i f ton  and Jersey City, New Jersey. 
un i t  i n  Je rsey  City. 

Figure 3 i l l u s t r a t e s  t he  

Numerous attempts, some successful,  have been mad ij3yrbl~;ps and 
auto wreckers t o  produce body burners for t he  smaller yards 
Cleveland, Ohio, f o r  example, severa l  s teel- l ined p i t s  have been used t o  burn 
th ree  o r  four  p a r t i a l l y  collapsed bodies at one t h e .  
by s t e e l  l i d s .  A stack supplied the d r a f t  t o  remove t h e  smoke and gases from 
one end of a p i t  and induce 
considerably less than from open burning, and could have been eliminated 
e n t i r e l y  by an af terburner .  

The p i t s  were covered 

a i r  i n t o  t h e  other end. The smoke emission was 

Two refractory-lined sheds with af terburners  i n  the Cleveland area 
have a l so  been reported as burning bodies successful ly  on ca r t s .  
l o c a l i t i e s  s imilar  e f f o r t s  have been underway. 

I n  other  

Specific information and t e s t  da t a  have not been avai lable  f o r  a 
detai led evaluation of any of these uni t s .  

3 
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Figure 3. Harr is  Twin-Kiln Incinerator .  

Present Program 

M t e r  gathering experience from numerous sources, several  designs 
of incinerators  were created and evaluated. 
emission were found t o  be r e l a t i v e l y  simpler t o  achieve than low-cost con- 
d r u c t i o n  and operating economy, 

Smokelessness and low flyash 

The resu l tan t  prototype burner was b u i l t  by the  Michael Schiavone 
ti Sons, Inc., 135 Front Street ,  New Haven, Conn. during the f a l l  of 1960. 
Tests  were conducted by t he  University staff on automobile bodies, insulated 
copper wire, and mixed municipal refuse. Although this report  is l imited t o  
au tmobi le  bodies, t he  versatility of the furnace t o  burn a wide var ie ty  of 
smoke-producing cmbust ib les  successful ly  was established. 

4 



BASIC FACTORS 

Combustion 

The four requirements f o r  complete and smokeless combustion a re  
ample oxygen ( a i r ) ,  suf f ic ien t  temperature, turbulence or mixing of the f u e l  
and a i r ,  and time. A l l  four  requirements must be met t o  achieve t h e  desired 
result. 

Smoke i s  produced during the  burning of auto bodies i n  the  open 

Too much heat is diss ipated by radiat ion t o  the sur- 
because of insuf f ic ien t  temperature t o  complete the combustion of t h e  vola- 
t i zed  combustibles. 
roundings and by convection t o  a l a r g e  excess of air. I n  addition t o  smoke, 
the cooling e f fec t  i s  also evidenced by  unburned paint and p l a s t i c s  near the 
ends of t h e  fenders. 
desired. 

Exterior d i e  cas t ings  and lead a re  not melted off as 

By burning the bodies i n  a furnace the air supply can be controlled 
and directed t o  the bes t  advantage. Wind e f f ec t s  are  eliminated. 
turbulence i n  the  flames cao.be provided by j e t s  of a i r  from a blower which 
are  directed i n t o  the body through t h e  windows and 

controlled i n  a furnace s o  a s  not t o  r a i s e  excessive dust from the  ash 
remaining a f t e r  combustion. 
withdrawing the combustion gases from the top of the combustion chamber while 
inducing more air below the burning bodies. 

Mild 

n trunk compartment. 
The design f a c t o r s  for a i r  jets are  w e l l  understood ET . Turbulence can be 

A chimney can provide controlled d r a f t  f o r  

Compared with high radiat ion losses  from open burning, t he  furnace 
ualls and ce i l i ng  can r e t a i n  heat f r o m  previous burns t o  rad ia te  t o t h e  
colder unburned bodies immediately after a new load en te r s  t h e  furnace. 

Because of the inherent ly  l imited furnace temperature, some smoke 
must be expected from the  primary chamber, although l e s s  than from open burn- 
ing. 
charging them from the stack. has 
been found necessary t o  burn the soot i n  smoke i n  t he  time available.  
addi t iona l  temperature can b e  obtained by  burning f u e l  o i l  with the  primary 
gases i n  a secondary chamber or afterburner.  

For t h a t  reason it i s  necessa ry to  t r e a t  t h e  smoky gases before dis-  

The 
A temperature of appro.ximately h50-1500F 
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The afterburner pr inc ip le  was selected i n  t h i s  application i n  prefer-  
ence t o  other methods of gas treatment f o r  t he  following reasons: 

1. Hydrocarbon gases and a l l i e d  odors could be burned while burning 
v i s i b l e  smoke e 

2. The temperature r i s e  of t he  primary gases necessary t o  reach the 
a50 t o  1500 F f o r  the burning of snoke could readi ly  be obtained by burning 
heavy f u e l  o i l  with t h e  excess a i r  of the primary gases. 

3. The afterburner would e s t ab l i sh  chimney d r a f t  promptly a f t e r  
overnight and week-end shutdowns. 

!A. No disposal  problem as with devices t h a t  t r a p  par t icu la te  
matter from gases. 

5 .  
6. Simplicity of operation. 

Lower investment cost  than  other su i tab le  devices. 

Basic Equipment Features 

The following c r i t e r i a  and considerations were instrumental i n  the  
design of t h e  prototype burner: 

1. A furnace producing 15 t o  25 clean bodies a day would s a t i s f y  
a majority of auto wreckers. 

period of t i m e G n e  body. 
have t h e  same plan area but  only Ir f t  addi t ional  height, the output could be 
doubled a t  a minor increase i n  furnace cost .  

2. Two b o w  one pi led on the  other, can be burned i n  the same 
As the  furnace f o r  two superimposed bodies would 

3. Inspection of a l l - s t e e l  auto-burning furnaces showed warpage 
from t h e  heat, f r ac tu re  of welds, and rapid oxidation of s o m e  portions. A 
refractory-lined furnace was deemed advisable f o r  increased service l i f e  and 
heat conservation. Standard f i r eb r i ck  backed by concrete block, red br ick 
o r  l i g h t  s t e e l  were favored. 
t y  a t  low cost .  

