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FOREWORD

THIS VENTILATION SYSTEM COMPLIANCE GUIDELINE WAS PREPARED BY THE AMERICAN BOAT
AND YACHT COUNCIL (ABYC), A NON-PROFIT PUBLIC SERVICE ORGANIZATION, UNDER A
U.S. COAST GUARD CONTRACT AWARDED TO ABYC PURSUANT TO THE AUTHORITY CONTAINED
IN SECTION 25 OF THE FEDERAL BOAT SAFETY ACT OF 1971 (P. L. 92-75).

THIS GUIDELINE DOES NOT DICTATE THE METHODS A MANUFACTURER MUST FOLLOW TO
COMPLY WITH THE REGULATIONS, BUT IT IS INTENDED TO BE USED AS A GUIDE TO
METHODS WHICH, IF THEY ARE FOLLOWED, WILL BE ACCEPTABLE TO THE COAST GUARD AS
MEETING THE INTENT AND PURPOSE OF THE REGULATIONS.

THE MEMBERS OF ABYC HAVE MADE EVERY EFFORT TO MAKE THIS GUIDELINE ACCURATE AND
CONSISTENT WITH THE VENTILATION SYSTEM REGULATIONS, AND THE COAST GUARD HAS
REVIEWED IT FOR ANY INCONSISTENCIES. IN CASES WHERE IT APPEARS A CONFLICT MAY
EXIST, HOWEVER, USERS OF THIS GUIDELINE SHOULD ADHERE TO THE REQUIREMENTS OF
THE REGULATIONS AND NOT THE SUGGESTED METHODS FOR COMPLIANCE DESCRIBED IN THIS
GUIDELINE. ANY QUESTIONS SHOULD BE DIRECTED TO YOUR COAST GUARD DISTRICT
BOATING STANDARDS OFFICE.

THE COAST GUARD WISHES TO THANK THE MEMBERS OF ABYC WHO CONTRIBUTED THEIR
PERSONAL TIME TO THE DEVELOPMENT OF THIS COMPLIANCE GUIDELINE. THE GUIDELINE
WILL. AID SMALL VOLUME BOATBUILDERS WHO LACK LARGE ENGINEERING STAFFS AND
EXTENSIVE ENGINEERING CAPABILITIES IN COMPLYING WITH THE REGULATIONS. THE
RECREATIONAL BOATING PUBLIC WILL SOON REALIZE THE BENEFITS OF THE VENTILATION
SYSTEM REGULATIONS THROUGH A REDUCTION IN THE INCIDENCE OF FIRES AND
EXPLOSIONS ABOARD RECREATIONAL BOATS.

Rear Admiral, U. S. Coast Guard
Chief, Office of Boating, Public,
and Consumer Affairs

Dist: (SOL No. 114)
A: None
B: c(6); n(50)
C: None
D: None
E: None
F: None
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I VENTILATION SYSTEM
COMPLIANCE GUIDELINE
INTRODUCTION

Tlic tentilitioti rc,!datton is tt-e third ot' a series of interrelated regulations designed to reduce accidents involt i
Ii les arid C~plostoiis onl hoativ The other two regulations are 33 CFR Subpart I Electrical Systems and 33 CFR

.suhp.11 J Fuie Systemns. Vent lat ins role is to remove poteintially flammable and) explosive vapors that may occur
1dii totl:J opelaiin of ai hot. Veittilationi call not he relied upon to maintain a safe atmlosphere in thle

pi esence of leaking fuel (Ir 1liqud fuel.

III crisidet itinm ot thle staited Iinritat iinsthfie regulation has selected critical areas pertainino it) ventilation sserns,
Iii utilie stanpin)Mt of Safety and i ipulaies requirements toi assure good practice is adhered to in these areas. Thcre
its\ he mtor e thIian one solttion to ftle pr ohl ci of pi ivid ing souffic ien t vetiila tion for a particular boat. The regu 1:
i olfti iltemtuies and states tiost of' thle reqiuiienients inl terms of' perforimance. The provision of these :ihternia
useos and the posible iiterpi etatiionrs ot' the requirements may he confusing ito those using these reutulatijons.

Retilatons ate typically wvritteii ill concise terms. the words and arrangement chosen ito he enforceahle and inl some
,,Ise,,t ii e Interpreted legally. This tIjimat prohibits explanaiionisreconumntna t ions, and easily deltcted alteirat
soliitins. to be inclIuded. A regulaitioin provides an outline ahout which a great deal of further informnatloit. inicrpre
ituri. e\planation. clarification and some helpful hints are neceded in order to provide a good understanding of and
to aid inl :ompliance with, its intent.

The Vetkitiionl System Compliance Guiideline attempts to fulfill the needs of' thre average boithuilder in ordei ito
asitin 01lreving :,,inpliance with the ventilation regulations. It explains, interprets. clarifies, discussesalternates.

dualzianis . taitlites. utrakes, somie r ecommenid:t tions and in general comnplemients the regulation to improve thle boat
bidet' unirdei stand-ing

CAUTION

This guideline onl\ addresses provisions of the Federal Regulations. It is not a complete engineering
manual for the design of ventilation systems for boats. There are other manuals and standards allailable
for this purpose.

THE GUIDELINE FORMAT

The tot mit of this niudeline has been chosen to follow the sequence of' requirements in thle ventilatiotn regulation.
()b~wII 'iislviiet si angetienis" 'ould have heen chosen, however this format provides, thre many boathuuilders and

outi1ponert utpphieis wilh l folliwed the development of the regulations a familiar sequence ift inftormatioin.
herch-\ tediu'ing :ofit tusitln

I alh pt i ie lic etiutit has heeti si~ited inl the bo\ identified by) IT'S THE LAW. The etfectIse date of tile
tei(LtIItIetIII is titch a11d .1 discusioni follows. The discussion explains, interprets. clatifies. identifies, inteidepenid
cii e tt Iteqiniretttetiand is designed to impiove thle utiderstandirig oft thie inteint oi'fithe rcgtilatory\ ieqtitiement
I) nim inie freel% used and tahles included wherever they canl he helpful.

rile div11101 ussiui . lgiittS. aid tables ate tollowked h% a box identified byr DO YOU COMPLY, which asks qtestions
1 kIc l 'I l.riwer trust he NTS if' compliance is ito he achrieved . Tisi provides a checklist tfirl each regulatory
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IT'S THE LAW
1 3.601 APPLICABILITY

N1is subpart applies to all boats that -

(a) Hae gasoline engines for electrical generation, mechanical power, or propulsion: and

(b) Are built after July 31. 1980, except that a manufacturer may elect to comply
%%ith this subpart at any time after July 31, 1978.

FIGURE 1 -APPLICABILITY

THIS SUBPART APPLIES TO ALL BOATS THAT HAVE GASOLINE ENGINES FOR-

ELECTRICAL GENERATION

-OR PROPULSION /MECHANICAL POWER

INBOARD

OUTBOARD

7



DO YOU COMPLY
To determine if this regulation is applicable:

- Was the boat built after July 31, 1980?

- Is there a gasoline engine on the boat? (



DEFINITIONS

AMCA

ASIMJ

l~uel

Opel' to the Almosphi'e

U1
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IT'S THE LAW
183.605 DEFINITIONS

As used in this subpart -

"'AMCA'" means Air Moving and Conditioning Association.

183.607 INCORPORATED BY REFERENCE

(a) 1) AMCA Standard 210-74, Figure 12, dated 1974.

Air Moving and Conditioning Association

30 West University Avenue
Arlington Heights
Illinois 60004

Note 1. The present nanc for AMCA is now Air Movement and Control Association, Inc.

Note 2. Sce 1,3. 6 10(b) fjr reference to AMCA.

Note 3. ( 183.6 07(b) The Director of the Federal Register approved the incorporation by reference on March
24. 1978.

Note 4. (183.607(a) This standard is incorporated in the regulation by reference. Copies may be obtained
Jr m the AMCA. It is also available for inspection at

US. c oast Guard Headquarters. Room 4220
2100 Second Street, S. W.
Washington, D.C 20593 and

Ofjfice of the Federal Register Library. Room 8401
1100 L Street, N. W.
Washington. D.C. 20408

10



NOI15 - The pertinent portions ot AMCA 210 - 74 are as follows

AMCA STANDARD 210-74 ASHRAE STANDARD 51-75

LABORATORY METHODS OF TESTING

FANS

FOR RATING P~URPOSES

Published by

Air 'Moving and (Conditioning Association, Inc.

and

American Society of Heating, Refrigerating
and Air-Conditioning Engineers
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LABORATORY METHODS OF TESTING FANS FOR RATING PURPOSES

1. Purpose 3.3 Flow Rate and Velocity. The unit of

The purpose of this Standard is to estab- flow rate is the cubic foot per minute, desig-

lish uniform methods for laboratory testing nated cfm. The unit of velocity is the foot
of fans and other air moving devices to deter- per minute, designated fpm.
mine performance in terms of flow rate, pres- 3.4 Pressure and Head. The unit of pressure
sure, power, air density, speed of rotation, and is either the inch water gauge, designated in.

efficiency, for rating or guarantee purposes. wg, or the inch mercury column, designated

It is not the purpose of this Standard to in. H1g. The unit of head is the foot-pound

specify the testing procedures to be used for per pound mass, properly designated ft-lb Ibm,

design, production, or field testing. but commonly designated ft of air. The in.
wg shall he based on a one inch column of

2. Scope distilled water at 68 F under standard grax ity
and a gas column balancing effect based on

This Standard may be used as the basis standard air. The in. fIg shall be based on a
for testing fans, blowers, exhausters, com- one inch column of mercury at 32 F under
pressors, or other air moving devices when standard gravity in vacuo.
air is used as the test gas. 3.5 Power. Energy. and Torque. The unit of

Circulating fans such as ceiling fans and power is the horsepower. designated hp. or
desk fans are not within the scope of this the watt. designated V. In this Standard. the,
Standard. Compressors with interstage cool- latter is used only for electrical power mnas-
ing are not within the scope of this Standard. arements. The unit of energy is the to-
Positive displacement machines are not within pound, designated ft-lb. The unit of torque
the scope of this Standard. is the pound-inch, designated l)-in.

The parties to a test for guarantee pur- 3.6 Efficiency. Efliciencies are expressed on
poses may agree on exceptions to this Stand- a Per iitiit eretge values Can he

ard in writing prior to the test. However, only obtained buy nultiplying by 100.
tests which do not violate any mandatory re- 3.7 Speed. The unit of rotational speed is
(Juhrements of this Standard shall be desig- the revolution per minute. designated ritm.
nated as tests conducted in accordance with 3.8 Gas Properties. The unit of densitv is the
this Standard. pound mass per culbic foot. designated Ibm
:;. Units of Measurement ft'. The unit of viscosity is the pound mass

per foot-second, designated Ibm ft-s. The unit

3.1 System of Units. U.S. customary units of gas constant is the foot-pound per pouu1

aLet' emploved in this Standard. Values shall mass-degree Rankine. designated ft-lb Ibm- I?.
le 1hased Im the National Bureau of Standards 3.9 Dimensionless Groups. Various dimen-

which, in turn, are based on the funda- sionless quantities appear in the text. ALy

nmentatl \alUes of the International Bureau of consistent system of units may lhe employed
Weights and Measures [31. The International to evaluate these quanlit ies unless a numeri-
System of Units (Le Syst~me International cal factor is included, in which case units must
(l'Unitts) [3] has not been employed in the be as sl)ecified.
text, hut Appendix A provides conversion fac- :3.10 Physical Constants. The value of stand-
tors and coelicients for SI and other metric ard gravitational acceeration shall be takt-it
units. is 32.1740 ft s At mean sea level at 45 lati-
3.2 Basic Units. The unit of length is either tude (4]. The density of distilled water at
the foot, designated ft. or the inch, designated saturation pressure shall be taken as 62.3205
in. The unit of mass is the pound mass. desig- Ibm ft' at 68 F [5]. The density of mercury
nated Ibm. The unit of time is either the at saturation pressure shall be taken at 848
minute. designated min. or the second, desig- .714 Ibm ft' at :32 F [5]. The specific weights
nated s. The unit of temperature is either the (lb ft') of these fluids in vacuo tinder stand-
degree Fahrenheit. designated F. or the de- ard gravity are numerically equal to their
gree Rankine, designated R. The unit of force densities at corresponding temperatures.
is the pound, designated lb.

AMCA STANDARD 210-71 ASHRAE STANDARD 51-75



4. Symbols and Subscripts
4.1 Symbols and Subscripted Symbols

SYMBOL DESCRIPTION UNIT
A Area of Cross Section ... ............... .... ft-
C Nozzle Discharge Coefficient ..... ................ dimensionless
D Diameter and Equivalent Diameter ................ ft
D, Hydraulic Diam eter ....................... ............... ft
e Base of Natural Logarithm (2.178 ...) ............ dimensionless
E Energy Factor ............................... dimensionless
F Beam Load ................................ lb
f Coefficient of Friction .......... ...... .......... dimensionless
H Fan Power Input ... .. ................... . ...... hp
H. Fan Power Output ....... .......... ...... hp
K, Compressibility Coefficient ... ......... ....... dimensionless
L Nozzle Throat Dimension ................................... ft
L, Equivalent Length of Straightener ................ ft
L,. , ILength of Duct Between Planes x and x' .......... ft
I Length of Moment Arm .................................. in.
In Natural Logarithm ............ ..........
M Chamber Dimension . . ..... ................. ft
N Speed of Rotation .... .. ..... .. ....... rpm
n Number of Readings ..................... .dimensionless
P. Fan Static Pressure ........ ..... ..... ..... in. wg
P, Static Pressure at Plane x n............ i. wg
P, Fan Total Pressure . ---. n.. .......................n...... . wg
Pe, Total Pressure at Plane x ............... in. wg
P" Fan Velocity Pressure .in..... ........ . wg
P11X Velocity Pressure at Plane x .... i.n..... ......... i. wg
ph Corrected Barometric Pressure .i......... n. Hg

Pe Saturated Vapor Pressure at t, .............. in. Hg
P" Partial Vapor Pressure .... ................ . in. Hg
Q Fan Flow Rate ............. .... ...... cfm
Q, Flow Rate at Plane x .................... ...... cfm
R Gas Constant .... .... .. . .............................. ft-lb lbm -'R
Re Reynolds Number ..... ......... ........... dimensionless
T Torque ....................... ............... lb-in.
t, Dry-Bulb Temperature ................ ..... F
t, Total Tem perature ..... .. .... F............ .......... ' F
t Wet-Bulb Temperature ........... F
V Velocity .............. ..... ......... ....... fpm
W Power Input to Motor ........................ W
X Function Used to Determine K, ............... dimensionless
Y Nozzle Expansion Factor ................ .. .. ........ dimensionless
y Thickness of Straightener Element .......... ft
z Function Used to Determine K, .................. dimensionless
a Static Pressure Ratio for Nozzles ............. dimensionless

Diameter Ratio for Nozzles .......................... dimensionless
y Ratio of Specific Heats .................................... dimensionless
AP Pressure Differential .......................................... in. wg
7) M otor Effi ciency .................................................... per unit
71, Fan Static Efficiency . .............. ...................... per unit
Y , Fan Total Efficiency ............................. .. per unit
A. A ir V iscosity ..................................................... Ibm 'ft-s
p Fan Air Density ................................. Ibm/ft'
p, Air Density at Plane x ................... ............... lbm.'ft .

Sum m ation Sign ....................................................

2 AMCA STANDARD 210-74 ASHRAE STANDARD 51-75



4.2 Additional Subscripts

SUBSCRIPT' HEIS('IPIOl(N

t 'cci rted \llii
Readccing

Illamvc 1), 1,2,... ais ajpropriate
Plante 0 (gecieracl test area)
Planecc I (ftall inlet)

* Ilaic 2 f an (lilt le't
P'lane 3 ( locu travi-'cSc stalticin I
I'Planel -1 (duct pit/c mc'tviti ttjiii
Pllli( 5 ( cIlp.zl' milt. Stat ion if) ch hib.

01I'laime 6 1 mcv.zv ilischtcrgc stttion)
* I'Planie 7 ic d~ct thamic me.,tsucrnc'ct stationc)

)'litte 8' ( ilct thiiiieti ceasuirenct'nt stationi

5i.1 Van 5.2.3 Wet-Bulb D~epression. Wet-itulb de'-
F.. ank. A tan is at device for mntjg aci pression is the difference between the dry-

\halt tit's it jccwer (driven rotattig in- bulb and wet-bult temperatures at the same
pliIct. A kai shall halve ati least one inlet location.

,cimm id ;if c icilest 'ne out let opening. The 5.2.1 Total Temperatutre. Total temperature
inwm i'sna'vl may o nta ot have elemenV~tS 1'01 is the temperature' which exists by virtue of

CMN1'il Ito duct -work. A fan may' havi' the internal a' (I kinetic ieergy of the air. ]I*
iitits itlnaimci's which affect petform- the air is at rest, the total temperature will

.ii'' It 1 is iott1-saV totstahlish which at- cnial the sttienprti.
Itiiltin~cl -It'tic t li be tonsideredl a part of the 5.2.5 Stat ic T1emperature. Stat ic temnpera'i-
ta;il li 4' 1l Jill tcuosis. t' is the temperittre which exists by virtue

.-.1.2 Fan Outlet Area. Fi-'a outlet area 'is 11 f the internal eniergy tof the air only. It' a
111 11'- insilt area nicascirid inl the ptlnt porionl of the internal energy is converted
1the 'iit let tipen intvs. For- roof vent ilat ors. into kinetic energy. the static tc'ntperat tire willI
I h it ;i shailt tcnsidered'( t he gross impvji- lie i i'ireaseil ac'or1Ai ngly.

'tllii'al for in r typea s o lt the gross 5.2.1; Air D)ensit y. Air density is the mass
riit ;iiia Mc the imipellir tor' axial types-. per unit volume cdt the air.

5.1.3 F'an Inlet A*~rea. Fan inlet aiea is the 5.2.7 Sta:ndard Air. Standard air' is alir withI
I ii5 iditi ;iiea nicasijiei in the planes (i'it a clnsit* of' 0.075 Ibm It., a rattioc (cl' specific

111, il.t 'intal(ct ions.- Fori converging inlets he'ats of 1.100, it viscoisity of 1.222 x 1) tRim
%%it (ttti tcoiicition i'lenc'ntsq. the inlet area It-S. and an ilbstilite tiressui'l of 10.1 in. wvg
shatll 1-i t'icisiclircd to he t hat where a platne. Air at 68 F". 50' relattive huimicdit y. and 29.92

piricndittla oi the ir~ stream, first meets in. fig has these properties. alprotximatc'lY
hiil ci mmit or tivone.

