
Design of Cornposting 
Ventilation System 

For  Uniform Air Distribution 
A key to th,is design for uniform air  distribution  is a computer program which  helps 

determine  the  number of holes  needed  per  section of pipe. 
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VENTILATION is at  the center of our ap- 
proach to composting process control 
(1-4). The strategy is  to  manage ventila- 
tion as a means of heat removal, to pre- 
vent excessive accumulation leading to 
inhibitive temperatures. The main  mecha- 
nism  of  heat  removal  is the vaporization 
of water, thus the material tends to dry. 
Since the vaporization is  driven by heat, 
and the heat is generated through waste 
decomposition, the drying represents  the 
progress of processing. The strategy is 
implemented  via a temperature feedback 
control system, which communicates de- 
mand for heat  removal  from the compost- 
ing  mass  to a blower. This constitutes a 
time-variable, interactive, control sys- 
tem. Because the amount of air needed for 
heat  removal exceeds that  needed to sup- 
plyoxygen, the mass is  well oxygenated. 
Forced-pressure ventilation is preferred, 
rather  than the vacuum-induced mode, as 
it removes  heat  and water more efficiently 

If the composting mass  is in the form of 
a lengthy pile, a problem arises involving 
the uniform delivery of air in the longitu- 
dinal dimension. A means of providing 
air uniformly is developed in the  present 
paper. 

( I ,  5-6). 

Distribution of Air 
If the area of air holes is uniform along 

the  length  of the duct, delivery of air to 
the pile is non-uniform in the longitudinal 
dimension. This is because more air exits 
from  the part of  the  duct close to the 
blower than  from  the  distant part. Conse- 
quently, the part of  the  pile close to the 
blower  is overventilated (too cool) and 
the  more distant part underventilated (too 
hot). Moreover, it is desirable to place 
blowers at only one end  of  the pile, to 
simplify  the installation and to economize 
on space. 
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A means of providing air uniformly in 
the longitudinal dimension is to  vary the 
size and/or spacing of the air holes along 
the length of the duct, such that the 
amount of air vented  is similar regardless 
of distance from the  blower. A computer 
program is presented  herein  which  per- 
mits  the  user to determine the number of 
evenly spaced holes-of a given hole 
size-necessary  to  supply a given  amount 
of air to a 5 foot  section of pipe. Each 
succeeding 5 foot section is treated sepa- 
rately. A spacing scheme for one to 20 
holes per section  is  stored in the program. 
Depending on  the  length  of  the pile, it 
may  be advantageous to increase the size 
of the holes in progressive sections of the 
pipe. 

Airflow  Calculation 
The airflow  out of each  hole in the duct 

is  calculated  through  the  use of two equa- 
tions. The first  involves the pressure drop 
in the pipe, as follows: 

npv? A P  = , (1) 
2D 

where, 
f = the Mood) frictlon factor (dimens~onless): 
L = the length of pipe (ft): 

p = fluid denslt! ( S l U E ” )  : 

V = velocity ( ft ) : and. 

D = pipe dlameter ( i t ) .  

ft’ 

SCC 

Comments on these  factors  are as fol- 
lows: 

M n o ~ ~ f r i c . r i o r l ~ ~ c t o r  If). Tables of val- 
ues  of  this factcr are found in fluid dy- 
namics textbooks (e.g.. 7). Also, the 
Fanning friction  factor may  be  used (Fan- 
ning  factor = Moody factor/4). For the 
present application (commercial  pipe, 
high velocity) the  Moody  friction factor is 
roughly 0.02. 

M.S. FINSTEIN 

Length of pipe (L). This refers  to  the 
total  length  of pipe, including parallel 
lengths where appropriate. 

Fluid density (p). The value used in the 
program  is p = 0.00238 slugs per foot. 

Velocity (V).  This is the mean cross- 
sectional velocity. 

Diameter (0). The user selects the  pipe 
diameter. 

The second equation is  used  to calcu- 
late the aifflow out of each hole, as fol- 
lows: 

v, = (pd”c,-pc.,tf ; (11) 

K 

where, 

V, = the exit veloclty (2) : 

P,,,,= the pressure in the Ib 
sec 

duct at that po in t  ( __ ) ’ 
ft? 

P,,,, = the  pressure in  the pile;  and. 
K = constant (dimensionless). 

Comments on these factors are as fol- 
lows: 

Pressure in  the  pile. Since instanta- 
neous pressure should not vary along  the 
length  of  the pile, it is set equal to zero. 

Constant. In this program K is set  equal 
to 0.34. This is based  on  the assumption 
that the pressure drop occurs mainly  at  the 
entrance to the hole, and  that  the  hole is 
circular and square-edged. 

Computer  Program 
Background 

User Knowledge 
Here is a list  of things the  user  must 

know to enter the program: 
Pressure at  entrance t o  ducr (Ibe’). 