Concrete block pa r t i cu la r ly  o f f e r s  w a l l  stabili- 

6 



4. Hinged doors of p l a t e  s t e e l  w i t h  angle framing and bracing on 
the  outside were selected as  most prac t ica l ,  yet  su f f i c i en t ly  heat r e s i s t G t  
f o r  auto burning. 
mineral insu la t ion  could be added on the ins ide  surfaCes. 

A t  only s l i g h t  ex t ra  cost ,  s t e e l  mesh and two inches of 

5 .  The afterburner should be of f i r eb r i ck  construction and can be 
f i r e d  by a s ingle  o i l  burner using No. k o i l ,  
provide heat storage and combustion turbulence. 
checkerbrick design could provide both of t he  l a t t e r  features .  

The af terburner  should also 
Loose f i r eb r i ck  l a i d  i n  a 

Because of i t s  weight, and the  convenience of having an o i l  
burner wi th i  easy reach of t he  operator, i t  i s  advantageous t o  locate  t h e  
afterburner a i r e c t l y  on the  main foundation. 

6. The re f rac tory  ce i l i ng  f o r  primary and af terburner  chambers 
could be of arched construction, o r  f la t .  I n  the l a t t e r  case there  i s  the  
choice of a cast  c e i l i n g  o r  blocks with T - s l o t s  suspended from l i g h t  beams. 
The f l a t  ce i l i ng  of block design was found t o  be l e a s t  expensive, l a r g e l y b e -  
cause of t he  saving i n  construction labor. 

7. A s t e e l  chimney supported on a concrete base poses no special  
problems. 
tanks, transformer housings, e tc .  

A used chimney would be suitable, as  would one fabricated from old 

8. For ease of moving the auto bodies i n  and out of the furnace, a 
4-wheeled c a r t  on r a i l s  has numerous advantages. 
above the  d i r t  f l o o r  of t he  furnace and allows a i r  to  reach the undercoating 
through t h e  open steelwork of t h e  c a r t .  
c a r t  r e l a t i v e l y  cool. 

9 .  

The c a r t  e levates  the bodies 

Cold air from below a l so  keeps t h e  

The rails can be anchored t o  t i e s  o r  imbedded i n  concrete. 
S t ee l  t i e s  must be used inside t h e  furnace unless the r a i l s  a r e  se t  i n  con- 
crete,  but wood t i e s  would be su i t ab le  outside. 
i n  the loading area outside the furnace i s  optional. 

The use of a concrete apron 

10. The use of secondhand s t e e l  when avai lable  and su i tab le  is 
pa r t i cu la r ly  advantageous i n  t h e  scrap industry.  Many l o c a l  contractors  and 
bui lders  who could construct t he  body burners a re  skillful i n  adapting avail-  
able s t e e l  t o  a given design. 

7 



DESCRIPPION OF AIIPO-BODYBURNER 

As the  r e s u l t s  of t e s t s  on a furnace w i t h  bas i ca l ly  the  same 

was evolved. The primary furnace has doors a t  both ends. 
fea tures  end dimensions, a s  w i l l  be described l a t e r ,  the design i l l u s t r a t e d  
i n  Figure 
using two c a r t s  on r a i l s ,  one load of two bodies can be burning, while t h e  
other c a r t  i s  being unloaded and reloaded. Loading and unloading by fork- 
l i f t  t ruck would take place a l t e r n a t e l y  on each apron. Based on a morning 
warmup period of 30 minutes, a burning period of 30 minutes, and a car t -  
t r ans fe r  period of 5 minutes, t he  throughput i n  8 hours would be 28 bodies. 
Preparations f o r  t h e  first burn can be made during the  warmup period. The 
last load can burn out a f t e r  qu i t t i ng  time. 

By 

m 

Figure b. Double-Ended Auto-Body Bwner with 
Afterburner. Capacity: 28 bodies a day. 

0 



The prFmary furnace i s  10 f t  wide, 10 f t  11 in.  high and 20 f t  
long inside.  The s ide  wal ls  are  b u i l t  of concrete blocks, 8 in .  thick.  
The walls a re  l ined with 44 inches of f i r eb r i ck  t i ed  with ' s t ee l  s t r i p s  t o  
the  concrete blocks. 
&,eel reinforcement on the  outside. Depending on s o i l  conditions, p i l ing  
may be required. 
or ash. 

The wal ls  r e s t  on concrete footers  and have horizontal  

The furnace f l o o r  may be ear th  or concrete covered by  sand 

The afterburner i s  along one s ide  wall of the primary furnace. 
The oi l 'burner ,  o i l  pump, burner blower, and switches a re  mounted i n  the  s m a l l  
shed at  the f ron t  end of t h e  afterburner.  
f i r e b r i c k  connects t he  afterburner t o  the  s t e e l  stack. 

A short s t ee lb reech ing  l ined with 

Figure 5 shows a v e r t i c a l  sec t ion  along the afterburner, i l l u s t r a t i n g  
the  construction and d i rec t ions  of g a s  flow. 
f rac tory  wi th  a concrete-block ex ter ior .  
gPh o i l  burner (~,OOO,OOO Btu/hr) with 5:1 turndown r a t i o  f o r  No. It f u e l  o i l .  
Aiequiva len t  gas burner would be sa t i s fac tory ,  depending on cos ts .  
gas with a. heating value of 1000 Btu per  cu  f t ,  and costing 81  cents  per 
1000 cu f t ,  i s  approximately the  f u e l  equivalent of No. 4 f u e l  o i l  with a 
heating value of llr8,ooo Btu per ga l ,  cost ing 12 cents  a gallon. 

The wal ls  a r e  of 9-inch re- 
Auxiliary heat is supplied by a 35 

Natural 

The checkerbrick. is  shown i n  out l ine i n  Figure 5 ,  and i n  d e t a i l  i n  
Figure 6 .  A t o t a l  of 250 l i r e ' b r i c k s ,  each 2zA$x9 inches, i s  required. 
Mortar i s  not necessary. 
br ick can be monitored by an ind ica t ing  pyrometer with a 0-21100 F range. 