5.3 Pressure and Head
5.2 P' ithrc'me(rics 5.3.1 Pressure. l'resscc is butt'e per illt

5.2.1 I n- Bulb Temperatutre. I try-I milb tent- il'a. This ctorrespondts to c'nervy per unciit

pvrcatc is the irl temperitture measured by volunme cl' fluid.
a clr 'tic'ai ceusr 5.3.2 Absolute Pressure. Abisolute' prurce'

5.2.2 Wet- Bulb Temperature. Wet-bulb) tem- is the' vatlue cot a pressure whenk the datuti
p-itttut' is tht' temperature niasucc'd bcy a presscure is absolucte zvro. It is alwacys piositive.
tecnipeia c ie sensi i cccvc 'ec by at wal er-mccist - 5.3.3 Barometric Pressure. Rarcinit n-c pi-es-
ccc1iii wick aincd e'xpo scd to atirc in nmction. When suce is the absolute pressure exer'tedl by the
procpe rly mc a scc red, it i s~ ai ilse appr cox iiat if inl atmnospherce.
14 f teImec.;cticc cit adiabalctic satcil'ation.
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5.3.A Gauge Pressure. Gauge pressure is 5.4.7 Compressibility Coefficient. Compress-

the value of a pressui when the datum pres- ibility coefficient is a thermodynamic factor

sure is the barometric pressure at the point which must be applied to determine fan total
of measurement. It may be negative or posi- efficiency from fan flow rate, fan total pres-
tire. sure, and fan power input. This coefficient is

5.3.5 Velocity Pressure. Velocity pressure derived in Appendix B. It may be considered
is that portion of the air pressure which ex- to be the ratio of the mean flow rate through
ists by virtue of the rate of motion only. It the fan to the flow rate at fan air density. It
is always positive, is also the ratio of the fan total pressure that

5.3.6 Static Pressure. Static pressure is would be developed with an incompressible
that potion of the air pressure which exists fluid to the fan total pressure that is developed
by \irtue of the degree of compression only. with a compressible fluid.
It may he negative or positive. 5.1.8 Fan Power Output. Fan power output

5.3.7 Total Pressure. Total pressure is the is the useful power delivered to the air. This
air pressur' which exists by virtue of the de- is proportional to the product of fan flow rate
gree of' comlression and the rate of motion. and fan total pressure and compressibility co-
lt is the algebraic sum of the velocity pres- efficient.
sure and the static pressure at a point. Thus, 5.4.9 Fan Power Input. Fan power input is
if the air is at rest, the total pressure will the power required to drive the fan and any
equal the static pressure. elements in the drive train which are (onsid-

5.3.8 Pressure Loss. Pressure loss is the ered a part of the fan.
change in total pressure due to friction and 5.4.11) Fan Total Efficiency. Fan total effi-
turbulence. ciency is the ratio of the fan power output

5.3.9 Head. Ilead is the useful energy per to the fan power input.
unit mass (it tlnid added by the fan. Heads 5.1.11 Fan Stalic Efficiency. Fan static el-
corresponding to total, velocity, or static pres- ficiency is the fan total efficiency multiplied
sure may be used. but they are not employed by the ratio of fan static pressure to ftn total
iii this Standard. pressure.

5.4.12 Fan Total Head. Fan total head is
5.4 Fan Performance Variables proportional to fan total pressure timps com-

5.4.1 Fan Air Density. Fan air density is pressibility coefficient divided by fan air den-
the density of the air corresponding to the sity.
total pri-ssure and total temperature at the 5.4.13 Fan Velocity Head. Fan velocity head
fai inlet [61. is proportional to fan velocity pressure divided

5.1.2 Fan Flow Rate. Fan tlow rate is the by fan air density.
volumetri, flow rate at fan air density. 5.1.14 Fan Static Head. Fan static head is

5.4.3 Fan Total Pressure. Fan total pressure the difference between fan total head and fan
is the ditference between the total pressure velocity head.
at the fan outlet and the total pressure at the
faii inlet. 5.5 Miscellaneous

5.1.4 lan Velocity Pressure. Fan velocity 5.5.1 Point of Operation. Point of operation
pressure is the pressure corresponding to the is the relative position on the fan character-
;iverage %eloc ,ity at the fan outlet. istic curxe corresponding to a particular flow

5.4.5 Fan Static Pressure. Fan static pres- rate. It is controlled during a test by adjust-
sor, is the (iffleenc betNven the fan total ing the position of the throttling device, by
Inrvssure and the fan velocity pressure. There- changing thtow nozzles or auxiliary fan char-
fore, fan static pressure is the difference be- acteristics. or by any combination of these.
tween the static pressure at the fan outlet and 5.5.2 l'ree Delivery. Free delivery is the
the total pressure at the fan inlet, point of operation where the fan static pres-

5.4.6 Fan Speed. Fan speed is the rotativ, sure is zero.
speed of the imleller. If a fan has more than 5.5.3 Shut Off. Shot off is the point of op-
one impeller, fan speeds are the rotative eration where the fan flow rate is zero.
speeds of each impeller.
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5.).-.l Determination. A determination is at static tap of the same Pitot-static tube. The
C11MIl)lCtc set Of1'maSUrements for at particular differential pressure between two points shall
point of' operation Of at tanl. The measurements be measured on an indicator, such as a ma-
mutst he sutfficienit to determine all fanl per- nometer, with one leg connected to the up-
tuirnance varviables as defined in 5.A. stream sensor, Such as at static pressure tap.

5.. Tlest. A test is at series of determina- and the other leg connected to the downstream
tiwins fom \ irions points of operation of a fan. sensor, such as at static pressure tap.

.5.6 Energy- Factor. Energy factor is the 6.2.1 Manometers and Other Pressure mndi-
ratio of the total kinetic energy, of the flow cating Instruments. Prei r shl e es

1o the kinetic energy corresponding to the Uredl on manometers of the liquid column type
\ t~acct VvlOcitY\. using inclined or vertical legs or other instrii-

ments which provide at maximum error of I ';

6Inst ruments and Methods of of the maximutm observed reading or 0.005
Measuementin. wg whichever is larger.
Measuement6.2.1.1 Calibration. Each pressure indi-

6.1 Accuracy 17] . The specifications for in eating instrument shall he calibrated at both
Stc osandl niet h s of measuriemient w hich ends of the scale and at least nine equally

follo\\ ilude1(t accura' CY requirements. The spaced intermediate points in accordance with

spLcj iedo ie quoire men ts correspond to two the tollowing:
st ainlard devitions and are based on in as- (1) W~heni the pressure to be indicated
saLied norniai (list riltion of the errors in- falls in the range (of 0 to 10 in. wg. calibra-

volve I. The calibration procedures which ar t ion shall be against at wat er-tilled hook gaolg('

specified shall lvicclo 'oyed to minimize sys- oft the micrometer typ~e or at precision m irro

ti-mal i eri-os. lRandiln error01s canl be estab- miallneter..
I ishcl only friwn ain adequate statistical sam- (2) When the pr'essure to lbe indicat ed is

tic. It is atnticipated that calibration (laLa wvill idwvv 10 in. woog, valibration shall be againsi
1w:l- iii latild ii he varimis instruments at water-tilled hook gauige otf the inicrome~t(9

junmo to t heir select iil for uise inl a particular tvl)( a precisioni nficromlanonieter. oJr at water-
1 est . Inst rumenit errors s;hall be suich that two filled U-tube.
stalIditdbl de\ iat ionls of the awcuiiulated data 6.2.1.2 Av~era~gingt. Since thc tio\\ and t lit

from)n thecir mean do not exceed the specified J( W prodlio((l I)'v aI I'm aleu niv e st rict Iv
values. stead~y. the 1wssr indicated onl any instru-_

mient will fluctunate with time. In order to tih
6.2 Pressure. The total pressure A a point tiiin at trute readinig. cit her the instruitin
shall be( nica~Sull( onl an1 inldicaltor, Such as at Must be damped or the readlings munst het avel-
nianomietvic. with one leg open to atmosphere aged inl at suitable nialiner. Averag' ing ca;ii
anld the ot her leg connectevl to at total pressure somllel iis Ic aceonlphished mientally. particu
sensor. suc-h as ai total pressure tube oi the larly ifth in uct tiat ions ace smiall and regotlai.
iimpact tap of at Iitot-static tube. The static Mollt 1-pol it or Coiit iinuous record aveiraging
priessure at ;L p~oint shall be meaLsured (on anl canl be accomplished withI in)Struimicelts 410(
ind~icaitor, such as at manometer, with onie leg analyzer-s designed for- this pur-pose.
open to atmospherev and the other leg con- 6.2.1.3 Correct ions. Manometer readings
nectool to) a static lpresslire sensor, such ats a should he ((creel ed for il\ '(villerence iii spe-
staltic presure tapi or the static tap (if ai ( iti( weight ofl gatip lglmd1( fromt standard. any
litot-stat ie tilh. The velocity Jliessiiie ilt a ditrerence in gas.- coloiiin hlanicing effect from
po(int shall be0 fniueol oIil an indicator. such standar-d, or any change in length ot the grad-
as a manometer, with one leg con nected to at tiated caleIV due to temperaure. However, cor-
tota(l pressure seinsor, such as the imipact tap i'ections may hle om itteml for temperatures be-
of ai litot-stat ic toiie. and the (other leg con- tween 5S and 78 , latitudes between 30 and
nected to at 4tit ic pite551ir(' sensor,* suchi as the 60) . and elevatIions tip to1 5000 ft.
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6.2.2 Pitot-Static Tubes [8] [9]. The total 6.2.3.3 Piezometer Rings. Piezometer
pressure or the static pressure at a point may rings are specified for upstream and down-
be sensed with a ILitot-static tube of the pro- stream nozzle taps and for outlet duct or
portions shown in Figure 1. Either or both of chamber measurements unless Pitot traverse
these pressure signals can then be transmitted is specified. Measuring planes shall be located
to a manometer or other indicator. If both as shown in the figure for the appropriate
pressu Pt signals are transmitted to the same setup.
indicator, the differential shall be considered 6.2.4 Total Pressure Tubes. The total pres-
the velocity pressure at the point of the im- sure in an inlet chamber may be sensed with
])act opening. a stationary tube of the proportions shown in

6.2.2.1 Calibration. Pitot-statictubes hay- Figure 2. The pressure signal can then bc
ing the proportions shown in Figure are transmitted to an indicator. The tube shall
consid(ered primary instruments and need not face directly into the air flow and the open
le calibrated provided they are maintained end shall be smooth and free from burrs.
in the sl)cifithd condition. 6.2.4.1 Calibration. Total pressure tubes

6.2.2.2 Size. The Pitot-static tube shall of the above description are considered pri-
be of siitlicient size and strength to withstand mary instruments and need not be calibrated
the prlesstle forces exerted ipon it. The out- if they" are maintained in the specified condi-
.'id,, dir,,mttr of the tube shall not exceed 1 30 tion.

of the test duct diameter except that when 6.2.4.2 Averaging. The total pressure
the length of the supporting stem exceeds 24 tube is sensitive only to the pressure in the
tube diameters, the stem may be progressively immediate vicinity of the open end. However.
increased beyond this distance. The minimum since the velocity in an inlet chamber can be
practical tube diameter is 0.10 in. .onsidered uniform due to the settling means

6.2.2.3 Support. Rigid support shall be which are employed, a single measurement
provided to hold the Pitot-static tube axis will be representative of the average chamber
parallel to the axis of the duct within I degree pressure.
and at the head locations specified in Figure 3 6.2.A.3 Location. To(al pressure tubes are
within 0.05 in. or 0.25' c of the duct diameter, specified for inlet chambers. Location shall
whichever is larger. Straighteners are speci- be as shown in the figure for the appropriate
fied so that flow lines will be approximately setup.
parallel to the duct axis. 6.2.5 Other Pressure Measuring Systems.

Pressure measuring systems consisting of in-
6.2.3 Static Pressure Taps [101. The static dicators and sensors other than manometers

pressure at. a point may be sensed with a and Pitot-static tubes, static pressure taps.
pressure tap of the proportions shown in Fig- or total pressure tubes may be used if the
ure 2. The pressure signal can then be trans- combined error of the system including any
mitted toan indicator, transducers does not exceed the combined

6.2.3.1 Calibration. Pressure taps having error for an appropriate combination of ma-
the proportions shown in Figure 2 are consid- nometers and Pitot-static tubes, static pres-
ered primary instruments and need not be sure taps, or total pressure tubes. For sys-
calibrated provided they are maintained in the tems tised to determine fan pressure the
specified condition. Every precaution should contribution to combined error in the pressure
be taken to insure that the air velocity does measurement shall not exceed that correspond-
not influence the pressure measurement. ing to 1'. of the maximum observed static

6.2.3.2 Averaging. An individual pressure or total pressure reading during a test (indi-
tap is sensitive only to the pressure in the cator tolerance), plus 1 c of the actual read-
immediate vicinity of the hole. In order to ing (averaging tolerance). For systems used
obtain an average, at least four identical taps to determine fan flow rate, the combined er-
shall be manifolded into a piezometer ring. ror shall not exceed that corresponding to l"%
The manifold shall have an inside area at of the maximum observed velocity pressure
least four times that of each tap. or pressure differential reading during a test

(indicator tolerance) plus 1e; of the actual
reading (averaging tolerance).
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6.3 Flow Rate. Flow rate shall be calculated be used in which case the throat taps located
either from measurements of velocity pressure as shown in Figure 4 shall be used in place of
obtained by Pitot traverse or from measure- the downstream pressure taps shown in the
ments of pressure dilerential across a flow figure for the setup and the piezometer for
nozzle. each nozzle shall be connected to its own indi-

6.3.1 Pilot Traverse. Flow rate may be cal- cator.
culated from the velocity pressures obtained 6.3.2.A Ducted Nozzles. Nozzles with in-
by traverses of a duct with a Pitot-static tube tegral throat taps shall be used for ducted
for any point of operation from free delivery nozzle setups. Upstream pressure taps shall
to shut ofl provided the average velocity cor- be located as shown in the figure for the
responding to the flow rate at free delivery appropriate setup. l)ownstrean taps are the
at the test speed is at least 2-100 fpm [11]. integral throat taps and shall be located as

6.3.1.1 Stations. The number and loca- shown iu Figure 4.
tions of the measuring stations on each diam- 6.3.2.5 Taps. All pressure taps shall con-
eter and the number of diameters shall be as form to the specification in 6.2.3 regarding
specified il Figure 3. geometry. number, and manifolding into pie-

6.3.1.2 Averaging. The stations shown in zometer rings.
Figure 3 are located on each diameter accord- 6.3.3 Other Flow Measuring Methods. Flow
ing to the log-linear rule [12]. The arithmetic measuring methods which utilize meters or
mean of the individual velocity measurements traverses other than flow nozzles or Pitot tray-
made at these stations will be the mean ve- erses may be used if the error introduced by
locily thrmgh the measuring section for a the method does not exceed that introduced
Wide v;rity of profiles [13]. by an appropriate flow nozzle or Pitot traverse

6.3.2 Nozzles. Flow rate may ie calculated method. The contribution to the combined er-
from the pressure differential measured across ror in the flow. rate measurement shall not
a flow nozzle or bank of nozzles for any point exceed that corresponding to 1.2', of the dis-
of operation from free delivery to shut off vharge Vcefficient for a low nozzle [15].
provided the average velocity at the nozzle
discharge corresponding to the flow rate at 6.4 Power. Power shall be determined front
free delivery at the test speed is at least 2800 the beam load measured on a reaction dyna-
f'pm [11]. momefer, the torque measured on a torsion

6.3.2.1 Size. The nozzle or nozzles shall element, or the electrical input measured on
conform to Figure 4. Nozzles may be of any a calibrated motor.
conveniont size. However, when a duct is con- 6.A.1 Reaction Dynamometers. A cradle or
nected to the inlet of the nozzle, the ratio of torque table type reaction dynamometer hav-
nozzle throat diameter to the diameter of the ing a demonstrated accuracy of _ 2'; of ob-
inlet duct shall not exceed (0.525. served reading niay be used to measure power.

6.3.2.2 Calibration. The standard nozzle 6.1.1.1 Calibration. A reaction dynamom-
is considered a primary instrument and need eter shall be calibrated through its range of
not e (alibr'ated if miainained in the speci- usage by suspending weights from a torque
tied condition. Reliable coeflicie'ts have been arm. The weights shall have certified accura-
established for throat dimensions 1, 0.5 ) cies of 1 0.2', . The length of the torque arm
and 1, 0.6 1), shown in Fi gure 4 [14]. shall be determined 1o an accuracy of - 0.2',.
Throat (limension 1, (.6 1) is iecommended 6.4.1.2 Tare. The zero torque equilibrium
for new coinst ruction. (tare) shall be checked before and after each

6.3.2.3 Chamber Nozzles. Nozzles without test. The difference shall be within 0.5'; of
integral throat taps may Ihe used for multiple the maximum value measured during the test.
nozzle chambers in which case upstream and 6.4.2 Torsion Devices. A torque meter hay-
downstream plressure taps shall be located as ing a demonstrated accuracy of -, 2'; of oh-
shown in the figure for the appropriate setup. served reading may be used to determine
Alternatively, nozzles with throat taps may powe.
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6.4.2.1 Calibration. A torsion device shall 6.5 Speed. Speed shall be measured with a
have a static calibration and may have a run- revolution counter and chronometer, a strobo-
ning calibration through its range of usage, scope and chronometer, a precision instantane-
The static calibration shall be made by sus- ous tachometer, an electronic counter-timer,
pending weights from a torque arm. The or any other device which has a demonstrated
weights shall have certified accuracies of - accuracy of ± 0.5'' of the value being meas-
0.2', . The length of the torque arm shall be ured.
determined to an accuracy of - 0.2';. 6.5.1 Strobes. A stroboscopic device trig-

6.4.2.2 Tare. The zero torque equilibrium gered by the line frequency of a public utility
(tare) and the span of the readout system is considered a primary instrument and need
shall be checked before and after each test. not be calibrated if it is maintained in good
In each case, the difference shall be within condition.
0.5'. of the maximum Value measured during 6.5.2 Chronometers. A quality watch with
t he test.6.4.3 ('alibrated Motors. A calibrated elec- a sweep second hand that keeps time withintwo minutes per day is considered a primary
tric motor may be used with suitable electrical instrument.
meters to measure power.

