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SUMMARY 

This report presents graphs and computer programs for utilizing acoustic 

and aerodynamic performance data of six operating Douglas aircraft. The 

acoustic data are presented as curves of EPNL and A-weighted sound level 

as function of slant range at closest point of approach (CPA) of the aircraft 

for various engine power settings. Combining the acoustic data with the air¬ 

craft height and power setting determined from the aerodynamic perform¬ 

ance data provides the capability for determining flyover noise levels for 

each type of aircraft over a broad range of operating and ambient conditions 

and graphical locations. Noise exposure predictions for aircraft operations 

at a given airport can be made from these data if the operational procedures, 

pre vailing ambient conditions, and number of flights in a given time period 

are known. 
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SECTION I 

INTRODUCTION 

The rapid growth in commercial air traffic in recent years has resulted in 

an increase in human exposure to aircraft noise to the extent of becoming an 

environmental problem in airport communities. The enactment of Part 36 of 

the Federal Aviation Regulations placed noise constraints on new aircraft. 

However, the regulation requires noise measurements for an aircraft at 

three locations which do not adequately describe the noise impact of the air¬ 

craft on the surrounding airport community. To more accurately define the 

noise impact of each aircraft on a community, it is necessary that detailed 

information be available that relates the aircraft noise with engine power set¬ 

ting, distance from the aircraft and operational procedures used. To acquire 

this capability it was necessary for the Federal Aviation Administration to 

obtain these data from the airframe manufacturers on their respective aircraft 

The f AA Aircraft Noise Definition project requires that the Douglas Aircraft 

Company provide graphic and computerized acoustic and performance data 

on six aircraft that are representative of those currently operating. The 

project has three phases: Phase I, Analysis of Existing Data; Phase II, 

Minimum Data Acquisition Program, is designed to improve the existing 

data base as indicated by improved confidence limits; and Phase III, 

Expanded Data Program Plan is a plan to further improve the confidence 

limits. This document reports the results of Phase I, Analysis of Existing 

Data, for the DC-8, DC-9, and DC-10 aircraft. These data were obtained 

during various flight test programs conducted in prior years. 

Section 2 presents data for the following configurations: (1) the DC-8-61 with 

short-fan-duct JT3D-3B engines, (2) the DC-8-63 with long-fan-duct JT3D-7 

engines, (3) the DC-9-30 with JT8D-7 engines, (4) the DC-9-30 with JT8D-9 

engines, (5) the DC-10-10 with CF6-6D engines, and (6) the DC-10-40 with 

JT9D-20 engines. Each configuration is treated in a separate section com¬ 

prising specific aircraft and engine information with the noise and perform¬ 

ance charts. Descriptions of the test programs from which these data were 

obtained are not within the scope of this report but are referenced in the 

text where available. 

1 



Section 3 presents correction curves for adjusting reference-day noise levels 

to temperatures ranging from 30° to 100 °F with the relative humidity held 

constant at 70 percent. An airport altitude correction curve is also provided. 

An analysis of the data accuracy is described, and appropriate confidence 

limits are established in Section 4. 
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SECTION 2 

ACOUSTIC AND PERFORMANCE DATA 

2. 1 GENERAL DESCRIPTION 

2. 1. 1 Acoustic Data 

The noise levels presented in this report are based on the best data available 

to the Douglas Aircraft Company. 

The acouBtic data are presented as curves of reference-day (77°F, 70 percent 

humidity) effective perceived noise level (EPNL) and peak A-weighted sound 

level (maximum A-weight.d sound level during flyover) versus slant range at 

closest point of approach for several power settings ranging from takeoff 

thrust to typical approach thrust, for a 3-degree glide slope. An additional 

power setting for a steep approach (2000 pound.) is included for the DC-9-30 

with JTSD-9 engines based on measured data. The curve, extend from 200 fee 

to level, of 80 EPNdB or 65 dB(A> or to to, 000 feet, using extrapolation where 

necessary. Ground attenuation is not included in the above curves and must be 

added where the sideline distance from the flight path is large compared to the 

aircraft distance above ground level. 