The temperature of t he  gases leaving the  checker- 

The ce i l i ng  over t he  primary furnace and afterburner chambers i s  
composed of refractory blocks suspended under s t e e l  beams t h a t  support the 
blocks through T-slots. 
simple corrugated s t e e l  roof provides protect ion from r a i n  and snow. 

The I-beams r e s t  on the concrete-block walls. A 

The s t e e l  stack of 55 t o  60 f t  height should be l ined  with 43 inches 
of f i rebr ick ,  a t  l e a s t  f o r  the f i r s t  20 f t  above the base. 
ins ide  the l i n ing  may be 36 t o  It8 inches. 

The diameter 

The damper at, t h e  top of t h e  stack i s  an important fuel-saving 
feature .  The damper i s  adjusted f o r  a r e s t r i c t e d  opening by  cable and hand 
winch, i t s  posi t ion during warmup and t r ans fe r  periods. During the  burn t h e  
damper i s  held f u l l  open by a lever  arrangement. 

Sidewall air j e t s  t o  blow a i r  i n t o  the burning bodies are provided 
by four  nozzles i n  the  wal l  of the primary furnace opposite t h e  afterburner 
side. 

Construction drawings and equipment d e t a i l s  a re  available a t  $5 per 
Checks set from t h e  authors for those in te res ted  i n  building these furnaces. 

should be made payable tot1New York University". 
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TEST PROGRAM 

Test Furnace 

The prototype furnace i n  New Haven, Conn., i s  shown i n  Figure 7 .  
This furnace has doors a t  only one end and only one c a r t  i s  used, 
af terburner  chambers were located a t  t h e  f a r  end of the furnace, with the 
burner shed located on t h e  side.  

The 

Figure 7 .  Single-ended Test Furnace. 

Because of i t s  a v a i l z b i l i t y  from scrap, a s t e e l  chimney measurlng 
56-in. I.D. and 57 f t  & i n .  i n  height was fabricated from scrap transformer 
casings. The s tack was l ined t o  mid-height with &% inches of f i r eb r i ck  
leaving an ins ide  diameter of &7 inches. 
p ro tec t  t h e  l i n ing  from r a i n  and snow during shutdown. 

A conical  r a in  cap was added t o  

12 
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No damper was i n s t a l l e d  i n  t h e  stack o r  breeching. The stack d r a f t  
c a n  'be reduced t o  a l imited degree by  opening the door a t  the base of the 
stack (check damper). The door opening i s  20 x 22 inches, o r  3.06  sq f t .  
ingress  of air t o  the furnace i s  l imited by closing hanging f l a p s  under t h e  
main doors. The gas flow from the  main furance t o  the  afterburner i s  re- 
s t r i c t e d  by the  flame port .  
is, i n  turn, affected by the configuration of t he  checkeruork. 
port area and checkerbrick arrangement were established by the  r e s u l t s  of the 
preliminary t e s t s .  

The 

The d r a f t  i n  the flame chamber of t he  afterburner 
The f i n a l  flame- 

Instrument ation 

A laboratory t r a i l e r  was moved t o  the  s i t e  and positioned near t he  
breeching and afterburner.  Measurements of temperatures, d r a f t s ,  gas. 
composition, and par t icu la te  matter i n  the  ex i t  gases were made aboard t h e  
t r a i l e r .  
thermocouples i n  a l l o y  s t e e l  sleeves located i n  t h e  fol louing places: 

Continuous temperature measurements were made with chromel-alumel 

1. Outdoor air. 

2. 

3. 
afterburner.  

b .  

5. 
6. 

I n  primary furnace 3 inches below center  of ce i l ing .  

A t  cen ter  of the flame-port between the primary furnace and 

A t  cen,ter of the breeching. 

A t  mid-height of stack- - bare couple. 

Auto-body metal near rear window- - bare couple. 

S t a t i c  pressures a t  t he  following locat ions were transmitted through 
copper tubing t o  d r a f t  gages i n  t h e  t r a i l e r  f o r  d r a f t  measurements r e l a t i v e  t o  
ambient a i r .  

1. Primary chamber at  f l o o r  leve l .  

, 2. W a r y  chamber a t  flame-port level .  

3. Breeching a t  mid-height. 

13 



P i t o t  tubes measured gas-velocity heads i n  t he  breeching and a t  the 
mid-point of the stack. 
dust from the breeching a t  near ly  i sokine t ic  conditions. 
aspirated through th ree  s e t s  of wet and d ry  impinger b o t t l e s  i n  p a r a l l e l  and a 
d ry  gas meter. 
paper thimble f i l t e r  col lected pa r t i cu la t e  matter successfully on only one t e s t .  
The gases had su f f i c i en t  moisture t o  rupture the thimble on other  t e s t s .  

The carbon dioxide and oxygen content of t he  breeching gas was 

A water-cooled probe with a 3/L-ine dia .  nozzle sampled 
The sample stream was 

The impingers col lected moisture and dust from the gases. A 

determined by the Orsat apparatus from gas  samples col lected continuously over 
satura6ed brine. 
colorimetric analyzer. Smoke was observed v isua l ly  against  both a black and a 
sky background. 

Carbon monoxide i n  t h e  f l u e  gas was determined by the MSA 

No t e s t s  were made f o r  the aldehydes, organic acids, ammonia, e s t e r s  
and phenols a s  negligible amounts of these  contaminants would be expected under 
the  favorable combustion conditions prevailing. 

The auto bodies were weighed on the  yard scale  before and a f t e r  burn- 
ing. 
upholstery. Two s t e e l  s t a t ion  wagons 
but  no compacts nor unusually la rge  bodies were included i n  the 30 ca r s  burned 
during the  t e s t  program. 