6.4.3.1 ('alibration. The motor shall be 6.5.3 Other Devices. The combination of a
calibrated through its range of usage against line frequency strobe and chronometer shall
an absorption dynamometer except as provided be used to calibrate all other speed measuring
in 6.4.3.4 The absorption dynamometer shall devices. Friction driven counters shall not be
be calibrated by suspending weights from a used when they can influence the speed due
torque arm. The weights shall have certified to drag.
accuracies of , 0.2', . The length of the
torque arm shall be determined to an accuracy 6.6 Air Density. Air density shall be calcu-

of - 0.2' . lated from measurements of wet-bulb tem-

6.1.3.2 Meters. Electrical meters shall perature, dry-bulb temperature, and baromet-
have certified a(curacies of 1.0 of ob- ric pressure. Other parameters may be

served reading. It is preferable that the same measured and used if the maximum error in
meters be used for the test as for the calibra- the calculated density does not exceed 0.5';.
tion. 6.6.1 Thermometers. Both wet- and dry-

6.4.3.3 Voltage. The motor input voltage bulb temperatures shall be measured with
during the test shall be within 1'. of the thermometers or other instruments with dem-
voltage observed during calibration. If air onstrated accuracies of - 2 F and readabili-
flows over the motor from the fan under test, ties of I "F or finer.
similar flow shall be provided during calibra- 6.6.1.1 Calibration. Thermometers shall
tion. be calibrated over the range of temperatures

m 4y b E calibrated ypingthe IEductioneoto- to be encountered during test against a ther-
may lie calibrated using the IEEE Segregated- mometer with a calibration that is traceable
Loss Method [16]. to the National Bureau of Standards.

6.4.4 Averaging. Since the power required
by a fan is never strictly steady, the torque 6.6.1.2 Wet-Bulb. The wet-bulb thermom-
measured on any instrument will fluctuate eter shall have an air velocity over the water-
with time. In order to obtain a true reading, moistened wick-covered bulb of 700 to 2000
either the instrument must be damped or the fpm [17]. The dry-bulb thermometer shall
readings must be averaged in i, suitable man- be mounted upstream of the wet-bulb ther-
ner. Averaging can sometimes be accom- mometer so its reading will not be depressed.
plished mentally, particularly if the fluctua- 6.6.2 Barometers. The barometric pressure
tions are small and regular. Multi-point or shall be measured with a mercury column
continuous record averaging can be accom- barometer or other instrument with a demon-
plished with instruments and analyzers de- strated accuracy of -+ 0.05 in. Hg and read-
signed for this purpose, able to 0.01 in. Hg or finer.
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6.6.2.1 Calibration. Barometers shall be 7.1.3 Short Ducts. Outlet ducts in which
calibrated against a mercury column barome- no measurements are taken shall be between
ter with a calibration that is traceable to the 2 and 3 equivalent diameters long and an area
National Bureau of Standards. A convenient within 0.5'1 of the fan outlet area and a uni-
method of doing this is to use an aneroid ba- form shape to fit the fan outlet [19].
rometer as a transfer instrument and carry it 7.1.4 Transformation Pieces. Transforma-
back and forth to the Weather Bureau Station tion pieces shall be used when a duct with a
for comparison [18]. A permanently mountedmerur clum broetr soud oldit cl- measuring station is to be connected to the
mercury column barometer should hold its cal- fan and it is of a size or shape that differsibration well enough so that comparisons from the fan connection. Such pieces shall
every three months should be sufficient. Trans- not contain any converging element that
ducer type barometers shall be calibrated for makes an angle with the duct axis of greater
each test. Barometers shall be maintained in than 7.5 degrees or a diverging element that
good condition.6.6.2 C ornd o n, Bmakes an angle with the duct axis of greater6.6.2.2 Corrections. Barometric readings than 3.5 degrees. The axes of the fan opening
shall de corrected for any difference in mer- and duct shall coincide. See Figure 5. Con-
clry density from standard or" any change in necting ducts and elbows of any size and shape
length of the graduated scale due to tempera- may be used between a duct which provides
ture. Refer to manufacturer's instructions, a measuring station and a chamber.

7. Equipment and Setups 7.1.5 Duct Area. Outlet ducts used to pro-

vide measuring stations shall be not more
7.1 Ducts. A duct may be incorporated in a than 5.0'; larger or smaller than the fan out-
haloratory setup to provide a measuring sta- let area. Inlet ducts used to provide measur-
tion or to simulate the conditions the fan is ing stations shall be not more than 12.5';
expected to encounter in service or both. The larger nor 7.5'; smaller than the fan inlet
dimension D in the test setup figures is the area.
inside diameter of a circular cross-section 7.1.6 Roundness. The portion of a Pitot
duct or the equivalent diameter of a rectangu- traverse duct within one-half duct diameter
lar cross-section duct with inside transverse of either side of the plane of measurement
dimensions a and b where D = \V-ab/ir. shall be round within 0.5"; of the duct diame-

7.1.1 Flow Measuring Ducts. Ducts with ter. The remainder of the duct shall be round
measuring stations for flow determination within i'; of the duct diameter. The area of
shall le straight and have uniform circular the plane of measurement shall be determined
cross sections. Pitot traverse ducts shall be from the average of four diameters measured
at least 10 diameters long with the traverse at 45' increments. The diameter measure-
plane located between 8.5 and 8.75 diameters ments shall be accurate to 0.2 ,.
from the upstream end. Such ducts may serve 7.1.7 Straighteners. Straighteners shall be
as an inlet or an outlet duct as well as to pro- used in all ducts which provide measuring sta-
vide a measuring station. Ducts connected to tions. The downstream plane of the straight-
the upstream side of a flow nozzle shall be ener shall be located between 5 and 5.25 duct
between 6.5 and 6.75 diameters long when diameters upstream of the plane of the Pitot
used only to provide a measuring station or traverse or piezometer station. The form of
between 9.5 and 9.75 diameters long when used the straightener shall he as specified in Figure
as an outlet duct as well. 6 [20]. The dimension D is the inside diame-

7.1.2 Pressure Measuring Ducts. Ducts with ter of a circular cross-section duct or the
stations for pressure measurements shall be equivalent diameter of a rectangular cross-
straight and may have either uniform circular section duct with inside transverse dimensions
or rectangular cross sections. Outlet ducts
with piezometer rings shall be at least 10 y and where D th abof. The dimension
diameters long with the piezometer plane lo- e which is the thickness of the straightener
cated between 8.5 and 8.75 diameters from the elements, shall not exceed 0.005 D.
upstream end.
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7.1.8 Inlet Bells. Inlet bells may be mounted Where measuring planes are located on
on the fan inlet to simulate an inlet duct. The both sides of the settling means within the
bell connection shall be the same size and chamber, the requirements for each side as
shape as the fan inlet connection. The bell outlined above shall be met.
shall have a coefficient of contraction of 0.94 Any combination of screens or perforated
or greater. plates that will meet these requirements may
7.2 Chambers. A chamber may be incorpo- be used, but in general a reasonable chamber
rated in a laboratory setup to provide a meas- length for the settling means is necessary to
uring station or to simulate the conditions the meet both requirements. Three uniform
fan is expected to encounter in service or both. square mesh round wire screens spaced 0.1M
A chamber may have a circular or rectangular apart with 6017, 50, , and 45':; open areas for
cross-sectional shape. The dimension M in the first, second, and third screen respectively.
the test setup diagram is the inside diameter may be considered to meet the above perform-
of a circular chamber or the equivalent diam- ance specifications. Tolerances of - 2% open
eter of a rectangular chamber with inside area are allowable.
transverse dimensions a and b where 7.2.4 Multiple Nozzles. Multiple nozzles
M :\ ab/ir. shall be located as symmetrically as possible.The centerline of each nozzle shall be at least

7.2.1 Outlet Chambers. An outlet chamber 1.5 nozzle throat diameters from the chamber
shall have a cross-sectional area at least nine wall. The minimum distance between centers
times the area of the fan outlet or outlet duct of any two nozzles in simultaneous use shall
for fans with axis of rotation perpendicular to be three times the throat diameter of the
the discharge flow and a cross-sectional area larger nozzle.
at least sixteen times the area of the fan out-
let or outlet duct for fans with axis of rota- 7.3 Variable Supply and Exhaust Systems. A
tion parallel to the discharge flow [21]. means of varying the point of operation shall

7.2.2 Inlet Chambers. Inlet chambers shall be provided in a laboratory setup.
have a cross-sectional area at least five times 7.3.1 Throttling Devices. Throttling devices
the fan inlet area [21]. may be used to control the point of operation

7.2.3 Flow Settling Means. Flow settling of the fan. Such devices shall be located on
means shall be installed in chambers where the end of the duct or chamber and should be
indicated on the test setup figures to provide symmetrical about the duct or chamber axis.
proper flow patterns (21]. 7.3.2 Auxiliary Fans. Auxiliary fans may

Where a measuring plane is located down- be used to control the point of operation of
stream of the settling means, the settling the test fan. They shall be designed to pro-
means is provided to insure a substantially duce sufficient pressure at the desired flow
uniform tlow ahead of the measuring plane. rate to overcome losses through the test set-
In this case, the maximum velocity at a dis- up. Flow adjustment means, such as dampers,
tance 0.2M downstream of the screen shall pitch control, or speed control may be required.
not exceed the average velocity by more than Auxiliary fans shall not surge or pulsate dur-
25% unless the maximum velocity is less than ing tests.
400 feet per minute.

Where a measuring plane is located up- 7.4 Setups. Ten setups are diagrammed in
stream of the settling means, the purpose of Figures 7 through 16.
the settling screen is to absorb the kinetic 7.4.1 Leakage. The ducts, chambers, and
energy of the upstream jet, and prevent the other eqw'iment utilized shall be designed to
generation of excessive recirculation within withstand the pressure and other forces to
the chamber. In this case, the maximum re- be encountered. All joints between the fan
verse velocity in space upstream of the screen and the measuring station shall be sufficiently
shall not exceed 10'. of the calculated mean tight so that measurements are not affected
jet velocity, more than one-half the allowable instrument

error.
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7..2 Simulation. The setup shall be capable 8.1.3 Stability. Any bi-stable performance
of duplicating or simulating the inlet and out- points (air flow rates at which two different
let conditions for which the fan is to be rated, pressure values can be measured) shall be so
'he reason for this is that the performance reported. When they are a result of hyster-

,,1 a fan may be influenced by the inlet and esis, the points shall be identified as that for
,, utit conditions [22]. The simulation of in- decreasing air flow rate and that for increas-
ut and outlet conditions resulting from any- ing air flow rate.

thitg other than straight ducts or no ducts 8.2 Data to be Recorded
o .ected to the fan is beyond the scope of 8.2.1 Test Unit. The description of the test

this Standard. However, any appurtenance unit shall be recorded. The nameplate data
which is considered a part of the fan shall should be copied. Dimensions should be
he it, place during testing. If the appurtenance checked against a drawing and a copy of the
is mounted on the inlet or outlet of the fan, drawing attached to the data.
the inlet or outlet of the appurtenance shall 8.2.2 Test Setup. The description of the
he considered the inlet or outlet of the fan. test setup including specific dimensions shall

7.1.3 Selection Guide. The following may be recorded. Reference may be made to the
h uNed as a guide to the selection of a proper figures in this Standard. Alternatively. a
et up. drawing or annotated photograph of the set-

(1I Figures 7 through 10 may be used up may be attached to the data.
ir tests of fans intended to be rated with 8.2.3 Instruments. The instruments and ap-
,tlet ducts and with or without inlet ducts. paratus used in the test shall be listed. Names.

(2) Figures 11 through 15 may be used model numbers, serial numbers, scale ranges.
for tests of fans intended to be rated with or and calibration information should be re-
without outlet ducts and with or without inlet corded.
ducts. 8.2.4 Test )ata. Test data for each deter-

(3) Figure 16 may be used for tests of mination shall be recorded. Readings shall be
fans intended to be rated with inlet ducts and made simultaneously whenever possible.
with or without outlet ducts. 8.2.4.1 All Tests. For all types of tests.

three readings of ambient dry-bulb tempera-
ture (t,,,), ambient wet-bulb temperature

S. Observations and Conduct of Test (t_.), ambient barometric pressure (p,,), fan
outlet dry-bulb temperature (t,.), fan speed

8.1 General Test Requirements (N), and either beam load (F), torque (T),
8.1.1 DIlerminations. The number of de- or power input to motor (W) shall be re-

terminations required to establish the per- corded unless the readings are steady in which
fornance of a fan over the range from shut case only one need be recorded.
,otl' to free delivery will depend on the shapes 8.2.4.2 Pitot Test. For Pitot traverse
of the various characteristic curves. Plans tests, one reading each of velocity pressure
.shall be made to vary the opening of the (P, ,) and static pressure (P,.,,) shall be re-
throttling device in such a way that the test corded for each Pitot station. In addition,
points will he well spaced. For smooth char- three readings of traverse-plane dry-bulb tem-
acteristics. at least eight determinations shall perature (t,,:) shall be recorded unless the
he made. Additional determinations may be readings are steady in which case only one
required to define curves which are not need be recorded.
smooth. When performance at one point of 8.2.4.3 Duct Nozzle Tests. For duct noz-
operation only is required, at least three de- zle tests, one reading each of pressure drop
terminations shall be made to define a short (NP). approach dry-bulb temperature (t,,),
curve which includes that point, and approach static pressure (P,;) shall be

8.1.2 Equilibrium. Equilibrium conditions recorded,
shall he established before each determination. 8.2.4.4 Chamber Nozzle Tests. For chain-
To test for equilibrium, trial observations shall ber nozzle tests, one reading each of pressure
he made until steady readings are obtained, drop (AP), approach dry-bulb temperature
Ranges of air delivery over which equilibrium (t,), and approach static pressure (P,;) shall
cannot be established shall be recorded. be recorded.
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8.2.4.5 Inlet Chamber Tests. For inlet 9.2.2 Duct or Chamber Air Density. The
chamber tests, one reading each of inlet cham- density of air in a duct or chamber at Plane
her dry-bulb temperature ( td) and inlet x (p,) may be calculated by correcting the
chaml)er total pressure (P,,) shall be re- density of atmospheric air (p.) for the pres-
corded. sure (P,,) and temperature (t,,) at Plane x

8.2.4.6 Outlet Chamber Tests. For outlet using
chamber tests, one reading each of outlet
chamber dry-bulb temperature (td.) and out- .= N(td, + 459.7N Pox + 13. 6 3 p"
let chamber static pressure (P,,) shall be P O\°tdx+ 459.71\ 13. 6 3 p )"

recorded.
8.2.4.7 Outlet Duct Chamber Tests. For If P., is numerically less than 4 in. wg, p. may

outlet duct chamber tests, one reading each be considered equal to p.
of outlet duct dry-bulb temperature (t,,) and 9.2.3 Fan Air Density. The fan air density
outlet duct static pressure (P,,) shall be re- (p) shall be calculated from the density of
corded, atmospheric air (p.), the total pressure at the

8.2...S Low Pressure Tests. For tests fan inlet (P,,), and the total temperature at
v"nere P, is less than 4 in. wg the tempera- the fan inlet (t,,) using
ture. may be considered uniform throughout Pj + 13.63p( t,,, + ,59.7\
the test setup and only t,,, and t,,. need be P P0( 13.63p ,, + 4.59.7)
nwI'asourd

S.2.5 Personnel. The names of test person- On all outlet duct and outlet chamber setups,
ne] shadl be listed with the data for which they P,, is equal to zero and t,, is equal to t,,. On
an, responsible. all inlet chamber setups, P,, is equal to P,, and
9. Calculations t,, is equal to t. On the inlet duct setup, t,,

is equal to Gd,, and P,, may be considered equal
9.1 Calibration Correction. Calibration correc- to P,, for fan air density calculations.
tions, when required, shall be applied to indi- 9.2.4 Air Viscosity. The viscosity () shall
vidual readings before averaging or other be calculated from
calculations. Calibration corrections need not
be made if the correction is smaller than one
half the maximum allowable error as specified The value for 68' F air which is 1.222 X 10
in Section 6. Ibm ft-s may be used for temperatures rang-

9.2 Density and Viscosity of Air ing between 40'F and 100'F [26].

9.2.1 Atmospheric Air Density. The density 9.3 Fan Flow Rate at Test Conditions
of atmospheric air (po) shall be determined 9.3.1 Pitot Traverse. The fan flow rate m*
from measurements, taken in the general test be calculated from velocity pressure measure-
area, of dry-bulb temperature (t4), wet-bulb ments (P,,) taken by Pitot traverse.
temperature (t,.), and barometric pressure 9.3.1.1 Velocity Pressure. The velocity
(p,,) using either Figure 17, Table 1, or the pressure (P.,) corresponding to the average
following formulae [23] [24]: velocity shall be obtained by taking the square

p,-.96 x 10 - 1.59 x 10 t., + 0.41, roots of the individual measurements (P.,,),
summing the roots, dividing the sum by the

, t and number of measurements (n), and squaringP"P- Pf[ .;0--/ad
-.700 Jthe quotient as indicated by

70.7?3 (pb - 0.878p,, (V ):
Pa = R(t,,, + 459.7) " --

The first equation is approximately correct for 9.3.1.2 Velocity. The average velocity
p, for a range of to between 40'F and 90'F. (V,) shall be obtained from the density at
More pr&cise values of p, can be obtained from the plane of traverse (ps) and the correspond-
the ASHRAE Handbook of Fundamentals ing velocity pressure (P,,) using
[25]. The gas constant (R) may be taken as V., 10 96 VPd/p:,.
53.35 ft-lb bm- R for air.
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9.3.1.3 Flow Rate. The flow rate (Q.,) at Sufficient accuracy can be obtained for setups
the Pitot traverse plane shall be obtained from qualifying under this Standard by setting E
the velocity (V,) and the area (A,) using 1.0 for chamber approach or E = 1.043 for
Q,- VA,. duct approach [14].