Slant range at closest point of approach (CPA) is used in this report to 

identify the aircraft distance with the aircraft noise during flyover. The term 

denotes the minimum distance of the aircraft to the observer in contrast to 

the distance directly overhead, also called altitude or height about runway. 

The latter term is used in the takeoff performance chart, to denote perpen¬ 

dicular distance above ground level. The term, geometric and pressure 

altitude denote the perpendicular distance above sea level. Figure F-l in 

Appendix F provides a chart for determining the slant range distance to the 

aircraft when it does not pass directly overhead, using height above ground 

level and sideline distance. 

Power settings for the DC-8 and DC-9 aircraft are identified by referred 

thrust (FV6amb); approach power settings are also identified by referred 

fan speed (Nj/^T), to be compatible with the approach performance 

charts. Power settings for the DC-10 acoustic data are in terms of referred 

fan speed only. Linear interpolation may be used for determining noise levels 
at intermediate power settings. 

3 



.. lft| 1 

( «»nif>ut«T programs w,r, used ,„ proce., the flyover noise data in terms of 

(la\. ! ! M.s and peak A-weighted sound levels. The KPM.data 

r'’ !l’ r,‘,"n'nr,‘ airsf,,Mds appropriate for the power setting and 

f"r , aih S, t of CUrvt‘8- Th*- correction applied to each data 

,A'a's 't'‘rmin<‘d usin^th*'r,!ati,,n akpm' ,o l°«io (vtf:st/vrff). 
Reference atrspeed. VRKF, is discussed in a later section. Power netting 

adju«tm«i(, were mad, both EPNU am! A-weighted level, „„rmali2e 

" l’"'" ''' poin"- al approximately the same thrust, to the 

average thrust of the group. The adiusted acoustic „„a were plotted as noise 

- rsus distance group, comprising data of one power setting, and a 

fas,-squares curve was faired through the data points. Cross-plot, were 

,7. a' 5"I,'C'' " s '»vans for plotting a, the desired 
rus, settings, for curve .„toothing and extrapolation. Detail, of this pro. 

endure am described in Appendix A. 

¿.1.2 Performance Data 

¿.l.i. l All engine Fligh.-Path Char,. - Charts are presented tha, depict 

a.rcraft height above runway (,o ÎÜ00 feet) versus distance from braie 

release as a function of taheoff gross weigh,. Corrections are .„eluded for 

headwinds up ,0 knots, temperature, from 50° to 100"f. and air condi- 

g packs on or off. Separate charts are presented for airport altitudes 

:;,7 ; • :oo°feM- ^6000 .. v2, ,0 for 
. ‘r"a ' ■ tharts «<•* presented for each of two flap setting. for 

th - ;nd airCraft' F'ap P0Siti0n iS Sh"W" °n a rnrrection grid for 
the DC.,0 aircraft. Another set of High,-path chart, is presented to! the 

DC.-9 aircraft with a pitch limit of 15 degrees. 

t: , ,hrUSt R<-qUÍred ■“ Cutl’ack - Charts are presented that show the 
thrust required at cutback during takeoff as a function o, gross weigh,, ciimh 

gradient, geometric attitude, and airspeed. AM thrusts are based on per- 

orntance of an average engine. Separate charts are presented for each of 

two flap settings for the DC-8 and nr a 
... and DC"9 aircraft. A correction grid for flan 

posmon ,s incuded on the DC-.O charts. An additional cutbark char, for a 

clean a,rpla„e configuration ¡8 proc.ded f„r the six aircraft model, usi , 

constant indieated airspeed of 2SO knots. The thru., required is shown in 

terms o referred thrust ,FN/,amb) for ,he Dc.8 and Dc.9 aircraft and in 

S Of percent referred fan speed (N,/^, for the DC-10 aircraft. 

. . . . . ,, 



2. 1.2. 3 Approach Glide Slope Charts - Charts are presented that show 

referred fan speed versus glide slope from 2. 5 to 6 degrees for various gross 

weights, airspeeds, and airplane pressure altitudes for certified flap settings. 