The pressure at the entrance to  the first 
section of pipe  must  be known. The pres- 
sure at this point is the pressure at the 
blower (e.g., as specified by the manu- 



The  pressure at the  blower 
must  provide adequate 
pressure  to the terminal 
section of pipe. 

facturer) minus the pressure drop over the 
distance to the first section.  The user 
should also  subtract  the  pressure  loss 
from  the ductwork to  the outer  edge of the 
pile (the pile backpressye). If this is  not 
known, a conservative estimate is 1 .O lb/ 
ft’. The pressure  at  the exit of the first 
section  is  the entrance pressure at the sec- 
ond sectionretc.  The  pressure at the 
blower  must provide adequate pressure to 
the terminal section of pipe. This is satis- 
fied  when  the number of  holes  required in 
the terminal section is <20, and the re- 
quired  hole diameter is  reasonably less 
than the pipe I.D. Use of a blower deliv- 
ering  higher  pressure  than  necessary 
yields a solution involving fewer holes 
and/or smaller holes, but this represents 
an  uneconomical approach. A suggested 
first approximation for pressure at the 
blower  is 6.0 lb/ft2. 

Flow at  entrance  to  duct ( c f ) .  Like 
pressure, the initial air flow is selected on 

the basis of blower specifications. The 
entrance flow to the second pipe section is 
that of the exit flow from the first section, 
etc. 

Exit flow from  the holes (cfs). Estima- 
tion of the required airflow from the holes 
into the cornposting mass  is  based on the 
behavior of pile 9 A  (8-9), which is the 
largest relevant pile in our experience (ap- 
proximately 40 initial wet tons of a mix- 
ture of primary sewage sludge and wood- 
chips). This pile was ventilated by six I / j  

h.p. blowers, with three blowers at each 
end  of the pile. The blowers were oper- 
ated in unison. Each blower discharged 
into a 20 foot length of perforated duct, 
which  was capped at the distal end. Since 
the total  length  of perforated duct was 120 
feet, for calculation purposes there are 
twenty-four 5 foot sections. 

Pile 9A exerted a peak demand for ven- 
tilation of 71.3 cubic feet per minute per 
wet ton, and a total demand (12.9 day 
composting period) of 307,000 cubic feet 
per wet ton. (Demand is exerted via a 
temperature feedback control system - 
see 1-4.) The value needed  herein is that 
of  peak demand, and for present purposes 
this is  rounded off to 80 cfm per  wet ton. 
Taking the pile weight as 40 wet tons, the 
peak demand for the entire pile was 3200 

cfm.  Thus, each 5 foot section required 
133.3  cfm. For use in the program this is 
converted to cfs (2 .22 cfs). 

Duct  pipe  diameter vi). The use of 
standard pipe ID’S is recommended. 

Friction factor. This depends on  pipe 
size, material, and airflow, as described 
above. 

Hole diameter, in 32nds of an inch. 
Different values should be entered in dif- 
ferent runs of the program to find the best 
combination of number and size of  holes 
for each 5 foot section of pipe. An input 
of 99 will  end the program. 

output 

The hole The numberof Exit flow Pressurr at 

(Inputted) by computer holes section 
sise holes selected from the the end of the 

Two output values are provided  each time 
the  program  is run. The first  is  the value 
for the number of holes giving slightly 
less than the desired exit flow. The sec- 
ond  is  the value for the number of holes 
giving slightly greater than  the desired 
exit flow. 

Heavy-duty  ModuStor  tanks  are  available  in a wide  range  of  standard  diameters 
up to 120’ and wall heights  from 4’ to 15’. ModuStor  tanks  feature  prefabricated 

9 bolt-together  steel  components  that  anchor  permanently  to  concrete  footings. A 
variety  of  compatible  liner  materials  for  virtually  all  liquid  containment  needs  is 
available as well as floating  or  rigid  covers. 

O ~ H E R  LOW-COST MODUT~NK SYSTEMS: 
ComPakt-250 to 1,500 gallons 0 EconoStor-2,000 to 18,000 gallons 

ModuTank”8,OOO to  unlimited  gallons 
ModuTank Inc. 
29-24  40th Ave. ,  Long Island City, N.Y. 11101 (212) 392-1112 , 
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Notes 
The first step in putting the prognm on 

line is to establish the file on  hole spac- 
ing. This is provided in Table 1 (the 
“H.DAT” file). 

All of the  values  inputted  to run the 
program  must be real numbers, rather 
than integers. Always include a decimal 
point. 

List of Variables 

A L  (20.21) A m y  storing  spacing  between 
each  hole  for 1-20 holes. Does not 
change  through  the  program. 

lines 290. 330 and 240 

change. Used for  program t o  

CFS 
remember  initial  pressure. 
Flow in pipe (CFS).  Changes in 
lines 270 and 310. 