9.3.2.5 Reynolds Number. The Reynolds
9.3.1.4 Fan Flow Rate. The fan flow rate number Reynbas N nz e exit d

at test conditions (Q) shall be obtained from n ft se calcule from

the equation of continuity, (DO in ft shall be calculated from

Q Qpp. Re - VQ p6o1A6

9.3.2 Nozzle. The fan flow rate may be cal- using properties of air as determined in 9.2
vulated from the pressure differential (AP) and the appropriate velocity (V,) in fpm.
measured across a single nozzle or a bank of Since the velocity determination depends on
multiple nozzles. Reynolds number an approximation must be

9.3.2.1 Alpha Ratio. The ratio (a) of employed. It can be shown that
absolute nozzle exit pressure to absolute ap- 1096 c A-p.
proach pressure shall be calculated from Re 60, C - E3-

P", 1.1.63pl,

0 . or For duct approach p, p4. For chamber
+approach P, = p.. and p may be taken as

5.18 7AP zero. A simplified approximation suitable for
1),R(td,- 4-459.7) the range of temperatures from 40'F to 100'F

The gas constant (R) may be taken as 53.35 is
ft-lb Ibm- R for air. Plane x is Plane 4 for Re = 1,363,000 D, A-

duct approach or Plane 5 for chamber ap-
proach. This is based on C = 0.95, Y = 0.96, E

9.3.2.2 Beta Ratio. The ratio (f) of noz- 1.0, and A =- 1.222 x 10- Ibm/ft-s.
ze exit diameter (D) to approach duct diam- 9.3.2.6 Discharge Coefficient. The nozzle
eter (D.) shall be calculated from discharge coefficient (C) shall be determined
13 I) D. from Figure 18, Table 3, or70 6 13,,1.6 . I
For a duct approach D, = D,. For a chamber C - 0.9986 ,.0( f.6 - 0.6 or
approach, D, = D;, and 83 may be taken as \ Re +Re )rD

zero. 6.688 131.5 rL
9.3.2.3 Expansion Factor. The expansion \ Re 0.5

factor (Y) may be obtained from Table 2 or for Rf of 12,000 and above [14].

y t ~l1 12[ 1 - 142I 9.3.2.7 Flow Rate for Ducted Nozzle. The
- - I - O3a" volume flow rate (Q;) at the entrance to a

The ratio of specific heats (y) may be taken ducted nozzle shall be calculated from
a, 1.400 for air. Alternatively, the expansion Io96('A,Y \AP/p4
factor for air may be approximated with suffi- -, - -

cient accuracy under this Standard using 1 -- E13
Ient a-ura5y8undertis (I ard u The area (.4,) is measured at the plane of the

throat taps.

9.3.2.4 Energy Factor. The energy factor 9.3.2.8 Flow Rate for Chamber Nozzles.
(E) may be determined by measuring velocity The volume flow rate (Q,) at the entrance
pressures (P,,) upstream of the nozzle at to a nozzle or multiple nozzles with chamber
standard traverse stations and calculating approach shall be calculated from

E)TA QA) 2- 10961- AHA ApA 17(CA5).
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The coefficient (C) and area (A) must be 9.5.1.2 Duct Piezometer. When a duct
determined for each nozzle and their products piezometer is used for pressure measurement:
summed as indicated. The area (A,) is meas- the average static pressure (P.,) shall be the
ured at the plane of the throat taps or the measured value (P.,,), the average velocity
nozzle exit for nozzles without throat taps. (V,) shall be calculated from the flow rate

9.3.2.9 Fan Flow Rate. The fan flow rate (Q) as determined in 9.3.2.9, and
(Q) at test conditions shall be obtained from Q
the equation of continuity, V = (A) P4

Q = Q,(P,/P) and the average velocity pressure (P,4) shall
where Plane x is either Plane 4 or Plane 5 as be calculated from
appropriate.

9.4 Fan Velocity Pressure at Test Conditions 1 096) P

9.4.1 Pitot Traverse. When Pitot traverse 9.5.1.3 Chamber. When a chamber piezo-
measurements are made, the fan velocity pres- meter or total pressure tube is used for pres-
sure (P,) shall be determined from the ve- sure measurement, the average static pressure
locity pressure (P,,,) using (P17) shall be the measured value (P,7 1) and

I A )( ) 2  the average total pressure (P,,) shall be the

P' AAA. measured value (P,,,).
9.5.2 Pressure Losses. Pressure losses shall

W henever P,3 and P., differ by less than 4 in. be calc u e f o m easu in d c s s s a h
wg, ., ay e cnsidredequl t pbe calculated for measuring ducts and straight-

eners which are located between the fan and
9.4.2 Nozzle. When flow rate is de t ermined the measuring station.

from nozzle measurements, the fan velocity 9.5.2.1 Hydraulic Diameter. The hydrau-
pressure (P,) shall be calculated from the lic diameter for round ducts is the actual di-
velocity (V,) and density (p,) at the fan out- ameter (D). The hydraulic diameter for rec-
let using tangular ducts shall be calculated from the
Q'- Q(P/P,), inside traverse dimensions a and b using
V= Q2 /A 2, and D, =- 2 ab ' (a + b).
Pr (V 2 /1096)"p2 , or 9.5.2.2 Reynolds Number. The Reynolds

p,= (1 1) number (Re) based on the hydraulic diameter
p (D,,) in ft shall be calculated from

Re = DVp
60A

9.5 Fan Total Pressure at Test Conditions. using properties of air as determined in 9.2
The fan total pressure shall be calculated from and the appropriate velocity (V) in fpm.
measurements of pressures in ducts or chain- 9.5.2.3 Coefficient of Friction. The coef-
bers corrected for pressure losses in measur- ficient of friction (f) shall be determined
ing ducts which occur between the fan and the from Figure 19 [27] or from
measuring stations. f - 0.14 Reo 17

9.5.1 Averages. Certain averages shall be 9.5.2.4 Equivalent Length. The ratio of
calculated from measurements as follows: equivalent length of a straightener (L,) to

9.5.1.1 Pitot Traverse. When a Pitot tray- hydraulic diameter (DA) shall be determined
erse is used for pressure measurement: the from Table 4 [27] using the element thickness
average velocity pressure (P,,) shall be as (y) and equivalent diameter (D) or from
determined in 9.3.1.1, the average velocity
(V,) shall be as determined in 9.3.1.2, and the _ 15.04
average static pressure (P,) shall be calcu- D, [1 - 26.65(y /D) + 184.6(y /D)-]I. s "

lated from This expression is exact for round duct
p P____ straighteners and sufficiently accurate for

n "rectangular duct straighteners.
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9.5.3 Inlet Total Pressure. The total pres- average velocity pressure (P,)~ corrected for
suire at the fanr inlet (P,,) shall be calculated the friction due to both the equivalent length
a follows: of the straightener (L, ) and the length of duct

9.5.3. 1 Open Inlet. When the fan draws (L._) between the fan and the measuring sta-
dlirectly from atmosphere, P,, shall be con- tion, so that
sj'l-ed equal to atmospheric pressure, which p,2' p-4 f P, 4 + fj 1_ + ,P
is,, zero gauge, so that DhE 1)141

I' o. 9.5.4.5 Pitot Outlet D~uct. When the fan
9.5.3.2 Inlet Chamber. When the fan is discharges into a duct with a Pitot traverse.

t-minittbd to ani inlet chamber, P,, shall be con- V, shall lie considered eqlual to the SUM of the
- i(Iered equal to the chamber pressure (P,,, average static pressure (P..) anid the average

Ithat velocity' pressure (P )corrected for the fric-
P., P,.tion due to bo0th the equivalent length of the

9.5.3.3I Inlet D~uct. When the fan is con- straightener (L. ) and the length of duct (L
oecti-d to ani inlet duct, P ,shall be considered between the fan and the measuring station, -0
cqal to the algebraic sum. of the average that L

-1 atic p~ressure~ (P- ) andl the average velocity P1.1 P1:1 + P1 4

r,-c-ure (P ) corrected for the friction (lue I, '/
ti) the length (of duct (1,, ) between the meas- 9.5.5 Fan Total Pressure. The fan total
u rin;g stat ion and the fan, so that pressurie (1I,) shall be calculated from

I.~ D~dThis is an algebraic expression so that it P.

llrv siirv PV w ill be less than atmospheric and is negative, P, wvill be numerically greatter

itsq value wvill be negative, thani P,.
9.5.1 Outlet Total Pressure. The total pres- 9.6 Fan Static Pressure at Test Conditions.

,u ie at the fan outlet (P,,) shall be calculated The fan -tat ic jui&~su re (1 1 )shall be calco-
as f1)llo'xs atdfo

9.5.1.1 Open Outlet. When the fan dis- ltdfo
charges di redly to) atmosphere, the static pres- 1 ,1

.,urc at the outlet (P,,) shall be considered 9.7 Fan Power Input at Test Conditions.
equal to atmospiheric pressure, which is zero 9.1Recin) %nao tr W narv-

gauge, so that tion d 'viamf meter i, used to measure torque-,
V, 11 the fan power inplit (//i shall be calculat ed

The idu ofP, sallbe s dtermnedin .4. from the beam load (F), the momvnt arm (1)
l'h v~lueof . sallbe s dterine in9.4 and the fanl speed (NV) us-ing

9.5.1.2 Outlet Chamber. When the fanl 17T N
dlischarge's dlirectly into anr outlet chamber, the 11 - - -

static prussure at the outlet (P.) shall0 be I (
L -)shal be 9.7.2 Torsion Element. W"hen a torsion ele-

con1sidered eqlual to the average chamber pres- ment is used to measure torque, the fan power
su -tte (PI:,,so that
P. P P P, input (11) s;hall be calculated from the tourqute

(T) and the speed (N) using
The value (of P. shall he as determined in 9.4. 'fTNV

9.5.1.3 Short D~uct. When the fan dis- H
chares hrogh n otletduc wihou.a 000 x 1
chares trouh anoutet dct ithot a 9.7.3 Calibrated Motor. When a calibrated

measuring, station either to atmosphere or- electric motor is uzedl to measure input, the
into an outlet chamber, the pressure loss, of a oe nut( a ecacltdfo
the duct shall he considered zero and calc .ula- the power input to He moto We cluad them

tions made according to 9.5.4.1 or 9.5.4.2.thpoeinutohemor(V adte

9.5.4.4 Piezometer Outlet Duct. When the motor- efficiency t7)) using

fan (discharges into a duct with a piezometer H -If?

ring, P., shall be considered equal to the sum 757
(If the average static pressure (P,,) and the
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9.8 Fan Efficiency 9.9.1 Compressibility Factor Ratio. In order
9.8.1 Fan Power Output. The fan power out- to make the conversions it is necessary to de-

put (H,) would be proportional to the product termine the ratio of the com)ressibility coef-
of fan flow rate (Q) and fan total pressure ficient for actual conditions to that for nomi-
(P,) if air were incompressible. Since air is nal conditions (K,,'K,,.). This can be accom-
compressible, thermodynamic effects influence plished using previously calculated values of
output and a compressibility coefficient (K,) x and z for actual conditions as follows:
must be applied making output proportional z P,,, + 1..6 N
to () P, K, [281. z, \P,, + 18. 6 P ) - ,. I ) "-

., Q P, K, / 6362. (Since the ratios of specific heats y, and y are
9.8.2 Compressibility Factor. The compress-

ibility coefficient (K,) may be determined from ewual for air at laboratory conditions the last
p, two factors may Ibe omitted in this and the

x + . ind following equations.)
Z, =z/(z /Z'),

1rm)( 63 6 211 Q ) 
(nl- ,hy IIyIn(I x,- lintl + x In( z') y - yI .

using Figure 2) or from
(IntI .r)(, z ) x,""'' " - 1'and

which may be evaluated directly or with the KI, (Z)( _)( P)(7, )

aid of Table 5 values [28). P,, P,,, P", tl, and K,,, Z. x - "

(Q are all test values. The isentropic exponent If K,, K, is between 0.99 and 1.01, it may be
iy) may be taken as 1.400 for air. If the fan taken as unity. Table 6 may be used to deter-
total pressure is less than 12 in. wg , the value mine In (1 i- .r) or In (I + z) and their anti-
of K, will usually be greater than 0.99 in logs.
which case the value of K,, may be taken as 9.9.2 Conversion Formulae. Actual test re-
unity. suits may be converted to nominal test results

9.8.3 Fan Total Efficiency. The fan total using the following [28]:
efficiency (in,) is the ratio of fan power output N-K
to fan power input or - Q K,,, '

Q' (,Kf) K,

6362H"

9.8.4 Fan Static Efficiency. The fan static I," p' ,( K,,

efficiency (0j may be calculated from the fan Jp

total efficiency (vl,) and the ratio of fan static
pressure to fan total pressure using

9.9 Conversions to Nominal Constant Values
of Density and Speed. )uring a laboratory p P, p, ,
test, the air density and speed of rotation may
vary slightly from one determination to an-
,':ier. It may be desirable to convert the re- H, (N,)'.(,,)(K)

suits calculated for test conditions to those N /\ K,,,1
that would prevail at nominal constant den-
sity, nominal constant speed, or both. This
may be done provided the nominal constant VIr, in, and
density (p,) is within 101,; of the actual den-
sity (p) and the nominal constant speed (N,) ,, = (P.
is within 51/ of the actual speed (N).
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10. Report and Results of Test fan static efficiency as ordinates may be
drawn. Barometric pressure shall be listed

10.1 Report. The report of a laboratory fan when fan pressures exceed 10 in. wg.
teSt Shall1 ilude bject results, test data, and 10.2.2 Test Points. The results for each de-
(lcscript ionrs of the ttst fan including appurte- termination shall be shown on the perform-
nances, test setup, and test instruments as ance curve as a se*ries of circled points, one
OUtlined in Section 8. The laboratory shall be ach varia l

idenifid b nae ard lcaton.for each variable plotted as ordinate.
iden~tilie~d by name and location.

10.2.3 Curve-Fitting. Curves for each vari-
10.2 Performance Curves. The results of a able shall be obtained by drawing a curve or
fan test shall be presented as performance curves using the test points for reference.
cu1rwes. Typical fan performance curves are The curves shall not depart from the test
shown in Figure 21. points by more than 0.5' of any test value

and the sum of the deviations shall approxi-10I.2.1 C'oordinates. Performance curves mt eo

shall be drawn with fan flow rate as abscissa.

Fan pressure and fan power input shall be 10.2.4 Discontinuities. When discontinuities

plotted as ordinates. Fan total pressure. fan exist they shall be identified with a broken

static prressure, or both may be shown . If all line. If equilibrium cannot be establishe'l for

results were obtained at the same speed or any determination, the curves joining the

it' results were converted to a nominal sp(ed, points for that determination with adjacent

such speed shall be listed; otherwise a curve points shall be (lrawn as broken lines.

with fan speed as ordinate shall be drawn. If 10.2.5 Ident if icat ion. Performance ,'urve.

all results were obtained at the same air den- sheets shall list the test fan and test sct ip.

sitY or if' results were converted to a nominal Sutlicient details shall be listed to idleutify
(hi ,sity, suh density shall be listvd; otherwise clearly the fan and setup. Otherwise, a report

a curve with fan air density as ordinate shall containing such information shall be refer-
be drawn. Curves with fan total efficiency or enced.
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Table 1 Psychrometric Density Table

Density of Saturated Air for Various Barometric Approx.
and Hygrometric Conditions-lbm/ft3 Average

Dry-Bulb and Hyg__mt ___________________Increase

Temp. Barometric Pressure Increase in DensityPer 'F
cF in. Hg in Density Wet-Bulb

Per 0.1 in. Depression
Hg Rise in28.5 29.0 29.5 30.0 30.5 31.0 Barometer trt.

30 .07703 .07839 .07974 .08110 .08245 .08380 .00027 .000017
31 .07687 .07822 .07957 .08093 .08228 .08363 .00027 .000017
32 .07671 .07806 .07940 .09075 .08210 .09345 .00027 .000017
33 .07654 .07789 .07924 .08058 .09193 .08327 .00027 .000018
34 .07638 .07772 .07907 .08041 .08175 .08310 .00027 .000018

35 .07621 .07756 .07890 .03024 .08159 .08292 .00027 .000018
36 .07605 .07739 .07873 .08007 .0U141 .08274 .00027 .000018
37 .07589 .07723 .07856 .07990 .08123 .08257 .00027 .000019
38 .07573 .07706 .07840 .07973 .03106 .08239 .00027 .000019
39 .07557 .07690 .07823 .07956 .08089 .08222 .00027 .000019

40 .07541 .07674 .07806 .07939 .08072 .08205 .00027 .000019
41 .07525 .07657 .07790 .07922 .03055 .09187 .00026 .000020
42 .07509 .07641 .07773 .07905 .01038 .08170 .00026 .000020
43 .07493 .07625 .07757 .07889 .08021 .08153 .00026 .000020
44 .07477 .07609 .07740 .07872 .08004 .08135 .00026 .000020

45 .07461 .07592 .07724 .07855 .07986 .08118 .00026 .000020
46 .07445 .07576 .07707 .07838 .07970 .08101 .00026 .000021
47 .07429 .07560 .07691 .07822 .07953 .08084 .00026 .000021
48 .07413 .07544 .07674 .07805 .07936 .08066 .00026 .000021
49 .07397 .07528 .07658 .07788 .07919 .08049 .00026 .000022

50 .07381 .07512 .07642 .07772 .07902 .08032 .00026 .000022
51 .073M6 .07496 .07625 .07755 .07885 .08015 .00026 .000022
52 .07350 .07479 .07609 .07739 .07868 .07998 .00026 .000023
53 .07334 .07464 .07593 .07722 .07852 .07981 .00026 .000023
54 .07318 .07447 .07576 .07706 .07835 .07964 .00026 .000023

55 .07302 .07431 .07560 .07689 .07818 .07947 .00026 .000024
56 .07287 .07415 .07544 .07673 .07801 .07930 .00026 .000024
57 .07271 .07399 .07528 .07656 .07784 .07913 .00026 .000025
58 .07255 .07383 .07512 .07640 .07768 .07896 .00026 .000025
59 .07240 .07367 .07495 .07623 .07751 .07879 .00026 .000025

60 .07224 .07352 .07479 .07607 .07734 .07862 .00026 .000026
61 .07208 .07336 .07463 .07590 .07718 .07845 .00026 .000026
62 .07193 .07320 .07447 .07574 .07701 .07828 .00026 .000027
63 .07177 .07304 .07430 .07557 .07684 .07811 .00026 .000027
64 .07161 .07288 .07414 .07541 .07668 .07794 .00026 .000028

Note: Approx. average decrease in density per 0.1F rise in dry-bulb temperature equals .000017
lbm/ft'.
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Table 1 Psychrometric Density Table

Density of Saturated Air for Various Barometric Approx.

and Hygrometric Conditions-Ibm ft Average
Dry-Bulb Increas ,

Temp in DensityI
Temp. , Barometric Pressure niease iPler Ft

F in. Hg in Density \VC)-P, u))
Pr Olin. Depression

28.5 29.0 29.5 30.0 30.5 31.0 1agrotise in .,Barometer
5 47145 .07272 .07398 .07525 .. o0)26 .00o028

66 .o-,1ri .07256 .0739'2 .07508 .076:34 .07760 .o00026 .000029

67 .0711.1 .07210 .07366 .07492 .07618 .077-.1 .00026 .10(1029
.7098 .07224 .07350 .07475 .076l .07727 .0026 .000010

69 .07083 .0)7208 13.073:1 .07459 .07584 .07710 .11126 .10||:'0

0 .07067 .07192 .07317 .07442 .07568 .07693 .0026 000031
71 .07051 .07176 .07301 07.26 .07551 .)7676 .01)025 .J(11ow1 I
.2 .07035 .07160 .472u5 .07.1111 .075".1 47659 .o)1025 .000032