The bodies were received without chassis,  but they contained the f u l l  
Vir tual ly  all of the glass was present,  

Preparation of Bodies 

After  i n i t i a l  weighing, t h e  trunks were opened t o  f a c i l i t a t e  air 
admission f o r  burning. 
ing  period by 15 t o  20 minutes, 
t he  wrecking yard, but t hey  were punctured if s t i l l  attached. The windshields, 
s ide  and r e a r  g l a s s  were smashed inward t o  admit a i r  for'combustion. The doors 
were l e f t  a j a r  but were wired through the windows t o  prevent t h e i r  opening wide 
e i the r  during burning o r  loading. 

Spare - / .  t i res  were removed since they  increase the burn- 
Gasoline tanks had generally been removed by  

The bodies were l i f t e d  on t h e  c a r t  by crane. A fo rk - l i f t  truck would 
be more su i tab le  f o r  commercial operation. 
first a s  shoun i n  Figure 8. 

The second body was mounted on the 
No fastening was used t o  secure the  upper body. 



Figure 8. Bodies on Cart before Burning. 

Two t o  three  quarts  of  No. 2 f u e l  o i l  were then sp i l l ed  on t h e  
upholstery of each body. 
he lpfu l  with wet upholstery. 
furnace, t he  upholstery was i g n i t e d  by a small hand torch. 

The o i l  expedited ign i t i on  and was pa r t i cu la r ly  
After the c a r t  was moved i n t o  the primary 

Burning cycle 

- '  P r i o r  t o  a burn the  af terburner  br icks  were preheated'by the o i l  
burner u n t i l  t h e  breeching temperature was a t  l e a s t  1250F. 
Ign i t ing  the auto bodies, the heat from the  main furnace and t h e  afterburner 
caused the temperature of  the breechinggas t o  r ise  above l500F. The air j e t  
blower was s ta r ted  as soon as the  bodies were well  igni ted.  To conserve o i l ,  
t h e  o i l  burner was s e t  back t o  a low r a t e  while t h e  bodies were burning br i sk ly .  
Once regular production i s  established, a constant r a t e  of o i l  f i r i n g  can be 
set for both body-burning and transfer periods. 

15 
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F o r - t e s t  purposes, t he  burns were continued u n t i l  the flames burned 
out. 
minutes e a r l i e r .  

However, i n  commercial p rac t ice  the c a r t  could be withdrawn a few 

GENERAL TEST RESULTS 

Weight and Time 

The bodies were weighed i n  p a i r s  before and a f t e r  burning. The 
i n i t i a l  weights of pa i r s  ranged f r o m  2700 t o  3400 lb .  
pairs 'ranged from 2160 t o  26.50 lb .  
o f fa l .  

The f i n a l  weights of 
Corrections were applied f o r  t i r e s  and 

The burning of the bodies separated the components i n t o  the 
l i s t e d  in Table I. This breakdown compares c lose ly  with published 

categpf;ftjgafter da ta  allowance i s  made f o r  t h e  absence of chassis.  

Table I. Average Composition of Auto Bodies Burned 

- Stem Ib per bodg Per cent 
c 

Body s t e e l  1100 
Non-ferrous metal  10 
Glass and ash 133 
Combustible and moisture p-251r 
I n i t i a l  wgt, avg, body Tota l  1497 lb  

73.5 
0.7 
8.9 16.9 

100.0 

A cartload of two bodies before  l ight-off i s  shown i n  Figure 8. 
The same bodies a f t e r  the burn a re  shown i n  Figure 9. The heat was not 
suf f ic ien t  t o  cause the bodies t o  slump. 

The average burning time was 38 minutes u n t i l  t he  l a s t  flame died 
out. 
could have been removed at  the end of 30 minutes and the l a s t  flames extinguished 
u i t h  a small water spray without c rea t ing  smoke. 

As very l i t t l e  burning took place during t h e  l a s t  8 minutes, the bodies 
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Figure 9. I n t e r i o r  of Furnace with 
Same Bodies After Burning. 

Sidewall A i r  J e t s  

Twelve horizontal  air nozzles were used, three on each s ide of both 
The a i r  was supplied through pipe manifolds connected t o  a blower i n  bodies. 

t he  burner shed, a s  shown i n  Figure 7. 

The effectiveness of t he  j e t s  i n  producing a br ighter  f i r e  was 
evident v i sua l ly  and-&L@graphically. - - 

The experimental and temporary arrangement of 2-in. j e t  piping i s  

The upper nozzles were 93 inches above the  
shown i n  Figure 9. 
spaced 3 f t  apar t  horizontaliy.  
f loor .  
i n  the heights  of the nozzles. 

The lower j e t  nozzles were 50 inches above the floor and 

The deck of t h e ' c a r t  was 18 inches above the floor, a governing f a c t o r  

The t o t a l  a i r  del ivery per  nozzle was 770 cfm or an average of 61, cfm 
per  nozzle. The s t a t i c  pressure i n  the  1,-in. manifolds was 5.3 in., water gage. 



A preferred arrangement recommended f o r  fu tu re  i n s t a l l a t i o n s  is a 
s t r a igh t  nozzles f l u s h  with each s i d e w a l l  and inclined downward at 

Inclined j e t s  would blow toward the  seats ,  which contain the 
s e t  of 
45 degrees. 
g rea tes t  amount of combustibles. The required penetration o r  j e t  throw of 7 f t ,  
and del ivery of 150 cfm 

the air through the windows. 
t he  body cavity. Stronger j e t s  can reduce the  burning time, possibly t o  15 
minutes, but the dust raised thereby would l i k e l y  exceed the l e g a l  limits f o r  
dust emissions. 

e r  nozzle, could be achieved with a manifold pressure 
of 3.5 in .  water gage ( 53 . The j e t s  should, of course, b e  positioned t o  d i r ec t  

The ve loc i t i e s  should provide penetration i n t o  

While a i r  j e t s  c a n  also be directed i n t o  the trunk space by nozzles 
mounted t o  the furnace door, and having f l e x i b l e  connections t o  t h e  manifold, 
no t r ia l  of the idea  was attempted. A paperboard p a r t i t i o n  usually separates 
the luggage compartment from the  r ea r  sea ts .  
uould consume the combustibles more rapidly. 