CFSM  Flow in pipe (CFS). Does not 
change  (used  like PREM) 

FF 
DUCT 

Friction  factor.  Does not change. 
Duct diameter in feet.  Does not 
change. 

EXF Exit flow from  holes in CFS. Does 
not change. 

I (First  use)  Counter  for  tilling “AL” aTdy 
(Llne 150). 

(Line 150) and  line 320. 

inch).  Changes in line 180. 

PREF Duct pressure in PSF. Changes in 

PREM  Duct pressure in PSF. Does not 

J Counter  for  tilling “AL” a m y  

DIA  Exit hole  diameter  (32nd’s of an 

Table 1. “H.DAT” (hole datal file 

0 . 5 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .  
0 . 2 . 5 2 . 5 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .  
0 . 1 . 6 6 7 1 . 6 6 7 1 . 6 6 7 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .  
0 . 1 . 2 5 1 . 2 5 1 . 2 5 1 . 2 5 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0  O . O . O . O .  
0 . 1 . 1 . 1 . 1 . 1 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .  
0 . 0 .  1 . 6 6 7 0 .   1 . 6 6 7 0 .   1 . 6 6 7 0 . 0 .   0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .  0 . 0 .  0. 
0. .7083 ,7083 ,7083 ,7083 .7083 .7083 ,7502 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.  0. 
0 . 0 .  1 . 2 5 0 .   1 . 2 5 0 .   1 . 2 5 0 .   1 . 2 5 0  0 . 0 .  O . O . O . O .  0 . 0 . 0 .  0 . 0  
0. .5521 .5521 ,5521 ,5521 ,5521 ,5521  5521 ,5521 .5832 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
0 . 0 . 1 . 0 . 1 . 0 . 1 . 0 . 1 . 0 . 1 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . - 8 .  
0. ,4583 ,4583 .4583 ,4583 .4583 ,4583 ,4583 ,4583 .4583 4583 ,4170 0. 0. 0. 0. 0. 0. 0. 

0.  0. ,8333 0. .E333 0. .E333 0. ,8333 0. ,8333 0. ,8335 0. 0 0. 0. 0. 0. 0. 0. 
0. .3854 ,3854 ,3854 ,3854 -3854 ,3854  ,3854 .3854 .3854 ,3854 ,3854 ,3854 ,3752 0.  0.  0. 

0. 0. ,7083 0. .7083 0. ,7083 0. ,7083 0. .7083 0. .7083 0. ,7502 0. 0. 0. 0. 0.  0. 

0. 0. 

0. 0. 0. 0. 

0. .3333 ,3333 ,3333 ,3333 ,3333  ,3333  ,3333 ,3333 ,3333 ,3333 ,3333 ,3333 ,3333 ,3333 
,3338 0. 0. 0. 0. 0. 

0.  0. ,625 0. ,625 0. .625 0. ,625 0. .625 .O .625 0 .625 0. ,625 0. 0. 0. 0. 
0. ,2917 ,2917 ,2917 .2917 ,2917 .2917  ,2917 ,2917 ,2917 ,2917 .2917 ,2917 2917 ,2917 

,2917 ,2917 .3328 0. 0.  0. 
0.  0. .5521 0. .5521 0. 5521 0. .5521 0. ,5521 0. ,5521 0. .5521 0. .5521 0. .5832 0. 0. 
0. ,2604 2604 ,2604 ,2604 ,2604 ,2604  .2604 ,2604 -2604 ,2604  ,2604 ,2604 .2604 2604 

,2604 ,2604 ,2604  .2604 ,3128 0. 
0. 0. .5 0. .5 0. .5 0. .5 0. .5 0. .5 0. .5 0. .5 0. .5 0 .5 
0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .  

An Enclosed,  Economical,  Energy-Efficient  Composting  System 

in  Key  West, Florida and  Altoona,  Pennsylvania 

For  detailed  information on composting  municipal 
solid  wastes in a  carefully-engineered  resource 
recovery  system  that converts organics  into 
marketable  humus  products,  contact: 

Fairfield  Digesters: 
Self-Generated  Temperatures of 

Continuous  Flow  Aerobic  Ther- 

No artificial heat  source  is  re- 

Multiple  auger-type  aerators 
About five-day  retention  before 

Automatic  temperature  control 

150”  F 

mophilic  Type 

quired 

material  discharge 

via  air metering 

James S. Coulson 
Fairfield Service Co., 
PO. Box 354,  Marion,  Ohio  43302 
Telephone  (61  4)  387-3335  Telex  24-6636 
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IF (DIA,EQ.~~ . )GO  TO 390 