.07020 .071.1-1 .07268 .07:93 7517 .- 7(12 .00025 1101)33
1 .07004 .07128 .7252 .07377 .075111 .047125 .0025 .onowN):',

75 ,.698 .07112 .)7236 .07.60 .0748.1 .. 760 .000)25 14111)48.1

76 .46972 .07)96 .07220 .07343 .)7167 .07591 .0025 .l 411:, I
77 .0956 .070A) .07203 .07:27 .4)7-151 .0)757.1 .00025 .oo):115
i8 .46940 .0706 .07187 .07310 .47434 .07557 .41)25 .44411) 484
79 .06925 .07048 .47171 .)7294 .07.117 .0751)1 .1|4425 .4)425:2

so .06909 .417)32 .)7155 .07277 .)7.100 .0752: .141125 .oooo:7
81 .06893 .A7)15 .o7134 .1)7261 .07:18M .0756 .44425 11u)I 34
82 .06877 .070)0 .07122 .47241 .A7366 .17189 .0024 .144):19
83 .06S61 .069:3 .071145 .47227 .m7:.19 .4)7-172 .0|424 0)0"31!9
84 .068415 .06967 .07)89 1.07211 .1)733 1713.1 .0)24 .14o)44)144

85 .46829 .0695) .07072 .07194 .)7316 .4:7.137 .00424 .nf(1.1 I
86 .0)6812 .06934 .07056 .1)7177 .07299 .47124 .0002 .4J444412
87 1 .06796 .6917 .070:19 I 47140 .4) C 7281 .17 1):t .40424 .ll 3
88 .046784 .16901 074)22 .17!.18 .4724 1 .27t.5 .4444424 .4)14444:1

89 .06764 .06885 .47005 .47126 -)72.17 .078468 .444)24 .044,1.11

90 .06748 .0686S .06989 .0714)9 .4724 .7351 .41124 .444))15
91 .06731 .06852 .06972 .:)7)92 .1721 :1 .4)7:13: .)4424 .4004 .16
92 .6715 .06835 .46955 .47475 .07 195 .07316 .)21 .A100,0417
93 .06698 .06818 .069) 8 .)74)58 .07178 .0729S .0021 .00)18
91 .06682 .0681)1 .06921 .070.11 .07161 .47244 .44)024 .I)4)4).19

95 .06665 .1)6785 .069o4 0702,4 .471,13 .07263 .4024 .0)4050
96 .066.18 .06768 .06887 .07006 .47126 .472.15 .41)1)24 (444)051
97 .06632 .)6751 .46870 .06919 .A17) 148 .07227 .01 .44001052

98 .06615 .0673.1 .46853 .06972 .047491 .07209 .0001442.1 .)4, 45:3
99 .06598 .06717 .o6835 .4)6951 .07073 .07191 .44)21 .4044445.1

100 .06581 .0670 .)68)8 .06937 .4)7055 .)7174 .4)4)21 .044455

Note: Approx. average decrease in density per 0.)"F rise in dry-bulb temperature equals .000017
Ibm ft'.
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Table 2 Expansion Factors (Y) for Nozzles

Static Pressure I Diameter Ratio (p)
Ratio (a) 0 0.20 0.25 0.30 0.40 0.50

1.00 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
0.98 0.98923 0.98921 0.98917 0.98911 0.98886 0:98829
0.96 0.97834 0.97829 0.97823 0.97811 1 0.97761 0.97650
0.94 0.96732 0.96726 0.96716 0.96699 0.96625 0.96461
0.92 0.95619 0.95610 0.95598 0.95575 0.95478 0.95263
0.90 0.94492 0.94481 0.94466 0.94438 0.94319 0.94055

Table 3 Discharge Coefficients for Nozzles

Nozzle Discharge Reynolds Number (Re) Nozzle Discharge Reynolds Number (Re)

Coefficient (C) LD 0.5 L D 0.6 Coefficient (C) L D 0.5 ID 0.6
LD_0_5 L__ D_____ -7 0. LD=05 .

0.950 12961 14720 0.973 57519 63948
0.974 62766 69736

0.951 13657 15491
0.952 14401 16314 0.975 68713 76295
0.953 15196 17195 0.976 75488 83765
0.954 16047 18137 0.977 83249 92320

0.978 92195 102180
0.955 16961 19148 0.979 102576 113620
0.956 17942 20234
0.957 18998 21402 0.980 114715 126992
0.958 20136 22661 0.981 129024 142753
0.959 21365 24021 0.982 146048 161500

0.960 22695 25492 0.983 166513 184032
0.961 24137 27086 0.984 191401 211428
0.962 25703 28817 0.985 222073 245182
0.963 27407 30701 0.986 260450 287409
0.964 29268 32758 0.987 309324 341172

0.965 31303 35006 0.988 372865 411057
0.966 33535 37472 0.989 457538 504164
0.967 35989 40184 0.990 573788 631966
0.968 38697 43174 0.991 739389 813986
0.969 41693 46482 0.992 986593 1085643

0.970 45018 50153 0.993 1378954 1516727
0.971 48723 54242 0.994 2056291 2260760
0.972 52866 58815 0.995 3377887 3712194

Table 4 Equivalent Lengths of Straighteners

- L,

0 15.0
0.001 15.8
0.002 16.6
0.003 17.5
0.004 18.4
0.005 19.4
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+0.00 D+0.0
-0.03 - 0.03

0.251),

L _

0.6 671), 0.667D

'K_ V 1) D~

FAIRING RADIUS FAIRING RADIUS
ABOUT 0.05 1) ABOUT 0.05 D
IF NECESSARY. IF NECESSARY.

NOZZLE WITH THROAT TAPS NOZZLE WITHOUT THROAT TAPS

NOTES

1. Nozzle throat dimension L shall be either 0.61) , 0.005D (recommended) or 0.5D , 0.005D.
2. Nozzle shall have elliptical section as shown. Two and three radii approximations to the

elliptical form that do not differ at any )oint in the normal direction more than 1.5'1 D from
the elliptical form may be used. The outlet edge of the nozzle shall be square, sharp, and free
from burrs, nicks or roundings.
3. The nozzle throat shall be measured (to an accuracy of 0.001 )) at the minor axis of the

ellipse and the nozzle exit. At each place, four diameters-approximately 45 apart must be
within • 0.002 D of the mean. At the entrance to the throat the mean may be 0.002 D greater,
but no less than the mean at the nozzle exit.
4. The nozzle surface shall fair smoothly so that a straight-edge may be rocked over the surface
without clicking anti the surface waves shall not be greater than 0.001 1) peak to peak.
5. When nozzles are used in a chamber, either of the types shown above may be used. Where
a nozzle discharges directly to a duct, nozzles with throat taps shall be used, and the nozzle out-
let should be flanged.
6. Throat tap nozles shall have four static pressure taps 90' apart connected to a piezometer
ring.

Figure 4 Nozzles

AMCA STANDARI) 210-71 ASHRAF STANDARD 51-75 25



A

AIRFLOW

3.5 M AX.

AIRFLOWAIRFLOW

345 MAX.0,
7.5 M AX.

SECTION A-A SECTION B-B
(CONVERGING SECTION) (DI VERGING SECTION)

Figure 5 Transfornmat ion Piece

NOTE: All Dimensions shall be within :, 0.005D
except y which shall not exceed 0.005D.

DUCT -1t.( .451)

I I)

y 0~!~3 751)-

Figure 6 Flow Straightener
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PL.1 PL.2 PL.7 PL.5 PL.6

0.JMINI: L0.J MI .1. -. _--3> 1.5 IN. _.0.25 IN.

/P-SETTLING MEANS
S: (see note 5)

109 ',.7 (C 6  I, =i P"2

:-;- VARIABLE

EXHAUST

SYSTEM

T See note 6 Phe c Po.i eP

SETTLINGI
MEANS

FLOW AND PRESSURE FORMULAE

Q.,= 1096 YV,P/ps I.(CAs) P,.= P.2

V= (A,)(Pp? Pt P,2- Pf

P",z )2 P P,= P,- P,,

NOTES
1. Dotted lines on fan inlet indicate an inlet bell which nlay be used to simulate an inlet duct.
Trhe inlet bell friction shall not he considered.

2. )otted lines on fan outlet indicate a uniform duct 2 to 3 equivalhnt diameters long and of an
area within - 0.5'; of the fan outlet area and a shape to fit the fan outlet. This may be used
to simulate an outlet duct. The outlet duct friction shall not be considered.
3. The fan may be tested without outlet duct in which case it shall be mounted on the end of
the chamber.
4. Variable exhaust system may be an auxiliary fan or a throttling device.
5). The distince from the exit face of the largest nozzle to the downstream settling means shall
be a minimum of 2.5 throat diameters of the largest nozzle.
6. l)imension .1 shall be at least 1.0 times the fan equivalent discharge diameter for fans with
axis of rotation perpendicular to the discharge flow and at least 2.0 times the fan equivalent
discharge diameter for fans with axis of rotation parallel to the discharge flow.
7. Temperature (,,, may be considered equal to t,,,.

Figure 12 Outlet Chamber Setup-Multiple Nozzles in Chamber
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1.00t

I I I 1i

-"4 .. t

1 2 3 ~~~4 579 681 234579

0.99.~ VME

1, 0.5) - )

1 2 3 4 5 67891 2 3 4 5 67891 2 3 4 5 67891
10, Il0" Il0' 10'

REYNOLDIS NUMBIER

Figure 1S Cefitof' Dischare For FlowNzzle
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183.605 DEFINITIONS 
I ' H A

As used in the subpart

"'ASTM" means American Society for Testing and Materials.

183-607 INCORPORATED BY REFERENCE

(a)(2) ASTM Standard D-471 dated April 1975.

American Society for Testing and Materials
1916 Race Street
Philadelphia. Pennsylvania 19103

.\'eI See 18J.620(aJ(5I tir rc'rentr ta ASTIl

.ic' 2 (183,6007'(b )) 7ic i Ircio o.t ' tar i/it-citral R cus icr appri'o it' i/a cot'rp iratioa hi, ricm m Hi '
Selit',nber 26. 1976.

Not' 3 (183.607(a)) - Thlis standard is inenrporait'i in ite rek,'ulati''n hi' refierect'. Co pie's mratt li' 6Iadmcd
fron 'theu .lT.1 It is also tn'udlb'jor inspetion at

U.S. ('oust' Guard Hleadquarters, Rooim 420(
210 S't'tnd Street.W.
hWasinii t, DC 20-593. andt

O)ffi'e af thet h"lertz Register Librari'. Room S401
1100) 1. Street, N. W.
Washington. DC 20408

Xoie 4 Tt' pe(rtiat(itt aragraphls ofA',STA! 1l) 47] art' as hoios'

5. Standard Test Liquids 5 1.2 ASTM Refe'rene' Fue1.s-When gaso
5.1 For purpose of test, it is usually desirahle lines are to he encountered in sers ice, the test

to use the liquid with which the vulcanizare % ill shall he conducted in one of the ASTIM Rctcr-
come in contact in service. For comparative ence Fuels (Note 2) specified in Table 2. c~ccrl
tests with liquids of unknown or douhtful as indicated in 5.1.3.
composition, samples of liquid from the same NoU 2-The ASIM Reference Fujels in Table
drum or shipment shall he used. Many com- have been selected to provide the maximlum and
mercial products. particularl\ those of pe- minimum svelliiig effects produced h\ commercial
troleum origin. are subject to sufficient saria- gasolines. Reference Fucl A has a m1Id action on

tio tht i isnotpraticl t us thm fr tstclastonieric vulcanizates And produces rtsults of theliontha itis ot pactcalto se tem or estsame order as tov,-ssclling gasolines of the highl>
liquids. It is then advisable to use a standard paraff'inic. straiglii'run t ' \pe Reference Fuel B has a
test liquid, such As described in 5 1.1 and 5.1 L. more severe sweclling action on etaslomeric vulcarti'
covering the range of properties that mA\ he zates and exceeds the smelig Action of commercial

gasoline. Reference Fuel C hias a more severe swecll-
encounteted in the particular service. ing action which is typical of these experienced wxith

5 1.1I ASTAI Oi/s-The test shall he con- highly aromatic premium grades of automotive gas-
dueted in one of the petroleum-base ASTMI wines. TAL ASMRera Ft
oils (Note I) specified in Table I %hich hasTAL ASMRfreFut
its aniline point nearest that of the oil with Reference Fuel A 'Isoo'ianec

which the vulcanizate is expected to come in eerceueH iocn.7 'uepr
contact in service except as indicated in 5 1.3. Toluene,* 30 volume per.

NonF [-The aniline point of a petroleum oil ReeeneFulltcae'5)vlm e
appears to characterize the svelling action of that oil Reeec ulC Iocient 0~ounpr
on synthetic rubber In general. the lower the aniline 'Toluene! sO volume per
point, the more severe the bwelling action by the oil cent
'The oils specified in Table I cover a range of anilie
points commninl) found in lubricating oils. isoociane conforming in Section Annex A 2 H. Motor

Fuels Section. of the 1973 '14 '4STA Maniiat Iir Ratis
Mfoio'. Diree. anud 4 ui Fuelt

OTotuene conforming to ASTM Specif'icaioni tD 4Q.
for todustnnal Grade Toluene

Fk4W6Cl1N PAS BLAW-cmoT FiLwa
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IT'S THE LAW
183.605 DEFINITIONS

As used in this subpart -

"Fuel" means gasoline

Alcohol extended gasoline (gasohol) and other such gasoline based fuels are included in the defined term "fuel".

Diesel Fuel and compressed gaseous fuels (LPG., CNG, etc.) are not included.

IT'S THE LAW
183.605 DEFINITIONS

As used in this subpart -

"Open to the atmosphere" means a compartment that has at least IS square inches of open
area directly exposed to the atmosphere for each cubic foot of net compartment volume.

OPEN AREA LOCATIONS

The location of the opening(s) is (are) not specified. Open areas may be at the bottom, at the side or at the
top of a compartment as long as:

- the open area equals 15 square inches for each cubic foot of net compartment volume, (See Figure 2),
and
the opening is directly exposed to the atmosphere.

Notes: 1. A number of openings may be added together in order to obtain the required total.

2. Openings into an open cockpit are acceptable.

NET COMPARTMENT VOLUME

Net compartment volume is the result of subtracting the volume of installed items of equipment and accesso-
ries from the total compartment volume. Examples of items that may be subtracted include:

Engines
Tanks - Fuel, Water, etc.
Auxiliary Generators
Other Auxiliary Equipment
Batteries
Accessory equipment such as refrigeration machinery, pressure fresh water systems, etc.
For outboard boats - one portable 6 gallon fuel tank.

Examples of items that are not subtracted include:

Stowed Fenders
Stowed Anchor and Line
Stowed Chairs
Picnic Coolers
Other items that may or may not be in a compartment at any given time.

To assist in determining the amount of cubic feet to subtract, refer to Table I for suggested volumes of engines
and batteries, and Figure 3 for a graph of tank capacity vs tank volume in cubic feet.

42



FIGURE 2 .OPEN AREA
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FIGURE 3 - TANK VOLUMES
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TANK CAPACITY - GALLONS

FORMULA:

Tank volume (cu. ft.) = 0.134 x Tank Capacity (gallons)

For outboard boats one 6 gallon portable tank = 0.8 cu. ft.

SCREENS AND LOUVERS

If openings into a compartment are screened or louvered the area of opening is the net open area of the screen

or louver.

CONNECTING COMPARTMENTS

The regulation is not specific about compartments that adjoin a compartment that is to qualify as "open to the
atmosphere". The following discussion presents acceptable ways of handling this problem but they are not
necessarily the only ways.

An adjoining compartment that has an opening into a compartment that is to be "open to the atmosphere"
may also be "open to the atmosphere" if:

- the total of all open areas directly exposed to the atmosphere from both compartments is at least 15
square inches for each cubic foot of the combined net compartment volumes.

See Figure 4 for diagrams depicting some examples of connecting compartments.

44



FIGURE 4 -QUALIFYING CONNECTING COMPARTMENTS AS "OPEN TO THE ATMOSPHERE"

40 SO. IN. STARBOARD COMPARTMENT - 5 CU. FT.* OPENING BETWEEN COMPARTMENTS

450 SQ. IN. TOTAL OPEN AREA NEEDED TO
QUALIFY COMPARTMENTS AS - OPEN TO

AFT r- THE ATMOSPHERE".

COMPARiMEN 370 + 40 + 40 - 450

20 CU. F1 - - j  370 SO. IN. - OPEN TO THE ATMOSPHERE "

40 SQ. IN PORT COMPARTMENT - 5 CU. FT. OPENING BETWEEN COMPARTMENTS

NOTE The principle depicted above may be applied to I/0 boats with ski racks along the sides , or to
boats with bottom compartments between stringers.

300 SO. IN.

I225 SQ. IN. for COMPARTMENT NO. 1

COMP'T COMPARTMENT 75SQ. IN. for COMPARTMENT NO. 2

75 SQ, IN. 300 SQ. IN. TOTAL OPEN AREA
NO.2 NO.1

5 CU. FT 1  15 CU. FT.

BULKHEAD OPENING - 15 SO. IN. PER CU. FT. OF VOLUME
OF COMPARTMENT NO. 2

50 SQ. IN. 250 SQ, IN.

225 SQ. IN. OPEN AREA REQUIRED lot
COMP'T COMPARTMENT COMPARTMENT NO. 1

75 SQ. IN OPEN AREA REQUIRED for
NO. 2 25SQ IN NO.1 - COMPARTMENT NO. 2I 300 SQ. IN. TOTAL OPEN AREA REQUIRED
5 CU. FT 15 CU. FT,

BULKHEAD OPENING - NET AREA, REQUIRED SUCH THAT THE
TOTAL OPEN AREA IS 15 SQ. IN. PER CU.
FT. OF VOLUME OF COMPARTMEN" NO, 2
(In this cast, 50 + 25 :- 751

REMOVABLE ENCLOSURES

Wealher enclosures should not cover ventilation openings. It is reasoned that Ihese enClosules are nol airiighli
and must be opened in order to enter the hoal . I pon enlering, any gasoline vapors present should he ahle to
he detected by means of their odor. Snap-in bulkIIads, such as 1101or well curlains are not weathe enchosOies
and may require the enuclosed compartie|,i it) he ventilated. Ifan open c ompartment is covered by remov
able fahic type. weather enclosures they may he ignored.
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IT'S THE LAW
183.605 DEFINITIONS

As used in this subpart -

"UL- means Underwriters' Laboratories, Inc.

183.607 INCORPORATED BY REFERENCE

(a)(3) UL Standard 1128, dated August 23, 1977.