Simultaneous burning i n  both areas 

Temperatures 

The average temperature h i s t o r y  and gas analyses of four typ ica l  burns 
t o t a l l i n g  8 bodies, a r e  plot ted i n  Figure 10. 
ign i t ion  it was possible t o  reduce the r a t e  of o i l  f i r i n g  by one-half without 
r isking smoke emission. As the  temperatures were measured by industr ia l - type 
thermocouples encased i n  metal sleeves, some l a g  i n  response occurred. 
thermocouple located 3 inches below the center  of t he  ce i l i ng  was pa r t i cu la r ly  
affected b y  radiat ion exchange with t h e  c e i l i n g  and with the top  of the upper 
body, about 6 t o  1 2  inches below the  couple. 

bodies, shown i n  Figure 10, a re  ind ica t ive  of general body temperature and are  
probably not far from t h e  average. The upper body became somewhat ho t t e r  than 
the  lower body. 
minerals which protected t h e  s t e e l  were brushed off a f t e r  a burn, clean gray 
s t e e l  was exposed. 

Four t o  f ive minutes a f t e r  body 

The 

The metal temperatures near t he  f r o n t  and r ea r  windows of the lower 

Oxidation of t he  s t e e l  was not observed. When the  dusty pa in t  

The temperatures were high enough t o  melt off the zinc-base d i e  
cast ings i n  the ornamental trim, as  wel l  a s  the lead and solder. 
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MINUTES AFTER IGNITION OF BODIES 

Figure 10. Temperatures and Drafts. Curves 
are average of Ir burns, including 8 bodies. 

19 



Gas Analyses 

The carbon dioxide i n  the  breeching f l u e  gas, t h e  pr inc ipa l  product 
of combustion, increased i n  per cent  volume from a base value of k% (during the 
o i l  f i r i n g  of t he  af terburner)  t o  12.5%. , Eight minutes a f t e r  l ight-off,  t h e  
percentage of carbon dioxide diminished as  shown i n  Figure 11. 
burning r a t e  occurred 7 t o  8 minutes after the  start of t h e  burn. 

The maximum 

5 IO 15 20 25 30 35 40 

M I N U T E S  A F T E R  IGNITION OF B O D I E S  

Figure U, Carbon Dioxide i n  Breeching Gas. 

The carbon monoxide detenninations of t he  breeching gas  were a l l  
i n  the range of 0.01 t o  0.03%. 

The water vapor produced by  the combustion of hydrogen was 
determined by evaluating the  gas analyses and by measuring the condensate i n  
the  impinger bo t t l e s .  
combustible, a s  determined by gas analysis,  was 8:l or 1s hydrogen. Allow- 
ing f o r  t h e  13.7% hydrogen i n  t h e  o i l ,  t he  net combustible i n  the  auto bodies 
was 90% carbon and 10% hydrogen. 

I n  general, the carbon:hydrogen r a t i o  i n  the net 
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" .;.3Wil&t&w&k~:r&pe,r open and the  flaps on the  main doors closed, 
the breeching-draft  rose^ t b  0.35 in .  W.C. during the warmup period. 
the check d mper  a t  body light-off,  t he  breeching d r a f t  increased t o  0.50 in .  
W.C. 
Seventy-five per cent of.  t h e  d r a f t  l o s s  between the  breeching and main chamber 
occurred i n  t h e  checkers, and 25% i n  the flame-port. Had the  stack d r a f t  been 
less ,  i t  would have been necessary t o  enlarge the flame-port or  t o  e n l a r g e  the 
checker passages. The l a t t e r  change would  have affected smoke control  and heat 

By closing 

The d r a f t s  i n  the breeching and main furnace are plot ted i n  Figure 10. 

. .. 

. ..,.,storage adversely. 

To prevent smoke leakage from t h e  main chamber, a s l i gh t  negative 
pressure was maintained under the c e i l i n g  by  l i m i t i n g  t he  flow of a i r  under the 
main doors. The d r a f t  a t  f l oo r  l e v e l  was e s s e n t i a l l y  0.10 in .  W.C. when the 
d ra f t  near t he  ce i l i ng  was 0.03 in .  W.C. o r  l ess .  I n  other  words, the stack 
e f fec t  which occurs i n  the main chamber must be considered i n  t h e  design and 
operation of t he  furnace. 

.I" 
~ .... 

During the peak of the body-burning cycle, t he  a i r  r a t e  was qu i t e  
near optimum. 
and was.only 29.7%. 
the percentage excess a i r  was only 57.5%. On the average, excess air was ll5%, 
which corresponds t o  7.26% C 0 2 .  r I t  i s  l i k e l y  t h a t  smoke and increased loss of 
unburned carbon a s  pa r t i cu la t e  matter would r e su l t  i f  the air flow were re- 
s t r i c t e d  f u r t h e r  i n  t h i s  type of furnace. A stack height of 55 t o  60 f t  would 
therefore  b e  s a t i s f a c t o l y  f o r  fu tu re  in s t a l l a t ions .  

The minimum percentage of excess a i r  was reached at t h a t  time 
Even when the  f l u e  gas contained 10% C02 by dry volume, 

The average gas v e l o c i t y  i n  t h e  breeching was 1940 fpm a t  1532F., 
t h e  averwe temperature. 
ve loc i ty  would have been about 2170 fpm arrg.,s sa t i s f ac to ry  rate .  
diameter ac tua l ly  used (b7 in .  I.D. b r i ck  l in ing)  was therefore  la rger  than 
necessary. 

I n  a stack of h8-i.n. O.D. (39-in. I.D.) the gas 
.,", - The s tack 



Material  and Heat Balances 

The mater ia l  and he& balances f o r  t he  burning of t he  bodies are  
given i n  Tables IV and Vrespect ively i n  the Appendix. 
these tables  will enable t h e  reader t o  make numerous ca lcu la t ions  f o r  the 
design of continuous body burners and l a rge r  batch operations. 