Included on each chart is the variation of geometric height with pressure 

height for temperatures from -40 to +40 F. The plot at the upper right of 

each chart shows the equivalent airspeeds as a function of gross weight at 

1.3 VS, 1.3 VS + 10, 1.3 Vs + 20, and 1.3 Vs + 30 knots. Separate charts are 

presented for flaps full down at 50 degrees for each airplane. For the DC-10 

airplanes, an alternate landing flap of 35 degrees is also included. All data 

are for the landing gear extended. A warning horn is activated if the gear is 

retracted when the airplane is in a landing configuration. 

Provision is made in Appendix B for determining the power se'ting required 

for a 0-degree glide slope. Drag polars are given for each model which 

relate lift to drag along with other data which, used with the calculation 

procedure provided, permit calculation of the thrust required. A term for 

gear drag is also included for determining the thrust required with gear up 
or down. 

2. 1. 3 Reference Airspeeds 

The reference airspeeds used for each aircraft are representative of those 

that would he used for Part 36 noise certification which associates them with 

maximum takeoff or landing gross weights and a specific flap setting. Based 

on reference-day conditions, the DC-8 and DC-10 reference takeoff airspeeds 

are about 0.27 M and for the DC-9 about 0.25 M. The takeoff Mach number 

for the heavier DC-10-40 ,s 0.3. Reference approach airspeeds are 0.22 

to 0. 24 M for the DC-8 and DC-10 aircraft and 0.2 M for the DC-9 aircraft. 

Table 1 shows the reference airspeeds used and the difference between the 

takeoff and approach airspeeds in terms of AEPNI.. 

For most operations the takeoff or approach gross weight of the aircraft will 

be less than the maximum certified weight and the resulting airspe-d will be 

less than shown in Table 1. The airspeed correction is: AEPN1. = -10 logjo 

iVANY/VREF)* whPre VANy is the operational airspeed. This correction is 

applied to the value of the EPNL obtained from the EPNI. map. Should the 

thrust level fall in the transition range between takeoff and approach thrusts, 

appropriate adjustment to the noise curve is required before the interpolation 

5 



TABLE 1 

REFERENCE AIRSPEEDS 

Ai rc raft 

DC-8-61 

1)(-8-63 

1)( .1.3()/J i SD- 7 

DC 50/J 181)-0 

DC-10-10 

1)(-10-40 

1 s p*‘rfor1 h«‘ transition range for the DC-8 and DC-9 aircraft is between 

Mido and 3000 pounds and for the DC-10 aircraft, between 2600 and 3000 rpm. 

It, for example, the DC-8-61 were in a climb at 7500 pounds thrust, the value 

of the ' 000-pound thrust curve would be decreased by 0.6 EPNdB before 

interpolation is performed. If the airplane were in an approach, the 

0.» EP \d¡5 would be added to the 8000-pound curve before interpolation 

is performed. 

! be power setting will usually fall within the takeoff or approach airspeed 

runge, and 'he airspeed correction applied to the curve value of EPNL is 

tabulated as indicated above if the true airspeed is known, otherwise it is 

obtained from l igure F-2 in Appendix F. This chart provides a correction, 

m EPNdB, that is based on inputs of aircraft speed, pressure altitude, and 

reference air speed. I he airc raft speed must be indicated or equivalent 

air speed MAS or EAS). The difference between these airspeeds is the sum 

of m the position error (due to location of the sensing device on the aircraft), 

'2! the instrument error, and (3) the compressibility factor. At low Mach 

numbers and altitudes the total difference between indicated and equivalent 

airspeed is rarely more than 5 knots which translates to about 0. 1 EPNdB. 

The airspeed for takeoff may be found in the appropriate FAA manual for 

. aeh aircraft. The approach airspeeds are noted on the approach-glide slope 
c hart s. 