Underwriters' Laboratories, Incorporated
333 Pfingsten Road
Northbrook, Illinois 60062

Note 1. See 183.6 1 0(b) for rejerence to UL

Note 2. (183.607(h)) The Director of the Federal Register approred the incorporation by reference on March
24, 1978.

N'ote 3. (183.607(a)) This standard is incorporated in the regulation bY refe'rence. Copies may he obtained
froln IIL.

It is also availabhle fr inspection at

U.S. Coast Guard Headquarters, Room 4220
2100 Second Street. S. W.
Washington, D.C 20593 and

Of.ice o, the Federal Register Library, Room 8401
I I of) 1. Street S. It'.
Washington, D.C. 20408

Note 4. The pertinent paragraphs of UL 1128 are as !Ollows:

24. Blower Performance Curve 24.4 The static pressure of the chamber shall be
varied by controlling the test chamber discharge

24.1 A prformance curve shall be prepared for opening in steps from 0 to the maximum static
all blowers in accordance with paragraphs pressure developed by the blower (all discharge
24.2-24.5. A blower shall be mounted on the openings closed). An auxiliary blower connected to
blower airflow calibration chamber described !n the chamber discharge shall be used to obtain the
Figure 24.1 and all mating surfaces shall be sealed. lower static pressure readings. Chamber static
After a rur-in period of 3 hours at rated voltage, pressure shall be measured with an inclined
the following tests shall be conducted, manometer connected to a piezometer ring locat.d
24.2 Durng all calibration tests, the blower sh;dl at the input end of the chamber. Air flow shall be24.2 Durg al clibrtio tetsthe lowr s~dl determined by the pressure differential measured
be operated at its nominal voltage, as measured at deteined b tedpressurediferenlesurethe npu conectonsto he lowe. Te iput across the calibrated long radius flow nozzles. TIhe
the input connections to the blower. The input pressure differential readings shall be made on ancurrent, in amperes, and the RPM of the blower inclined n anometer connected to the piezometer
shall be recorded at each calibration point. rings located on either side of the nozzle plate.
24.3 Immediately preceding the calibration te:it,
the barometric pressure and both wet and dry bulb 24.5 The following data shall be plotted:
atmospheric temperature readings at the
calibration chamber shall be recorded. Following A. Static pressure versus air flow in cubic feet
the test, the air density shall be determined by per mitute (CFM),
means of a psychrometric density chart and the air
flow readings shall be corrected to a standard B. Cunent in amperes versus air flow in CFM,
density of 0.075 pounds per cubic foot (0.120 and
kg/rn'). C. Blower speed in RPM versus air flow in CFM.
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POWERED VENTILATION

Requirements

Blowers

Rated Bhiwei Capacity

Blower System Output

Duct Placement

Boat Label

FHLChD1LO PA,(Z BLANK-NoT F11JLD
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IT'S THE LA W
183.610 POWERED VENTILATION SYSTEM

(a) Each compartment in a boat that has a permanently installed gasoline engine with a cranking
motor must -

(I) Be open to the atmosphere, or

(2) Be ventilated by an exhaust blower system.tI
EFFECTIVE DATE: August 1. 1980.

(Compliance on or after August I, 1978 is acceptable.)

DEFINITION OF IRMS

A- "niartiem t" iK iny space in a boat that has length, width and height. It may be completely enclosed.
partially enclosed (o have one of its surfaces completely open such as a compartment under a how deck or a
L11opar Inent under a motor well, if there is rio enclosing bulkhead.

"Permanil tl installed'" with regard to an engine, means that it is securely fastened to the boat's Structure and
the neces',ary wiring, piping and controls are connected and secured to the boat in accordance with the appli
,.able I 'S(*(; regulations (33CFR Part 183, Subpart I Electrical Systems and 33 CFR Part 183, Subpart J.
I uel S,,,tems. The use of "Permanently installed" is to highlight its difference from the use of portable
equipment.

The terrninohg "gasolie enhine with a cranking motor" is used to indicate that the gasoline engine can be
,tarted from a location that is remote front the compartment in which they are permanently installed. An
engine without a cranking motor (starter) would require the presence of a person at the engine location ii
order 1,, start it. Presumably, any dangerous conditions such as liquid fuel or vapors being present would be
deteC ed and reinedied before the person would start the engine.

COMPEl ANCt:

Therefore tis section of the regulation speaks to those boats that have an "'engine with a cranking motor".
"permanently installed" in a "compartment". To comply with the regulation. one of the following two alter
natives must be satisfied.

The compartment must be "open to the atmosphere'" as the telmint ogy is defined in 183.605 "Defini
Iions" and discussed on pages 42 to 45 of this guideline, or

2. There must be an "'exhaust blower syseti' installed to ventilate the compartment in which the engine is
installed. An 'exhaust blower system" consists of one or mie blwers. and usually ducting and terminal
fittings attach ted Ithe ducts.

DO YOU COMPLY
I. Is there a gasoline engine in the compartment?
2. Is the gasoline engine permanently installed?
3. Does the gasoline engine have a cranking motor (starter)?

if you have answered "NO" to any of the above, see Section 182.620 "Natural Ventilation".

If you have answered "YES" to all of the above then you must answer "YES" to one of the following:

1. Is the compartment "open to the atmosphere" (see pages 42 - 45 for requirement)?
2. Is there an "exhaust blower system"? (see sections 183.610(b), (c), (d), (e) and (f) ( )

for requirements).
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IT'S THE LAW
18.3.610 POWERED VENTILATION SYSTEM

(b) Each exhaust blower or combination of blower% must be rated at an air flow capacity not les
than that computed by the formulas given in Table 193.610, Column 2. Blower rating must
be determined according to AMCA Standard 210-74, Figure 12. dated 1974, or UL Standard
1128 dated August 23. 1977.

Table 193.610

Column I/ Column 2- Column .1'

M~eow 34 Fr=5O FOz 20
A4 to 100 FrI1.5V F06V
Over 100 Fr=V/2 + 100 FO=0.2N'+ 40

%t/ ' o narmicni, I /o ounc' cnlli~iCc Ifltpartml'l C al I onmartinctitsoqic thereto, 1 )ciC /e' 'c

R' if [(d 1 i, 'nr cYupac/i) (F) cullic fiCC pet- Imiutc.

II- F FUTIVI D ITl1 August 1. 1980.
(Comtplianlce on Inl after August I, 19)78 is acceptable.)

CO I (I M I NI V ()NIP\AII,IN V VOlIIMI11

Tnic Volull~anges indicated inl Columnn I of Tahle 183.010 are net comnpal tnet voCIicSn (V) (0 tie enduefi

Net i.llliartnilctt \Coltulme is tlle resuilt of' subtracting tire Siollic oll perminentls installed tein'l,. "kucl 1\
ertgine(s). tle)ltanks. equiipmlent at(] accesso~ries Iloilltile total cllinpartlinill t 11113W [Ile culplal tllIlt
A discussion of' the items that may and may not he inciluded, and suggestions ior accllltttillW 10 ellgle Illcan
fuel tanlks appears as part if- tire discussion uinder section 183.005 onl pages 42 - 45 of fill,,~ielCC'

Vhe comipartment Volume miay be CibtaIned by detenlilillg [le alvera.ge Cross W1ectional llo thle t,1n11a;rt
mient fin squiare feet and mnultiplying it b\ tile length ll (Itle clillipal tlnient ill f-et. The atCs\,,C to, t1lIN cottlplila
tioin will be the C01ntpartlllelit volumeli in cubic feet.- [of all irleellilal comlpartm fiet tile %olllnes ot portionls it
tile ciinipartlinell may he computed separately and ~omibined to get tife total collipal tiltemlt Viltie. It ie
tire tlet climtpaintuent vlumlle subtract tile installed itents as ietetred tl above.

The t voluCmile (it' adjoii ng dim partinen ts may limae ito be added1 t il te en ginte Com part mllen t v0il lne . Tile
followinig rules apply:

ADD) If the areai Illopenings between clltlparietites is mlre than 2'; of tile arlea O~f tile Nepalratljilt) st net Cue
I bulkheads. 511tigers. frlallies. etc).

DO NOT ADD If' the area of openings between coimipartmients is equal to or less thatn 2 itthe aiei (ot Ile
area of tile separation structure (bulkheads, stringers. I rauneIS. e c.).

The iot ii net volum te ofI the e nginie coimpartmtentit in cluling cottntec tting cotipa itnmen ts who Cse VI 11111es ille le
quired it)i he ADDU I ) (Coilunt I l"fTable 183.610) is uised to determnine tite requhiredl "ilatd lowel 11pa0IN
(Column 2 of Table 183-010) and tire "blower sys tenm output'' (Columin 3 oif Table 183.010)
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FIGURE 5- RATED BLOWER CAPACITY
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COLUMN 2 RAI E) BLOWER CAPACITY

The ti flow capacity iating (Fr) of blowers is to he determined by one of two procedures.

I AMCA Standard 210 74. Figilre 12, - dated 1974. or

2 UIL Staodard I I2X dated August 23.1977.

Refi to l)etinitions section of this guideline for the applicable port ins tf these iwx) , aida dit I le AMCA
Stalidai d is a genel al standard for testing many types of air moving equipinen t The UI. Standard is Spek 1iL
Alk ii testing Iloau biwel,,.

Sin the IL test ptccedle was derived troi tie AMCA Stand;ad, the te.st rcsult, shuld he the same nceaid
l", ,t %hi0 statiditrd is, used to test a hiowet

BI( I R ,l/l Sill ( I I()

1it' I'i.iCrd 11'1. , o the icii med iclccwelt w c hk iw u 'r 1 i,1 cisci im tile liel omlctif: frtlill .t lhim' (I
i 11i 1 .1" i I c . I 3 0 (10 i t is to Ited thai ctluc or ii ore Ilti), er s i i wl% he use, i"ct, \ w ide the te IuIr ' 1. 1i
,il\ I w, e A '. Api 'l th i z .tted ilow el t-,pat"C tl'\ ili t. t tlJ '"tl I lt.'l/I s"1lllllt"

I am/ c I 7h , I I , Pt/r/mcpi I' uli' , cf ol tltii' lt/tar! Ill ii /a / at is 'i ct lm ' fcc!

1h, r,/c Itd ' lc' t/hcc ' i! I 'ii 1% 511 ic c 'cc P mmit o,

/,rm ih" , fit, !,lwcr wil/ stalihi tiis , ,moip arimtmi

" saiill/ 9 ltc lit/ , t lali /,it'/i c/fltl 'fjt al t 'lifci cll, , , rat 'tim/' I /is loo ,Wi ic'

/Ill ratt-i Nowt P ca/catI i s it .(l c'ohi f(, 1 f1, t 1 71111C

i 4',r s ,d ci,/cl aclit. I'' alifb1 t i st /icircltt'li/ ''ti- rii d /i l oiitc t , t iiif
'10 cc , ta/ trl /i 5 c/,1 m( 10,11 ci//0 1ii)M'icm aI /a 0 ' r, 11 ,1',t h icti /i t li I l?'t w 1 ',.

1111i's/. i ,i o. W! j 'n flic t l i r i ' lloo cfA c wi th ilifit/ic/ is ap ///) rais/ ll fcc c +i m 101.

tampt" Ph MI" rtPtl 1MVI tl 11m )1J 111~ Clltt ,Dv II It l ia 91 's SOO 11),l W, r 1~tlt ~ ,rW ,d .,

Ag ni m lt , tio,' . 'r t'l rc / i It' t malt' cc' iIsi I t lt t this ' r ,/t i l'c itt. I' t l to i ,ii I i.' ,i.

[ \tl/i/c/' l pt aoic 1/, cit ll'st /1't , i/itl/ dc , I cc /i'tll ' ltitl/c cl' ti I lk c(( 'il/cl t / ''/f c ui

dlrltl, t,,w % iv,, .'00l 'tll f' ( 'l. /)('r 11tllhtl dit./ ,,1 /h 1 11 tt,t, W ", ',' I Mimi'tt ; ".,
mit hlc s ( -/- wh,,d. tlhowcr withl ]livi]tr ( aptl ill' rtmll thl~all illc, miIIltlm l ~i H I ,, li ,

DO YOU COMPLY
Anssser ~ys'to one of tie following:

Is the blower rated in accordance with AM('A Standard 210 -74, Figure 12 dated 1974?, or I

Is lte blower rated in accordance with UL 1128 Marine Blower Standard dated August 23, I
1977? iMay be evidenced by the display of the UIL Marine Label).

Having determined the net compartment volume (('olumn I)

is the rated blower capacity of the blower or blowers selected at least that required
in Column 2?
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IT'S THE LAW
183.610 POWERED VENTILATION SYSTEM

(c) Each exhaust blower system required by paragraph (a)(2) of this section must exhaust air from
the boat at a rate which meets the requirements of Table 183.610, Column 3 when the engine
is not operating.

Table 183.610

Column I I C. lumn 22 Column 33

Below 34 Fr 50 FO=20
34 to 100 Fi-I.5V FO-0.6V
Over 100 Fr-V/2 + 100 FO=0.2V + 40

l Net Ct)mpartment volume ofengine compartmi, nt and compartments open theret,, - ( 'cubic feet.

2 Rated blwer capacirt (Fri cubic feet per ttmute.

3 Blower system output (FO) cubic feet per minute.

EFFECTIVE DATE: August 1.1980.

(Compliance on or after August 1, 1978 is acceptable)

COLUMN I arid COLUMN 2 were discussed under 183.610(b) on the previous pages.

COLUMN 3 BLOWER SYSTEM OUTPUT

A "blower system" includes the items and devices used to convey ventilation air flow into and out of a boat.
Examples of such items and devices, but not to exclude others, are as follows:

Blower(s)
Ducting
Terminal fittings
Cowls, scoops, funnels
Screens
Dorade boxes

The air flow required (FO) for the exhaust blower system is like the rated blower capacity in that it is based
on the net compartment volume (V) (COLUMN 1). The "blower system output" is stated in COLUMN 3 of
Table 183.610. These "blower system output" requirements establish the minimum efficiency permitted
(40%) for an exhaust blower system design. Each item or device used in a blower system offers resistance to
the air flow available at the blower. To be considered in the design of a blower system are the following:

Duct resistance
Duct bend resistance (the tighter the bend the higher the resistance).
Terminal fittings (end brackets, Y fittings, adapters, etc.).
The distance that duct opening is away from a surface that could obstruct air flow.
Cowl, scoop or funnel resistance.
Screen resistance.
Dorade box resistance.

The above list is not intended to exclude any item or device in the blower system that might offer resistance to
air flow.

If more than one blower is used, the "blower system output" is the total quantity of air from all blowers in
cubic feet per mipute exhausted from the boat. Figure 6 is a graph of "blower system output" versus net
compartment volume.
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FIGURE 6 -BLOWER SYSTEM OUTPUT

H+

4-.14-

IN0 I- 'T

75 -.-- 25 5s' 0

2LW 100 -k +

100

206000080 10 20 40 10 .10 20

50055



FIGURE 7 TYPICAL SLOWER PERFORMANCE CURVES

AIR FLOW (GnU) vs STATIC PRESSURE (INCHES OF WATER)
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EXHAUST BLOWER SYSTEM AIR FLOW DETERMINATION

During the process ot rating a blower, curves of blower performance ate usually developed and are required it
tested in accordance with the UIL 1128 -Marine Blower's" standard. Thre curves show air flow ti various
static pressures and also irecord the current and RPM of thre hlowei at thiese wiflows. See Figure 7 fo ai itypical

set of blower curve%.

VENTILATION SYSTEM DESIGN

In laying out a1 poweICL ventilation system it would Ihe hielpfl ito base sonic idea of'what the \ teir outpuit
might be befrite tbe boat is built. Tire ''ruiles of11I11) thu )I pese1ircd here are based oii data accumufled tr,irri a
number of' isolated tests and are not to he used ito determine ciompliatnce with tb5' repirlatiin. I lie' max tmlx
be used to estime the "blower system output".

TABLEI 11 ISTIMATFI) EFFECT 0I BLOWER SYS I LMv ('OMI1'OlNNTS

Item Perceirt I os's it Blower
Rated Capacity

Duct ing 2per t I of' letrgtbh
[Ifuct itig benlds 90ou t0o: cacti bend
('lanisbell 1)D

Sc ien 1/4'' mesh 101t'

.\7 ( t iowe~r revistaticc ifettivmati he si/i/i rc sil /iiL iiar ng r ti 1?/ 0'1, svs5/in er/it ii i-,

I \amtple. A ciiitemup]ate (I bliiwer systen I II a I t'ot Iuc k11 (0'; ). onle 90'' bend L (10' aI CI i IISbe I If 20
an1d a screen ( 10, 1.

Tberetie 11re estinitted *'bliwer system outpt' i\ '( less iti.iii ti11' 't'owe1 lated CaIpdicit

FtiGURE 8 METHOD 1 Current Measuemnent

AMMETER

RHEOSTAT
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To obtain the air flow of an exhaust blower system using the blower performance curves then becomes an easy tas

The following outlines two methods that may be used on an installed system:

METHOD I - Current Measurement (See Figure 8)

Step 1. Connect an ammeter into the wiring going to the blower.

Step 2. Energize the blower at its nominal voltage: e.g. 12. 24. 32 volts etc. A rheostat may be needed to
control the voltage.

Step 3. Read the current draw in amperes. The boat's engine is not to be operating when taking this reading.

Step 4. Enter the performance curves at the determined amperage and read the air flow in cubic feet per min-
ute (CFM).

METHOD 2 RPM Measurement (See Figure 9)

Step I. Energize the blower at its nominal voltage; e.g. 12. 24.32 volts etc. A rheostat may be needed to
control the voltage.

Step 2. Determine the RPM of the blower. A stroboscope is one instrument that may be used to read RPM
of rotative machinery. The boat's engi ie is not to he operating during this reading.

Step 3. Enter the performance curves at the etermined RPM and read the air flow in cubic feet per minute
(CFM).

FIGURE 9 - METHOD 2 - RPM Measurement

STROBOSCOPE

READ RPM

56



Both of the above methods are accurate means for determining the effective air flow of an exhaust blower system.

Also there aie numerous instruments that measure air velocity in feet per minute.

METIOD 3 AIR VELOCITY MEASUREMENT

To obtain air flow in cubic feet per minute requires:

determination of the cross sectional area of the duct, at the measuring point, in square feet.
determination of the average air velocity across the duct at the measuring point. The air velocity varies
from the duct surface to the center of the duct. (See [igure t0).
multiplying the cross sectional area in square feet by the average air velocity in feet per minute will provide
the ait flow in cubic feet per minute. (CFM).

This method may not be accurate as it depends on the ability to determine an accurate average air vehocit,
It may be possible to develop a correlation between this method and one of the Methods I or 2 in whtch cae
this method may prove satisfactory. Also if duct air flow theory and the associated formulas are familiar thc,
coultd be used.