The data  provided i n  

AIR-POLLUTION TEST RESULTS 

Smoke - 

Smoke of hydrocarbon or ig in  was produced i n  t h e  primary chamber, 
but the emission of black and gray smoke t o  the atmosphere w a s  prevented at  
w i l l  b y  maintaining su f f i c i en t  temperature i n  t h e  afterburner.  
stack gases were v i r t u a l l y s l 2 r  at a l l  times and would meet t he  requirements 
of a l l  smoke ordinances. A l i g h t  gray smoke (0.5 Ringelmann max.) was pro- 
duced when wet bodies and insuf f ic ien t  o i l  f i r i n g  i n  t h e  afterburner caused 
the breeching gas temperature t o  remain below llr50F during the  e a r l y  pa r t  of a 
burn. 
part of the burn when the body combustibles were l a rge ly  devolati l ized. 

Hence the  

This temperature was not necessary f o r  snokelessness during the  lat ter 

When viewing t h e  f l u e  gas during the first t h i r d  of a burn, a f a i n t  
whitish-gray haze could be observed against  the black background under the  
ra in  cap. This emission was not v i s i b l e  against t he  sky. 

On one t e s t  t h e  two bodies were burned with an i n i t i a l  afterburner 
temperature of 58OF and the  o i l  burner shut off a f t e r  t he  bodies were igni ted.  
Smoke grayness increased t o  No. 2 Ringelmann, which pers is ted f o r  5 minutes, 
and gradually declined. The breeching>p_erature nevsr_exceefled 1210F on t h i s  
run. 

22 



I 

I 
I 

I 
I 

I 

1 

Dust Loadings 

The par t icu la te  matter i n  t h e  f l u e  gas during the  burns w a s  
determined a f t e r  t h e  furnace had been i n  da i ly  use burning auto bodies and 
insulated copper wire f o r  b months, 
10 bodies; 
0.357 lb  of d r y  dust per 1000 l b  f o r  f l u e  gas  of 7.26% avg. CO?, or ll5% 
excess air. 
l b  per 1000 l b  of f l u e  gas. 
0.8.5 l b  per 1000 lb of gas corrected t o  50% excess aire 

Dust was sampled during t h e  burning of 
3.231 gm of dust was col lected,  The average dust loading was 

Corrected t o  50% excess a i r  (ASME), the  dust loading was 0.512 
The usual dust l i m i t  specified i n  ordinances i s  

The dust was 33% ash and 67% combustible, the l a t t e r  being almost 
e n t i r e l y  carbon. 

Depending upon wind ve loc i t ies ,  f l akes  and dust  of undetermined.but 
minor amounts were blown off the burned bodies a s  they were removed from t h e  
furnace. The nuisance was l a rge ly  confined t o  the unloading area. 

Stack-Gas Odor 
. .  . .  

The odor of the breeching gas was noted during a l l  tests by sn i f f ing  
the  gas d i rec t ly .  
t i o n  of whichare not expected t o  cause complaint under normal circumstances. 

A f a i n t  burnt odor was detected, t h e  character  and concentra- 

AFTFBBUBNER OIL CONSUMPTION AM) DAMPFXNG 

The preliminary w m u p  period and t h e  operation of t h e  afterburner 
between burns can be wasteful of o i l  unless t he  flow of air through the after- 
burner i s  r e s t r i c t ed  during those periods. 
recommended f o r  t he  dual  purpose of flow control  and weather protection. 

A hinged cap f o r  t he  s t a c k  is 

Preceding Test 12, for example, the afterburner was preheated on the 
following schedule without the bene f i t  of adequate a i r  r e s t r i c t ion .  The stack 
base was open t o  check the stack d r a f t  and the  f l a p s  under the main doors were 
closed, but  leakage a i r  entered around t h e  doors and from other  sources. 

Minut e s O i l  r a t e ,  gph O i l  Consumpt gal. rn 21.0 8.75 
Next li7 31.0 24 e 2.5 
Next 76 36.5 &6.25 
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Totals  W3 min. 79.25 gal. 
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The breeching temperature rose t o  Q5OF i n  l48 minutes a f t e r  t he  consumption 
of 79.25 gal. of o i l .  
t o  burn the o i l  when the CO 
of highest o i l  flow ra t e .  $he t o t a l  a i r  r a t e  was 253 lb per minute through the 
afterburner.  

The excess a i r  was 258% of t h a t  t heo re t i ca l ly  required 
i n  the breeching gas reached Lao% during t h e  period 

By dampering the  air flow a t  t h e  flame port during ' the preheating f o r  
Test 15, t h e  breeching the  temperature was raised t o  1250F by the following 
f i r i n g  schedule: 

oil Consumpt , ga l  CO2 % - Minutes O i l  Rate, gph 

F i r s t  11 21.0 
Next 12 27 .I; 
Next 11 

74 
36 .s 

3.85 3.4 
5.50 5.8 
6, io  

lb.05 
7 .O 

The a i r  r a t e  was reduced t o  132-l.47 l b  per  minute through the afterburner 
without causing smoke. 
The o i l  consumption had been reduced t o  only 20.3% of the previous amount. 
preheat time was reduced t o  23.0% of the  previous preheat time. 

The excess air dur ing  the l a s t  period was only 108%. 
The 

Some fur ther  improvement could undoubtedly be made i n  reducing o i l  
consumption by a fu r the r  Tes t r ic t ion  i n  a i r  flow. 
advisable t o  reduce the  preheat time below 30 minutes as a gradual  w m u p  
increases refractory l i f e .  

However, it would not be 

To meet the requirements the flow damper should be near ly  closed 

The o i l  f i r i n g  r a t e  between burns and during burning of cars  could be 
during i n i t i a l  warmup and between burns, and be f u l l  open while the cars  a re  
burning. 
held at  a constant r a t e  of 20 gph. 
during the f i rs t  30 minutes, 150 gal during the remaining 7% hr of the  8-hr 
working day, and 10 g a l  dur ing  the  30-min, lunch period, f o r  a t o t a l  of 175 ga l  
per  day. 