GO TO  250 
N =  1 

N=N+ I 
FS=FL 
~ R E S = P R E F  
FL=O 
PREF=PREM 
CFS=CFSM 
DO 3101=I,N 
pREF=PREF-(AL(N,I)*(CFS**2)/ 
(DUCT**5)*FF/559.0) 
FL=FL+(O.W27S*(DIA**2)*(PREF**0.5)) 
CFS=CFSM-FL 
J = N +  I 
pREF=PREF-(AL(N,J)*(CFS**2)/ 
(DlJCT**S)*FF/S59.0) ~- - - 
IF(FL.LT.EXF)GO TO 220 
WRITE(5.460)N.DIA.FL.PREF 

WRITE(5,460)NC,DIA,FS,PRES 
GO TO 170 
STOP 
FORMAT(‘ ‘,‘INPUT  ENTRACE 
PRESSURE IN PSF‘) 
FORMAT(‘  ’,‘INPUT  ENTRANCE 
FLOW IN CFS’) 
FORMAT(‘ ’,‘INPUT  FRICTION 
FACTOR’) 
FORMAT(‘ ’,‘INPUT DIA IN 32NDS 
O F  AN INCH OR 99  TO  END’) 
FORMAT(‘ ‘,‘INPUT  DUCT 
DIAMETER IN FEET’) 
FORMAT(‘  ‘,‘INPUT  EXIT FLOW PER 
S FT  OF  DUCT IN CFS’) 
FORMAT(‘ ’,12.‘ HOLES’,F4.0,‘/32 
IN.’,F7.2’,  CFS’,F8.2’,  PSF’)” 
END 

NC=N- I 

Discussion 
Use  of a  temperature feedback control 

system and  forced pressure ventilation  to 
regulate temperature,  as  summarized in 
the  introduction, is the  basis of the 
Rutgers Static Pile Composting  Process 
(1-4, 8-9). The  preference for the forced 
pressure  mode of ventilation is  based on  a 
comparative field trial and theoretical 
consideration (1,5), as reiterated in an in- 
dependent theoretical consideration (6). 
The  advantage of basing  process control 
on temperature feedback  and  forced  pres- 
sure, in-reference  to temperature regula- 
tion, was  verified in an independent  com- 
parative  trial (10). 

In  the  developmental  phase of the 
Rutgers Process, non-uniform distribu- 
tion of air was  not a significant problem. 
This probably  reflects  the  use of relatively 
small, pilot scale, piles (4 to 40 initial  wet 
tons).  Furthermore the larger piles, in- 
cluding the one used as the model herein, 
were served by blowers at both ends of 
the  pile,  and  the  longest  continuous 
length of perforated duct was  only 20 
feet.  Routine operation, however,  would 
involve longer piles, and it is desirable to 
place  the blowers at only one end. This 
would  result in non-uniform ventilation, 
leading to poorer process performance. 

Call or write today for  more  details 

Full range of screening 
and stockpiling  equipment  available. 

Powerscreen  (Western) 
9725  Brighton Road 
PO Box 172 
Henderson, CO 8 0 6 4 0  

Powerscreen  of  America, Inc. 
725  Beanblossom Road 
Louisville, KY 40213 

(303) 287-8939 

(502) 367-0196 
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Hence the need for the design protocol for 
uniform air distribution presented herein. 

In the Beltsville Static Pile Process (11- 
13) the problem of air distribution is in- 
significant, even at large scale facilities. 
This is because temperature is not deter- 
mined by ventilation; rather,  it is deter- 
mined by the upper limit of the compost- 
ing ecosystem’s  tolerance  to  harsh 
temperature (2). Consequently  the 
ecosystem  experiences  uniform,  self- 
imposed, inhibitive temperatures, retard- 
ing decomposition. One of the manifesta- 
tions of inhibited activity is inhibited 
consumption of oxygen. Hence, the pre- 
scribed ventilation, though slight,  suf- 
fices to maintain an oxygenated condi- 
tion. In this circumstance non-uniformity 
of ventilation does not significantly affect 
process performance. 
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The Stallion Sludge System 
spreads  it  better,  faster performance. Every Stallion Sludge Center-hinge Unit is  built  steering for high 

oscillates and articulates  for superb 
maneuverability.  Added to 4-wheel  drive, 
Stallion takes on the roughest field condi- 

The  Vacuum  pressure pump is PTO 
driven for trouble free operation. Flick of 
the wrist control allows you to  switch from 
vacuum to pressure application. Tanks  are 
available in a range  of  sizes from 1600 
gallons through 3600 gallons. 

The Stallion Sludge System. . .designed 
to reduce down-time and hold maintenance 
to a minimum. 

For  Full  Details, 
Write or Call  Jim  Davis 

and more  economicdly . . . tions twelve months of the year. 

BEILER EQUIPMENT 
company,  inc. 

Phone: (301) 928-3000  or  928-3009 
R.D. 1-MASSEY,  MARYLAND 21650 
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