FIGURE 10 METHOD 3 Air Velocity Measurement

AIR VELOCITY
METER

AIR VELOCITY VARIES DUE TO DUCT FRICTION

RL\D AIR VELOCITY FEET PER MINUTE

DO YOU COMPLY
Having determined the net compartment volume (Column I)O

Is the exhaust blower system output at least that required in Column 3 when the engine is not
operating. I
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ITP$ THE LAW
183.610 POWERED VENTILATION SYSTEM

(d) Each intake duct for an exhaust blower must be in the lower one-third of the compartmentand above the normal level of accumulated bilge water.

EFFECTIVE DATE: August 1, 1980
(Compliance on or after August 1, 197 8 is acceptable).

The duct connected to the intake side of the blower is used to select the point in a compartment where the
compartment air will be exhausted. The purpose of exhausting air is to remove potentially explosive or
flammable vapors that may have accumulated in the compartment during normal operation of the boat. It is
intended that the ventilation required by this regulation be sufficient to maintain safe operating conditions
under normal circumstances. What this means is, that ventilation can not be relied upon to remove liquid fuel
or all its vapors such as might be present if there is a leak in the fuel system.

The vapors that may occur during normal operation are usually those associated with carburetor boil-off after
the engine is turned off. These vapors will usually flow to and collect in the lowest part of the compartment.
The regulation requires that the exhaust blower duct opening be located so that it is "in the lower one-third of
the compartment". This is to get the intake opening into the portion of the compartment where the vapors
are most likely to collect. Usual locations include:

under an engine
between engine stringers

- at a sump, possibly provided as a bilge water collecting point.

In addition, consideration must be given to the possibility of normal bilge water accumulations covering the
intake opening. "Normal accumulations of bilge water" is that which occurs from propeller shaft stuffing box
seepage, spray while operating the boat, and rain. The water remaining in the boat after a bilge pump
completes its normal pumping cycle would be considered normal. The opening of the exhaust blower intake
duct must be above this "normal level of accumulated bilge water".

It is important to evaluate each engine compartment design and to locate the intake opening of the exhaust
blower duct so it will be in the best position to remove any collected vapors.

DO YOU COMPLY
Is the intake opening of the exhaust blower duct -

Located in the lower one-third of the compartments?

Above the normal level of accumulated bilge water?

IT'S THE LAW
183.610 POWERED VENTILATION SYSTEM

(e) More than one exhaust blower may be used in combination to meet the requirements of this
section.

EFFECTIVE DATE: August I. 1980
(Compliance on or after August 1, 1978 is acceptable)

This section authorizes the use of more than one blower in a compartment in order to provide the required
"rated blower capacity" and the required "blower system output". The use of one or more blowers has been
discussed under the previous sections.
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DO YOU COMPLY
Since this section is a statement of permitted use of more than one blower. there is no specific compli-
ance question.
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IT'S THE LAW
183.610 POWERED VENTILATION SYSTEM

(f) Each boat that is required to have an exhaust blower must have a label that -

(1) Is located as close as practicable to each ignition switch;

(2) Is in plain view of the operator; and

(3) Has at least the following information:

WARNING

GASOLINE VAPORS CAN EXPLODE

BEFORE STARTING ENGINE OPERATE BLOWER FOR 4 MINUTES

CHECK ENGINE COMPARTMENT BILGE FOR GASOLINE VAPORS

1IFtC'TIVE DAT': August I, 1080
(Compliance on or after August I, 1978 is acceptable).

Ita blower is required on a boat, there must be a label affixed to the boat. The label must be located such that
two requirements are satisfied:

I . It must be near the ignition switch(es); and
2. t must he able to he seen by an operator who is in a normal position to operate the ignition switch(es).

Fxamples ot L.abel Locations

f. It the ignition switch(esi is (arej on the side of a console then the label(s) should probably be on the top
visible surface of the console above the switch(es).

2. It two ignition switches are located next to each other, then one label could serve both switches.

3. If two or more ignition switches are provided for one engine such as might be the case with a boat with
two steering stations then a label must be at each location. A boat with a flying bridge often has two
steering stations.

4. It a boat is equipped with auxiliary gasoline powered equipment such as a generator, then the ignition
switch location for said equipment must have a label.

The label must contain the information specified. It doesn't have to be stated in the exact words used but
must deliver the same message.

An acceptable label consists of four elements.

I. The signal word WARNING
2. The hazard GASOLINE VAPORS
3. Consequences of the hazard CAN EXPLOI)E
4. Action required BE FORE STARTING ENGINE OPERATE

BLOWER FOR 4 MINUTES
AND

CHECK ENGINE COMPARTMENT BILGE-
FOR GASOLINE VAPORS

PRLCI1LO PA(Z BLAWK-NOT FIIJ&D
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Additional information may be included on the label. A prepared label has the following format:
WARNING

Gasoline vapors can explode
Before starting engine:
- Check engine compartment for gasoline or vapors.
- Operate blower for 4 minutes.
Run blower below cruising speed.

DO YOU COMPLY
Is a blower required?

If yes, then:

Is there a label installed?

If yes, then:

Is there a label near each ignition switch; and (
Is the label located so that the boat operator can read it (

Does the label contain at least the information required by 183.6 1O(f)(3)

64



NATURAL VENTILATION

When Required

Compartment Opening

Ignition Protection

Fuel Tank Permeability

Performance

Opening Location

Air Flow Criteria

Compartment Exception

Opening Area

Adjoining Compartments

Duct and Opening Area

Terminal Fitting Opening Area
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IT'S THE LAW-
183.620 NATURAL VENTILATION SYSTEM

(a) Except for compartments open to the atmosphere, a natural ventilation system that meets the
requirements of 183.630 must be provided for each compartment in a boat that -

(I) Contains a permanently installed gasoline engine:

EFFECTIVE DATE: August 1, 1980

(Compliance on or after August I, 1978 is acceptable)

NATURAL VENTILATION

Natural ventilation is a term applied to the provisions of air flow inside a compartment that is induced by non-
powered means: e.g. ducts, louvers, clamshells, etc. The requirements for the "Natural Ventilation System"
are described in detail in the sections of 183.630.

Any compartment that has a peimanently installed gasoline fueled engine must have natural ventilation
Engines for propulsion and auxiliary equipment are included.

EXCI,'PTION: Compartments qualified as "'open to the atmosphere ", do not require additional rentilati,,n
See 183.605 fo~r the definition of "open to the atmnosphe're

"Permanently installed" with regard to an engine, means that it is securely fastened to the boat's structure and
te -necessary wiring, piping and controls are connected and secured to the boat in accordance with the applh,:,
ble USCG regulations. (33CFR Part 183. Subpart I Electrical Systems. and 33CFR Part 183. Subpart J [-il
Systems). The use of "Permanently installed" is to highlight its difference from the use of portable equipment

DO YOU COMPLY
Is there a gasoline fueled engine permanently installed in the compartment? ( I

If "YES" then one of the following must be answered "YES".

- Is the compartment "open to the atmosphere" as defined under 183.605? or I I

- Is there a "natural ventilation system" provided? (See 183.630 for requirements).

IT'S THE LAW
183.620 NATURAL VENTILATION SYSTEM

(a) Except for compartments open to the atmosphere, a natural ventilation system that meets the
requirements of 183.630 must be provided for each compartment in a boat that -

(2) Has openings between it and a compartment that requires ventilation, where the aggregate
area of those openings exceeds 2 percent of the area between the compartments, except as
provided in paragraph (c) of this section-

(c) An accommodation compartment above a compartment requiring ventilation that is separated
from the compartment requiring ventilation by a deck or other structure is excepted from para-
graph (aX2) of this section.

EFFECTIVE DATE: August 1, 1980
(Compliance on or after August I, 1978 is acceptable).

EChD LOG PAtZ BLANC-NOT FILKJD
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OPEN TO THE ATMOSPHERE

Compartments that are "open to the atmosphere" do not require additional ventilation.

ADJOINING COMPARTMENTS

This section along with 183.620(c), which is included above, answers the question;

Is ventilation required for a compartment that has openings into a compartment, such as an engine corn -

partment, that requires ventilation?
27, RULE

The total area of all openings in the separating structure (bulkheads, stringers, frames, etc.) between the con-
sidered compartment and one requiring ventilation, determine whether ventilation is required.

(1) If the total area is more than 2% of the area of the separating structure - natural ventilation is required
in the adjoining compartment.

(2) If the total area is equal to or less than 2% of the area of the separating structure - ventilation is not

required in the adjoining compartment.

EXCEPTION: Compartments used for accommodations do not require ventilation if

- the accommodation compartment is above the compartment requiring ventilation, and

- the accommodation compartment is separated from the compartment requiring ventilation
by a deck or other structure.

It is noted that there is no size criteria for the separating structure between an accommodation compartment
and a compartment requiring ventilation.

"Accommodation compartments" are those designed for storage or living purposes for persons aboard
the boat. Examples of specific uses of accommodation compartments include; staterooms, heads (bath-
rooms), galley, pilot house, navigation, workshop and other similar people oriented uses. These uses
contrast with engine and fuel tank compartments.

DO YOU COMPLY
Is the adjoining compartment requiring ventilation separated by a bulkhead or other structure whose total
area of openings is more than 2% of the area of said bulkhead or other structure? (

If "YES", "natural ventilation" is required for said adjoining compartment except as indicated below.

Is the adjoining compartment to a compartment requiring ventilation "open to the atmosphere"?

If "YES", no additional ventilation is required.

Is the adjoining compartment:

- an accommodation compartment,

above the compartment requiring ventilation, and

- separated by a deck or other structure

If "YES", to all items then "natural ventilation" is not required.

Is the adjoining compartment to a compartment requiring ventilation, separated by a bulkhead or
other structure whose total area of openings is equal to or less than 2% of the area of said bulkhead
or other structure.

If "YES", "natural ventilation" is not required.
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IT'S THE LAW
193.620 NATURAL VENTILATION SYSTEM

(a) Except for comrpartments open to the atmosphere, a natural ventilation system that meets the
requirements of 183.630 must be provided for each compartment in a boat that

(3) Contains a permanently installed fuel tank and an electical component that is not igni -
tion protected in accordance with 193.4 10(a).

EFFECTIVE DATE: August 1, 1980
(Compliance onl or atler August 1. 1978 is aeceptahie).

OPEN TO THlE ATMOSPIII-RE

(lompmir uentsN thl are "open to the atmnosphere' do0 not requreadditional ventilation.

Ft I I I ANK COMPA\RTMENTS

A ciroparinient containing a triel tank that is ''pcrrnar -ntly installed'', as opposed to a portahle tank or
co ntirner. dores rno( reqire natuiiral venilIat ion unless the :om partiecnt also con1t a ins ar elec t rical co mpo nent
that Is not ignition protected.

Ignition piote tiron is definedl in33 (FR Subpart I "Eler ical Systems''. 183.410O(a) as follows.

'183.4 10 IGNITION IOTECTIeN

(a) Each electrical component inist not ignite a propine gas anid air misiule that is 4.25 toi 5.25 pericent
prorpante gas hy vol umie Stir OUntd ing thle electrical comnt rrenit whieti it is operated at eachi of its toanti-
facturer rated voltages and current loadinigs. uttle:s it is isolated froin gasoliine fuel souirces, such as
engintes and , valves, con nec tions , or o ther fitt ings Iit ve nt lintes,, fill lintes. d is trntiti lines or or luel
tainks. in accordance withr paragraph (b) of' tis Sect ion."

Usually fuel level senders arid the assoiciated wiring arc nor sources ot ignition rnd therefore woruld tiot riir
ally cause a treed or inatural vent ilation.t

DO YOU COMPLY
Does the compartment contain both:

a permanently installed fuel tank, and

ait electrical component that is not ignition protected

If -YES" then oine of the following must be answered "YES".

Is the compartment, "open to the atmosphere" as defined tinder 183.605'! or

Is there a ".natural ventilation systemn" providled? (See 193.630 for requirement.)(
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IT'S THE LA W
183.620 NATURAL VENTILATION SYSTEM

(a) Except for compartments open to the atmosphere, a natural ventilation system that meets the
requirements of 183.630 must be provided for each compartment in a boat that

(4) Contains a fuel tank that vents into that compartment, or

EFFECTIVE )ATE: August 1. 1980
(Compliance on or after August 1, 1978 is acceptable).

OPFN TO IIF A IMOSPI IERE

Compartments that are "open to the atmosphere" do not require additional ventilation.

LULL. TANK (OMPARTMINT PERMANENTLY INSTALLED FULI TANKS

A pernianently installed fuel tank must have a vent system in accordance with 33 ('FR Subpari J 'Fuel
Systems". 183.520. This section on fuel tank vents requires that vents have a flame arrester and "not allow a
fuel overflow at the rate of up to two gallons per minute to enter the boat." In effect this requires a fuel tank
vent whose opening is outside of the boat and therefore will not vent into the compartment. For permanently
installed fuel tanks 183.620(a)(3) and (5) are more likely to apply.

FUEL TANK COMPARTMENT - PORTABLE FUEL TANKS

('oiipaitnents used to store vented portable fuel tanks or containers are required to be equipped with "natural
ventilation".

Cockpit seat lockers in auxiliary sailboats are often used as fuel tank compartments for portable outboard
motor fuel tanks. It this fuel tank vents into the locker then "'natural ventilation" of said locker is required.

Since fuel vapors seek the lowest point of any conipartment, this property ofgasoline vapors should he con
sidered when designing and constructing a compartment that will contain a fuel tank or container that can
vent into said comilpartnent An, openings in) or near the bottom of the compatment could permit explosive
vapors it) flow into the bilge of the boat where an ignition source might ignite them.

DO YOU COMPLY
Is there a fuel tank in the compartment that vents into said compartment?

If "YES" then one of the following must he answered "YES".

Is the compartment "open to the atmosphere" as defined under 183.605?, or

1s there a "natural ventilation system" provided? (See 183.630 for requirements.)
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IT'S THE LAW
183.620 NATURAL VENTI1LATION SYSTEM

(a) Except for compartments open to the atmosphere, a natural ventilation system that meets the
requirements of 183 .630 must be provided for each compartment in a boat that -

(5) Contains a non metallic fuel tank --

(ii with an aggregate permeability rate exceeding 1.2 grams of fuel loss in 24 hours per
cubic foot of net Compartment volume, or

(ii) if the net compartment volume is less than one cubic foot, having a permeability
rate exceeding 1 .2 grams of fuel loss in 24 hours.

Reference fuel **C" at 40 degrees Celsius plus or minus 2 degrees Celsius from ASTM standard
1)471 1979. is to be used in determining the permeability rate.

I+ lECTI VI DAIT Au~gust I , 1980
(C'ompliance on or after August 1,. 197K. is acceptable.)

OPEN ITO THlE ATMOSPI II RF

Comrparirrients tha arc ''openl to the atmosphere'' do not 'ie additional venrtilationr.

PI1 RM F A IIl I I FY

Most all plastics and liberglass will permit gasoline and its vapors to pass through it. This capability of' thre
mnaterial is termied ''permeability''. lThe ''permeability rate'' is thre qtuantity of gasoline that passes through
tire mat1erial in a specific lettgth of. time or per unit of ''net compartmnrt volume''. (See 183.605 ''Open to
lhe atmosphere'' and1 its discussiotn fot how ito determine ''net corrtparttettt voltume"'.) The ''perrteabiix rtlc

al; niratetial is affected by tire thicknress and density of' t1e mraterial and thre temperature at which thre test is
con1ducted mtaN have an effect otn tire 'peirmeability rate''. Therefore, cottditions ofthre test nmust be controlled
aS wellI aS standarad procedures used.

-1111 TFST

There are two way's thtat tests tray be conducted to obtain tire permeability rate oftnon metallic mnateiials tised
for fuel t aniks. Thie Iwo ways are differentiated bx htow thre test samntple is p repa red.

I. A test sample If air actual fuel tank may be subj~teri to the test nrocedures. or

2. A test sample of a piece of tie fuel ink tmaterial may bie mounted oin a statrdardiied container ( such as
a 6' \ 6'' sample) atnd then subittted to the test procedur[es witih the results extrapolated] niathernati
cally to obtain the performranrce oft a furll su/ed tank.

Both of' these miethods have been tised ex peritieritally arnd appear toi correlate.

fThe fuel to be used in the test. to represent gasorlitne, has been standardized as ASTM D) 471 .79 Reference
lrel " 'C''. This port io n o f tire ASTM starr datd appears itt I183 .605 of this giuidel ine as part of' tire discussion o f
thre defintit ion rof "AS1M''.

lFre U.S. ('oast G .uard test proiced ures for ''perrmeabi lity ov nont t metallic fuel tanks'' is a Separate pubi cat ion
wicih will become available frorn:

Nationial Technical I nforrrtatirrn Service
Springfield.
Virginia 22 1 o
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RI QIJIREMEITS FOR VI:NTILATION

Per ruerhie fiton met all ic materials may he uised for fuel tanks tin boats, I owever, depending inl the permeahif
ity late it the mnater mal and the net volume of file fuel tank compartment, "natural ventilation" may be requir
e fill thle fuel tank compartment.

Tic icguilitiori evaluamtes the need for "liatural ventilation" of the fuel tank compartment based oil whether its

lesN T hian line cublic foot, of

One tr it i 0e CUbMt Iet

I I SS IiA\ ONI ('tBit FOOT

\ tucitrink compartmient whose itet volume is less than onte cublic toot is icquired ito have "natuial ventilation"
it The fuiel tank's permleability rate is more than 1 .2 giants totIal fuel loss in 24 hour,.

ONI[ OR N()Rl, CUBIC FFFT

A Itiel .iiik coirpai tmen whioc net voilumie is oine il mo re cubic feet is reqired to lhave -imatural yen iki Iion''
if Tie ituel taniks pernieabiiy rate is more than 1.2 granis ofl luel loss pet each cubic toot of net commpartmrent
iot ine is a period ofl 24 hours.

Pr rcC I rim

I Obt(ain tfie permeability rate (it the rrrrt -metallic fuel tank lor a 24 bour period ti terms ofl grais ofl fuel
liss.

2. Detrme thie "net compartnment volutme'" for tire fuel tank compartment.

3. ('iltite the grains (it' hiel loss per cubic foot i if *-net compartment Violtumfl.

UIairple lotal fulel liss firm a irot) iretalhic Tank is kiumid tol be Il) gtrins tn 24 hours.

irle net coiriparnilleut %olumeik for t111S evarntple is 1 2 cii ft.