T h e  afterburner would thus  consume 16 g a l  

COSTS AND THROUGHPUT 

Cost of Construction 

The i n i t i a l  cost  f o r  the s i n g l e .  and double-ended furqaces a re  given 
i n  Table I1 on two bases; (1) normal conditions of so i l ,  l e v e l  ground, avail-  
a b i l i t y  of second-hand s t r u c t u r a l  s tee l ,  and ( 2 )  added cos t s  where these f ac to r s  
are  not favorable. 
labor ra tes ,  etc.,  a s  ref lected i n  cont rac tor ' s  bids. It i s  conceivable t h a t  t he  
c o s t s  under the  normal corxlitions w i l l  be reduced i n  some cases9 as  with a second- 
hand o i l  burner, existing f u e l  tank, e t c ,  The cos ts  a r e  exclusive of land. 

The ac tua l  cos t s  i n  any case w i l l  depend on l o c a l  conditions, 

The contractor 's  supervision and p r o f i t  i s  included i n  the items and 
does not appear a s  a separate item. 
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Table 11. Cost of Construction 

Item 

Single-Ended Double-Ended 
Furnace Furnace 

Normal ,Possible Normal Possible 
Costs Extras Costs Extras 

Excavation and f i l l i n g  300 
Pil ing 
Footers L00 
Concrete f l o o r  and aDron( s), stackbase 800 - . _  
Rails and t i e s  
Concrete blocks and mortar 
Firebricks and mortar 
Cei l ing , re f rac tor ies  and insulat ion 
S t ruc tu ra l  s t e e l  
Doors, insulated 
Roof, burner shed, erected 
Stack erected 
O i l  burner, i n s t a l l e d  
O i l  tank i n s t a l l e d  
Overfire j e t s ,  blower 
S tee l  cdr t (s )  fabr ica ted  
Mason labor  
Welding labor, misc. 
Elec t r ic  v i r i n e  
Winches 
Painting 
Pyrometer, i n s t a l l e d  
Fees for. permits 

Normal cos t  
Possible ex t ras  
Normal cos t  plus possible ex t r a s  

100 
800 

1800 
8 15 
250 
600 
h50 
1200 
1600 
800 

1000 
200 

2000 
350 
425 
335 
200 
300 

2.5 

-0 

$20,L25 
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400 
700 .~~ 

500 
L75 1050 

160 
800 

1800 
815 

250 300 
loo 1200 

2000 1200 
1300 

1600 
200 800 

800 
300 Loo 

2000 
37 5 

300 L25 
300 37 5 

200 
300 

50 25 

ImEZ - 
W 7 5  

$22p50 

800 

L75 

300 
200 

2000 

200 

600 

300 
300 

50 

$5225 

- 



Annual and Unit Costs 

The cos t  of operation w i l l  vary with labor  r a t e s  and the cost  of o i l ,  
as w e l l  as with the product ivi ty  achieved. 
with the expectation tha t  t he  reader w i l l  make h i s  own adjustments. 

Table i s  offered f o r  guidance 

A s  po ten t i a l  users  of t he  burner w i l l  be in te res ted  i n  the added cost  

Delivery of bodies t o  t h e  burning s i t e ,  and removal t o  t h e  press  
of preparing auto bodies by the smokeless burner, a l l  c o s t s  are incremental t o  
open burning. 
w i l l  be considered t h e  same i n  each case. Some o i l  w i l l  be used t o  i g n i t e  t he  
bodies i n  e i t h e r  case, a n d b b e e n  omitted i n  Table 111. 

'It i s  assumed t h a t  one man and f o r k - l i f t  t ruck w i l l  be required f o r  
the burner beyond t h a t  f o r  open burning. Dai ly  operation f o r  8 h r  i s  assumed, 
with 4 hr  f o r  lunch. Production i s  assumed 5 days a week and b8 weeks a year 
t o  allow f o r  holidays, vacations and maintenance. Daily warmup of h r  i s  
offset by time t o  unload bodies l e f t  overnight, reloading, and other prepara- 
t ions.  
the single-ended furnace would requi re  20 min. 

The double-ended furnace would have a s-min. period between burns while 

The dai lgthroughput  of the double-ended furnace on the  above b a s i s  
would be 28 bodies m a x i m u m ,  with the l a s t  ca r s  l e f t  t o  burn out unattended. 
Similarly, the single-ended furnace would have a daily maximum throughput of 
20 bodies. 

On an annual b a s i s  the production i s  assumed at 90% of the theo- 
r e t i ca l ,  which i s  equivalent t o  1 day l o s t  time per  10 working days during a 
&wk work year. 

The investments assumed i n  Table E1 are the  "Normal Costs" plus one- 
half of t he  "Possible Extras". 
ou t lay  may be more or less .  
minor on an annual basis.  

Depending on circumstances, t he  ac tua l  c a p i t a l  
I n  any case, the c a p i t a l  cost  i s  r e l a t i v e l y  
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Table 111. Annual Capi ta l  and Operating Cost 

Single-Ended Double-Ended 
Burner Burner 

Amortization i n  10 years  
$18,088 f o r  single-ended burner 1809 
19,b38 f o r  double -ended burner 

I n t e r e s t  @ 6% f o r  unanortized balance 543 
Direct labor 8000 
O i l  @ 175 gpd x 2bO x $43.12 50110 
Fork-lif t  truck @ i62.50/hr 48800 
ELectric power, 7.5 hp: 550 
Maintenance 1000 
Miscellaneous 

Value of non-ferrous metals assumed 
equal t o  cost  of cleaning 

Tota l  

Annual output 
28 x 2bO x 0.90 
20 x 2bO x 0.90 
S t e e l  @ 1100 l b  

19bb 
583 
8000 
Sob0 
4800 

550 
1200 

0 m 
60b8 bodies 

4320 bodies 
2376 tons 3326 tons 

Annual cos t  per ton  of s t e e l  $9.32 %.83 
above cost  of open burning. 

above cost  of open burning. $5.13 $3.76 
Annual cost  per  body burned 
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SUMMARY AND CONCLUSIONS 

1. 
developed by several  firms t o  meet the requirements of l o c a l  and s t a t e  a i r -  
pol lut ion ordinances. 
chambers or e lec t ros t a t i c  p rec ip i t a to r s  f o r  eliminating t h e  smoke generated 
from the burning bodies. 