Ai rspeed 

T akeoff 
KT AS 

180 

190 

170 

165 

180 

¿00 

Approach 
KT AS 

155 

155 

140 

140 

150 

160 

y 

A EPNL , (10 LogjOTT1^) 
(EPNdB) APP 

0.6 

0.9 

0.8 

0.7 

0.8 

1.0 
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2. 1.4 Engine Parameters 

for vario M8 T ^ P»-« ratio (EPR) us ach numbers follow the a„odynam.c forma 

,S n0t Sh0W" f°r ‘h' was established a. the 
parameter best relating to thrust and to the noise output). These are gener¬ 

ated curves applicable for altitudes within the flight envelope of each 

atrcraft. The charts showing Nj //^ are provided with a notation to 

‘n U ate ‘8h‘ ‘dle> lhe lower thrU8t »-«it. To assist in the use of these 

curves, curves of amb (Figure F-3) versus geometric altitude and total 
air temperature versus J Q-r ÍFisurf. P s\ -j , . 

V T2 1 lSure ^ -4) are provided in Appendix F. 

2.2 COMPUTER PROGRAMS 

2.2.1 Acoustics 

A computer program D3AA. was developed to provide EPNL and A-weighted 

óri eVe- °r an lnPUt °f 8lant range and thrUSt se,,i"*- Wh<!re «1>« observer 
or measuring point is located on a sideline position relative to the flight path 

and he aircraft heigh, above ground leve, is Known, the slant range must 

b° 'le"'rm‘ne" fr0m F-1 <o Appendix P. A description of the 
program is found in Appendix C. 

2.2.2 Performance 

Computer programs F3SA and A8RA, which were developed by Douglas to 

provi e per ormance data. F2SA. described in Appendix D, provide the 

77 °r d glne take0ff and the retîuired thrust, where cutback is used f°r us 0perating and ambient conditions> m a 

a titude and thrus, data for various landing-approach gu,deslopes and is 
described in Appendix E. p u is 

7 



2.3 DC-8-55/61 

2. 3. 1 Aircraft Description 

The DC-8-61, shown in Figure 1, is one cf the stretched versions of the 

DC-8 fan-jets powered by four Pratt and Whitney Aircraft JT3D-3B engines 

in the short fan-duct configuration. Figure 2 presents a dimensioned three- 

view drawing of the aircraft. The maximum gross weights are 325,000 pounds 

for takeoff and 240,000 pounds for landing. The seating capacity (high density) 

is 252. 

The JT3D-3B engine is rated at 18,000 pounds, flat rated 84°F and has a 

bypass ratio of 1.3. 

2.3.2 Acoustic Data 

The EPNL and peak A-weighted sound levels are presented in Figures 3 a:, 

respectively for seven power settings. Power settings are defined in terms of 

referred net thrust and also in terms of referred fan speed for the approach 

thrusts of 4000, 5000, and 6000 pounds. Takeoff EPR is approximately 1.86, 

decreasing slightly as forward speed increases. The takeoff thrust varies 

slightly with altitude and airspeed, but 15,000 pounds is representative of 

takeoff power. 

The data base for deriving these curves was the production-nacelle test data 

taken during the NASA-funded program for reduction of DC-8 flyover noise. 

The test program utilized a DC-8-55 with JT3D-8B engines. The results of 

the tests are given in Reference 1. 

2. 3. 3 Performance Data 

Figures 5 through 10 present the all-engine takeoff flight paths for 15 and 

25-deg flaps for airport pressure altitudes of sea level, 3000 and 6000 feet. 

Figures 11 and 12 are charts for determining FN/*amb at cutback for 15 and 

25-deg flaps, respectively, for a range of gross weights, climb gradients, 

altitudes, and airspeeds for the aircraft in a takeoff configuration. Figure 13 

is a cutback chart for the airplane in a clean configuration (0-deg flaps) at an 

indicated airspeed of 250 knots. The DC-8-55 has the same drag character¬ 

istics during takeoff as the DC-8-61 so that these charts are also applicable 

to the -55. 

6 
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If the aire raft operates at maximum thrust during the takeoff, the applicable 

char, of Figures 5 to 10 is used. If a thrus, reduction is used, the appropriate 

selection of Figures 11, 12, or 13 is made to use in combination with the full 
thrust portion of the flight path. 