*'le permeability rtte ts 0"1.83.3 grais tit fueIloss iii 24 homirs per cuhic toot of mietn ipar t
lirent vlirlnle. 7

Colllnisiort The tfile] tank coimpartment ti thre e\arrple does nilt neced "naturtal semtltltlnton' i met tIre
requiremnents orf thle regulation.

Qulestion Whit is thre nnuiiitril net comlpar imert toluir betore ''riil venilation'' is reqluired iii The
,ibove example'

Answer Per the e\amnple.

tire fuel taink liss was stated ito be 10 grains, in 24 hours.

the permitted fuel loss mray not exceed 1 .2 grain1s per luic], fonut in 24 hitis.

Threretefore thre net comnpartmtent voluime lirrisi be at least S.33~ cubic f eet in order that rno veirtlamor
be requti red,. A crmipar riten mi i less timan 8.33 t-ibic f eet iof net cuimpam t memt Voliuirme reqrim r es
''natural ventiLaitiri' it) be provided.

It is iteresting it, nTile that nany oif the no mrretallic mnaterials iii culremit rise forl gasoline fuel tanks hive a
perileablimy matie suicilitat ''ratuiral ventilation'' of the fujel tank ciimmpartment will be meqitired ti omder ito
ol.unply with tliis section ntl tire regulation
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: DO YOU COMPLY -
Is the fuel tank non-metallic? 

( )

If"YES". then:

What is the total fuel loss of the fuel tank as determined by a PERMEABILITY TEST conducted for a
period of 24 hours using Reference fuel "C"at 40 + 20C as described in ASTM D-471-79? (.grams)

I. Is the fuel tank compartment's net volume less than one cubic foot? (

If "NO" see "2".

If "YES", then:

a. Is the permeability Rate of the Tank

1.2 grams or less in 24 hours? (

If "NO" see "b"

If "YES" NO VENTILATION REQUIRED

b. Is the Permeability Rate of the Tank

more than 1.2 grams in 24 hours?

If "NO" see "a".

If "YES' NATURAL VENTILATION REQUIRED

2. Is the fuel tank compartment's net volume one or more cubic feet?

If "NO" see "I".

If "YES", ihen:

What is the Permeability Rate of the Tank, per cubic foot of net compartment volume, in
24 hours? (.grams)

a. Is it 1.2 grams per cubic foot or less?

If "NO" see lb".

If "YES" NO VENTILATION REQUIRED

b. Is it more than 1.2 grams per cubic foot?

If "NO" see "a".

If "YES" NATURAL VENTILATION REQUIRED
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IT'S THE LA W
183.620 NATURAL VENTILATION SYSTEM

(b) Each natural ventilation system must be constructed so that -

(1) Each supply opening required in 183.630 is forward facing and located on the exter-
ior surface of a boat; or

(2) Air will flow into or out of the supply or exhaust openings required in 183.630 when
the boat is in a wind flowing from bow io stem at a velocity of 10 miles per hour
when the engine is not operating.

EFFECTIVE DATE: August 1, 1980

(Compliance on or after August I, 1978 s acceptable).

IS A TEST NECESSARY?

The regulation provides two ways to comply with requ rements for placement of openings to be used for a
"natural ventilation system". Either means of complian :e may be used.

I. Install supply openings that face forward toward the bow of the boat. This may be accomplished by the
use of clamshells, scoops, grills, funnels, louvers, et . No test is necessary. See Figure I I

2. Conduct a test, to verify thit air will flow either i i or out of all openings provided for use as a "'natural
ventilation system". Air does not have to flow in both directions but merely has to flow into or out of
each opening during the test

AIR FLOW TEST

Test Location The lest should be conducted in an area clear of obstructions to assure an even air tlow around
all surfaces of the test boat, A large parking lot, on the water, and in a large open doorway have been used
successfully to run this test.

Test Boat Orientation - The test boat must be placed so that the bow of the boat is headed toward the source
of the wind or air flow and the boat's centerline aligned with the direction of air flow. If the test is conducted
using natural wind conditions this orientation may have to be averaged due to small shifts in wind direction.
If the test is conducted under more laboratory type of conditions then the air flow source and direction can be
more accurately controlled.

Air Flow Velocity - The air flow or wind is to be no more than 10 miles per hour over the test boat in order
for the test to be valid. Adjustments to achieve a ten miles per hour air flow velocity may be made by:

using a variable air flow source such as a controllable wind generator.

towing the boat by another boat to increase the wind velocity if the natural wind velocity is not sufficient.
The test boat's engine is not to be operating.

towing the boat on a trailer. The boat may be towed against the wind or with the w~nd in order to achieve
the correct air flow from bow to stern.

adjusting the size of openings in one end of a building that is used as a wind tunnel with the boat at the
other end of the building in a doorway.

To measure the air flow there are a number of meters available. A meter should be chosen to be accurate at the
ten miles per hour velocity in order for the test to be valid.

Air Flow Verification The object of the test is to determine if there is air flowing into or out of openings,
supply or exhaust, provided for natural ventilation purposes. To verify that there is air flow in or out is
sufficient as there is no air flow velocity specified for these openings. There are a number of ways to indicate
if there is or is not air flow in the vent opening:

75

-i GlIO PAGE RAW-NIM nu"



FIGURE 11 - FORWARD FACING SUPPLY OPENINGS

-_----.----

OPENING FACING FORWARD

TO BOW "

~TO BW

LOUVER VANES SHOULD EXTEND AT

FUNNEL - OPENINJG-iFACI FORWARD LOUVERS - OPENINGS FACING FORWARD

TO BOW \-

TO BOW

COWL - OPENING FACING FORWARD CLAMSHELL - OPENING FACING FORWARD

TO BOW

. TO BOW

PLASTIC VENT - OPENING FACING FORWARD CABIN TOP VENT - OPENING FACING FORWARD

76



FIGURE 12 - AIR VELOCITY VERIFICATION Air Velocity Meter

ThnStrips of

Mylar Wand.

Squeeze Bulb
Smoke Generator

Air Velocity Meter

an air flow velocity meter may be used even though velocity readings need not be taken. It is to be noted
however, that a recorded eading is a verification of air flow. See Figure 12.

tufts of fabric or fine threads may be fastened inside the openings or attached to a wand that is held inside
the openings and observed to see if there is air flow.

chemicals such as titanium tetrachloride that will give off a smoky vapor in the presence of air flow may be

used. however, extreme caution should be exercised in the event that the chemical or its vapor may be toxic.

smoke generators, there are hand operated puff types, have proven successful.

finely shredded strips of paper or plastic may be used in the same way threads might be used.
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Documentation There is not specific requirements for iecording information or how to certify that success
ful test has been conducted. It is, however, good practice to record each test that is conducted. A ieport
should include:

date of test

- test conditions

test location and placement of test boat. A diagram or photographs are extremely helpful for this inloima-
tion

test procedure, a step-by-step description of what was done and how air flow was determined.

the test results. stating the position of each opening aid if air flow was detected. Diagrams. photographs
aid ir flow readings can be helpful to demonstrate compliance with this part ot the regulation.

DO YOU COMPLY
Answer "YES" to one of the following:

Are all supply openings, for the "natural ventilation system", facing forward?, or

Is there detectable air flow, in or out, in both supply exhaust openings when the boat is
headed into a 10 miles per hour air flow or wind'?

IT'S THE LAW
183.620 NATURAL VENTILATION SYSTEM

(c) An accommodation compartment above a compartment requiring ventilation that is separ-
ated from the compartment requiring ventilation by a deck or other structure is excepted
from paragraph (a)(2) of this section.

EFFICTIVE DATE August I. 1)80
(Compliance on or aftei August I. 19)78 is acceptable.)

The discussion of this section was included with that of section 183.620(a)(2). Please reter to page,, 67 and 68.

IT'S THE LAW
183.630 STANDARDS FOR NATURAL VENTILATION

(a) For the purpose of 183.620 "natural ventilation" means an airflow in a compartment in a
boat achieved by having

(I) A supply opening or duct from the atmosphere or from a ventilation compartment or
from a compartment that is open to the atmosphere; and

(2) An exhaust opening into another ventilated compartment or an exhaust duct to the
atmosphere.

EFFECTIVE DATE: August I. 1980
(Compliance on or after August I, 1978 is acceptable.)
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NATURAL VENTILATION SYSTEM

A Natural Ventilation System must have two elements:

A supply opening or duct, and

- An exhaust opening or duct.

NOTE: An exhaust duct may serve for both the "Natural Ventilation System "and the "Powered Ventilation
System

SUPPLY

The supply opening or duct may take air in from any of the following three choices: (Also see Figure 13)

1 Atmosphere - This arrangement usually involves an opening on the outside surface of the boat. It may
be fitted with a cowl, louver, clamshell, or other suitable ventilation terminal fitting. Such fittings must
be forward facing.

2. Ventilated Compartment - A supply opening or duct may be installed to take in air from a compartment
that is required to be ventilated (See requirements for determining which compartments need to be
ventilated contained in 183.610(a) and 183.620(a).

3. Compartments Open to the Atmosphere -- A supply opening or duct may be installed to take air in from
a compartment that qualifies as "open to the atmosphere" as described in 183.605.

EXHAUST

The exhaust has two options for its point of discharge: (Also see Figure 13)

I. Atmosphere - If the exhaust discharge point is directly into the atmosphere there must be a duct from
the air and/or vapors intake point to the exhaust discharge point which is usually at the deck or hull side
near the deck.

2. Ventilated Compartment - An exhaust opening may be located in a bulkhead or other structure that
separates "ventilated compartment" from the compartment in which the natural ventilation system is
being considered. The "ventilated compartment" into which the exhaust opening discharges may not be
the same "ventilated compartment" that contains a supply opening or duct for the compartment being
considered.

DO YOU COMPLY
One of the following must be answered "YES".

Is the supply opening or duct from:

- the atmosphere
- a ventilated compartment. or
- a compartment that is "open to the atmosphere"

One of the following must be answered "YES"

Is there an exhaust opening into a ventilated compartment other than that in which the
supply is located?

Is there an.xhaust duct to the atmosphere? (
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FIGURE 13 NATURAL VENTILATION- SUPPLY AND EXHAUST OPTIONS

ATMOSPHERE Ex t (Opening facing aft)
ducted to Lower Third of

Comrpartment

VENTILATED COMPARTMENTS
Ventilated Co artments

Natural Ventilation Exhaust opening for ventilated
compartment is the Supply opening
for compartment needing ventilation

COMPARTMENT THAT IS OPEN TO THE ATMOSPHERE

Exhaust to atmosphere

Compartment open
to the atmosphere

\\ \\ \\\\\\\\ Supply opening

NOTE: Air flow ton required for 11his typ Of configuration becmule EMI openin is not on exteior of te boat.
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IT'S THE LAW
193.630 STANDARDS FOR NATURAL VENTILATION

th) Each exhaust opening or exhaust duct must originate in the lower third of the compartment.

-1:I:I:TIVE I)ATI. August 1, 1980
(Complianice on or .ittei Auigust 1, 19)78 is acceptable.)

The loication oft ani exhauist opening ti ain exhaust duct intake opening is required to he in the lower tirmd of
tite contipailuent ill which it is part td the natural venltilatiton systcmn. The intent ii for the exhaiust opening lIo
he in ; pt sio it)i t retmolve any 11am niable or e xphosive vapors as air tn tin thle supply, ci rc iiiates thItro ugh the
c tinpat lt io aind discharges thiro ugh thre exlhaust.

it tiiie is uncertaity ats ito thc tipper limit of the lower third, perhaps due it) a complex shaped conipartineni
kep ill iund that the lower thle exhaust opening ttr duct ititake is ltocated in at comnpartmaent the mitre ettective
tt is Ntttittal hilge water level must alto he considered as stated in 183.603(c).

ldc~illy thre e oat(peninrg titt ductI intlake shidud he posititoned in the lowest part it the coinpartient where
%;ipitrs ate likelv to :icciinitilate. 1t wotuld then he reasotnable to measure the height of the comnpartmient i t the
piitit itt tlte ehslt topeninig ttr duct intake it) determine the lower third level. (See Figure 14)

lI( ,tRI 14: l.0Wi-R lNI' TI IIRD OFCOMPAR'lMIS

-//

Lower one third of engine Lower one third of compartment Lower one third of
compartment under cockpit ftoor bow compartment

DO YOU COMPLY
Are exhaust openings and duct intake openling% located iii the "lower third of the compartment"?(



IT'S THE LAW
183.630 STANDARDS FOR NATURAL VENTILATION

(c) Each supply opening or supply duct and each exhaust opening or exhaust duct in a comp-
artment must be above the normal accumulation of bilge water.

EFFECTIVE DATE: August I. 1980
(Compliance on or after August I, 1978 is acceptable.)

Consideration must be given to the possibility of normal bilge water accumulations covering the intake open
ing. "Normal accumulations of bilge water" is that which occurs from propeller shaft stuffing box seepage,
spray while operating the boat, and rain. The water remaining in the boat after a bilge pump completed its
normal running cycle would be considered normal. The openings and duct intakes of both supply and exhaust
must be above this "'normal level of accumulated bilge water".

It is important to evaluate each compartment design and to locate the openings and ducts so they will be in the
best positions to cause an effective removal of any accumulated vapors.

K DO YOU COMPLY
Are both supply and exhaust openings and ducts located above the "normal accumulation of bilge
water"?
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IT'S THE LAW
183.630 STANDARDS FOR NATURAL VENTILATION

(d) Except as provided in paragraph (e) of this section, supply openings or supply ducts and
exhaust openings or exhaust ducts must each have a minimum aggregate internal cross -
sectional area calculated as follows

A = 5 In (V/S);

where:

(1) A is the minimum aggregate internal cross-sectional area of the openings or ducts in
square inches;

(2) V is the net compartment volume in cubic feet, including the net volume of other
compartments connected by openings that exceed 2 percent of the area between
compartments: and

(3) In (V/5) is the natural logarithm of the quantity (V/5).

EFFECTIVE DATE: August I. 1980
(Compliance on or after August I. 178 is acceptable)

The minimum total cross-sectional area of all supply openings and ducts in a compartment is determined by the
use of the formula. The formula is also used to eTermine the minimum total cross-sectional area of all exhaust
openings and ducts in a compartment.

THE FORMULA

A 5 In (V/5)

The formula stated in words is:

the cross -sectional area of either the supply openings and ducts or the exhaust openings and ducts
(in square inches) equals five times the natural logarithm of one fifth the net compartment volume in
cubic feet.

To use the formula:

determine the net compartment volume (V) in cubic feet. The net volume of connecting conipat
ments must be included if the openings in the separation structure is more than 27 of the area of the
separation structure between the compartments. The exception stated in 183.020(c) for accommo
dation compartments, above a compartment requiring ven tilation and separated by a deck or other
structure, may be applied.

divide the net compartment volume (V) by 5.

determine the natural logarithm (In) of V/5. Natural Logarithm are tabulated in books of umathema -
tical tables, engineering handbooks, trigonometry textbooks etc. Figure 15 is a Table of Natural
Logarithms.

-. Multiply the natural logarithm by 5.

The result is the minimum required area (A) in square inches.

For convenience Figure 16 is a graph of the formula. Entering the graph with the Net Compartment Volume in
cubic feet you Lan read the area of openings and ducts directly along the vertical scale on the left of the graph.

The graph must be considered approximate. The formula provides the accurate area.
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FIGURE 15 -NATURAL LOGARITHMS
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FIGURE 16 AREA OF OPENINGS
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-DO YOU COMPLY
Is the total area of supply openings and ducts for the compartment and the included connecting
compartments at least Tln (V/5) square inches? ( )

Is the total area of exhaust openings and ducts for the compartment and the included connecting
compartments at least I-n (V/5) square inches? ( )

IT'S THE LAW
183.630 STANDARDS FOR NATURAL VENTILATION

(e) The minimum internal cross-sectional area of each supply opening or duct and exhaust
opening or duct must exceed 3.0 square inches.

EFFECTIVE DATE: August 1, 1980
(Compliance on or after August 1, 1978 is acceptable.)

The shape of the opening is not specified but to give an id'a of what three square inches looks like, Figure 17
depicts a few common geometric shapes each of which is three square inches.

FIGURE 17 THREE SQUARE INCHES

T

2

The regulation requires each opening and each duct. whethei a suppl., or an exhaust. to have more than 3.0
square inches in cross sectional area. Theretore openings and duct mus be laygei than those sown in
Figure 17.
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* I DO YOU COMPLY
Is each opening and each duct. regardless of whether it is a supply or an exhaust, more than 3.0
square inches in cross- sectional area?

183.63 STANDARDS FOR NATURAL VENTILATION TS HEL W -

(M The mininmum internal cross -sectional area of terminal fittings for flexible ventilation duct%
installed to meet the requirements of paragraph (d) of this section must not be less than 90
percenlt of the required internal cross - sectional area of the flexible ventilation duct.

[:FFFCTIV[ l)ATI: Auigust 1, 1980
(Compianttce onl or aler August 1, 1978 is acceptable.)

Somte of tife flesible ventilation ducts that are available lot marine use mnay be fitlted %%,il erinitial tilt itigs
made ito fIk life duict. Somne of' these fittings are designed to fit inside tlie 11eihle duMAt 1:0 these tIttitu1gs t11e
[educed cioss sectionall ares a( the titling is permitted to he not less than 80''7 of the cross sectional area
reqitiied for the flexible duct under consideration. It is importaunt to remember that this reduction incis
sectional aoca is1 onlly permitted inside a terminal fitting. No reduction in cross sectional atea is perittled
afi% place ini life iiatiial ve'ntilatiotn system. Also the cross sectional area of the terminal fitting is nlot eqited
to tic ;it least( So', of (lte duict cross sectional area but is required to he 80' Of (leth ;15rei lf -flif e duct.

Tieduct ttia lie over-si/ed furi the specified area required sitice only certain siea re a ehI~

Figure tIS is a giaphi that is itntended to aid in determnuintg cotmpliatnce. Thie iiititi lei nminal fitItIitg kt oss
sectionial aica tttiist tie at or above thle -'80; of' required area'' lte fin order ito cottiply' withi this setlioi of tile
regulation. The diameterts at thme various areas ate included ott thfe graph ito aid iii evaliatitig let ittitil fittings
by siuI in easi ig lie ir inrside d iatiiete rs.

This discuissioti and graph has assiumted that circular ducts will he Used. It'011 otltet shpsOf fIeNible kilTics ate
used thle samne pr inc iples apply btinthle ir mecasuient ls anrd area al .1ul alitn itiuist lie app topina te fo r tilie shtaple

undr onsdealin-DO YOU COM PLY
Is tile cross sectional area of the terminal fitting for a flexible (duct at least MY'; of the cross sectional
area required for the duct?I
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FIGURE 15 - TERMINAL FITTING AREA
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