Large furnaces f o r  burning scrapped automobile bodies have been 

Smokelessness i s  achieved by  the  use of afterburner 

2. A double-ended shed-type furnace withla  smokeless afterburner was 
designed by the  authors f o r  burning up t o  28 auto bodies a day i n  an auto- 
wrecking o r  scrap yard. 
f i r eb r i ck  and used or new s t e e l  by l o c a l  contractors.  
type furnace was used t o  develop and prove the  design. 

The furnace maybe constructed from concrete blocks, 
A single-ended proto- 

3. 
accomplished on simple rail-supported ca r t s .  
one atop the other, i s  burning i n  the double-ended furnace, t he  operator can 
unload and reload the second c a r t  by means of a large f o r k - l i f t  truck. 
burning time i s  30 minutes and t h e  shu t t l i ng  of t he  two c a r t s  can be done i n  5 
minutes by a winch. . 

4. 
v i s ib l e  fume by maintaining l50OF' i n  t h e  afterburner and over 3& excess air. 

The t ransfer  of auto bodies i n t o  and out of t h e  furnace i s  readi ly  
While one cartload of  two bodies, 

The 

.Smoke emission from the stack can be controlled a t  w i l l  t o  the f a i n t e s t  

5. A d a i l y  consumption of 175 ga l .  of No. h f u e l  o i l  i n  the afterburner, 
o r  the equivalent i n  na tura l  gas, would suf f ice  f o r  smoke control. 
control  damper, preferable on the stack, must be used t o  achieve f u e l  economy. 

6. The t o t a l  pa r t i cu la t e  matter (dust)  i n  the exhaust gas was determined 
as 0.51 l b  per 1000 lb  of f l u e  gas corrected t o  50% excess a i r .  The dust was 
33% ash'and 67% carbon. Although t h i s  dust loading i s  wel l  within the common 
l e g a l  l i m i t  of 0.85 l b  per  1000 lb of flue gas, some fu r the r  reduction may be 
made by  a higher temperature i n  the  afterburner, s o  as  t o  burn the  carbon tha t  
escaped a t  1532F avg. breeching temperature. 

7. 
t o  operate, should range between $17,000 and $22,000. 
would cost  only about $600 l ess .  

0. 
operated 216 f u l l  days a year. 
a capacity of only L320 bodies. 
spective tonnages would be 3326 and 2376 a year. 

9. The c a p i t a l  and operating cost  of t he  double-ended furnace i s  estimated 
a t  $3.76 per  body o r  $6.83 per net  ton of s t e e l  above the cost  of open burning. 
Similarly, the cos t  of burning would be $5.13 per body or $9.32 per net  ton with 
the  single-ended furnace. 

10. 
t o  t h e  authors, w i t h  checks made payable t o  "New York University". 
and conditions may require the services  of consulting engineers t o  specify 
foundations and t o  submit plans f o r  approval by l o c a l  au thor i t ies .  

A d raf t -  

The complete cost of construction f o r  the double-ended furnace, ready 
The single-ended furnace 

The double-ended furnace has an annual capaci ty  of 60h8 bodies when 

A t  1100 l b  of clean s t e e l  per body, the re- 
On the same basis ,  t he  single-ended furnace has 

Plans of the body burners are  available a t  $5 a se t  by wri t ten request 
Local codes 
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APPENDIX 

The average ma te r i a l  balance f o r  the  tests, exclusive of the uann- 
up periods, is given i n  Tablem. 

TableIV. Mater ia l  Balance During Test Burns, Avg. 

Input 

2 Auto bodies 
Afterburner and ign i t ion  o i l ,  16.75 gal.  
Dry ~iir 
Air moisture 

T o t a l  l b  

output 

2 Burned auto bodies 
Ash and metal  on f l o o r  
Dry f l u e  gas 

&5'9 lb 
17 80 

1Q7 h3 
co2 
02 
N9 L 

Flue dust  
Moisture i n  f l u e  gas 

To ta l  l b  

&/Burn 

u 9 7 9  

W O  

2993 
13 2 

76 

2h61 
10 

u982 

5. 
722 

Tpn 

Lb/Body 

llr97 
66 

1230 
5 

6991 

3 
361 

W O  
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The average heat balance i s  given i n  Table V . Because the 
primary furnace was cold a t  t h e  beginning of most t e s t s  and had on ly  p a r t i a l l y  
warmed i n  a few burns, the heat l o s s  from t h e  furnace and the o i l  consumption 
were both higher than would p reva i l  with more continuous production. 

assumed on the b a s i s  of carbon and hydrogen available fo r  combustion in 
cellulose,  rubber, ce l lu lose  n i t r a t e  paint  and p las t ics .  

A heating value of 17,000 Btu per l b  of combustible C and H w a s  

Table V . Heat Balance During Test Burns, Avg. 

Btu/Burn 

2, h50,OOO 
5 350 000 

Calor i f ic  value of o i l ,  16.75 g a l  x l.b6,370 
Calor i f ic  value of body combustible, 315 x 17000 

To ta l  7,800,000 
Output 

Sensible heat t o  auto bodias 
Sensible heat t o  o f f a l  
Sensible heat t o  c a r t  ~, ,  
Sensible heat t o  dry  f l u e  gas 
Sensible and l a t e n t  heat t o  moisture 
Heat l o s s  from furnace and unacct. f o r  

Tota l  

31 

275,000 
800 

60, ooo 
5, ~20,000 
1.169,ooo 

~ 875- 200 ip$m 

Btu/Body 

1,225,000 
2,675, 000 
3y9OOyOOO 

137,500 
It00 

30,000 
2,7 10,000 
581r,500 
It37,600 

3,900yOOO 