1 igures 14 and 15 present curves of referred fan speed versus glideslope 

angle ior 2. 5 to 6 degrees for the DC-8-61 and -55, respectively for a range 

o gross weights, airspeeds from 1.3 Vg to 1.3 V + 30 knots, and airplane 

pressure altitudes from sea level to 6000 feet. Curves relating geometric 

eight above airport to pressure height above airport are presented for 

deviations from standard-day temperature of +40°F to -40°F. A plot is also 

shown that relates airspeed to aircraft gross weight for 1.3 V to 1.3 V + 
30 knots. A provision for determining the thrust required for'l 0-degree 
glideslope is given in Appendix B. 

o illustrate the use of the takeoff charts, Figure 8 is provided with a trace- 

around. The conditions given are: sea level airport, 25-deg flaps, 200, 000- 

pound takeoff gross weight, AC packs off, an ambient temperature of 60°F, 

a 20-knot headwind, and a distance of 11, 100 feet from brake release. 

starting in the lower left corner on the bottom line (also the line for 30-kno, 

headwind), proceed vertically to the line for a 20-knot headwind; from this 

pom, proceed along a line parallel to the headwind guidelines to the reference 

me, then vertically to the gross weight line for 200, 000 pounds. Proceeding 

horizontally through the temperature and A/C PACKS ON-OFF adjustment 

curves the height above the runway is determined to be 1960 feet. Entering 

Figure 3 at the slam range of I960 feet on the full takeoff thrus, line, the 

EPNI. is 108.9 EPNdB. Assuming an airspeed of 175 KIAS, from Figure F-2 

the airspeed correction is 0. 1 EPNdB resulting in an EPNL of 109. 0 EPNdB. 

From Figure 4 the peak A-weight sound level is 96. 1 dB(A). 

Figure 12 illustrates a cutback case using a trace-around for the following 

conditions: sea level airport, 25-deg flaps, 220, 000-pound takeoff gross 

weight, a 6-percent climb gradient, and an airspeed oí V, 4 20 knots. The 

c art shows that an altitude (slant range) of 1500 feet was reached at the 

point of observation, the first segment of which was achieved at full thrust 

19 



F
IG

U
R

E
 

11
. 



... ■ 

FI
G

U
R

E
 1

2.
 



F
IG

U
R

E
 

13
. 



>t ! if th»' Ilidiu ),(11) shown in 

• it ■ ent i limb crachent, 

thn tWi i harts anti designad t 

lion (iiant. 

1 iL'uif H, and thi* second sejjnujnt of which was 

I he tota 1 flight path must be constructed usiny 

° r'‘iuh a desired aircraft height at the observa- 

A typical example usine the trace-around miyht utilize a thrust reduction at 

« M ii'iit ..1 1000 feet. From Figure 8 the distance from brake release for a 

: 1 1 ' '' 1,1 woulci l)'' ,l)* 500 {or a gross weight of 2¿0, 000 pounds, 

a '7 ’ fiay and A( lJ*'cks on, assuming no headwind. To achieve the additional 

l''-'’ in Height to reach 1500 feet, a horizontal distance of 8333 feet is 

traveled using a o-percent climb gradient resulting in a total distance from 

brake release ,,f 18, 830 feet as the point of observation. Completing the 

trace-a round, at an altitude of 1500 feet and an airspeed of V 4 20 knots, 

5\ “‘amb is 8,400 l,ounds- Filtering Figure 3 at this slant range and thrust, 

the KF AT. is 107.0 FPXdli. From Figure 4 the peak A-weighted sound level 

-.w dl.(A). Cutback thrust may be determined from Figure 13 for the 

clean aircraft configuration in a similar manner. 

Figure 14 shows a irace-around for determination of power setting required 

during approach at a 5.25-degree glideslope using an airspeed of 1.3 V 4 

20 knots and at ajiressure altitude of 2500 feet. Following the trace-a^ound 

results in a Nj \ 0¿ of 3800 rpm. Assume for this example that the airport 

pressure altitude is 1500 feet and that the deviation from the standard-day 

reference temperature is ,20°F. Using the upper left-hand plot, for an air¬ 

craft pressure height above the runway of 1000 feet, the geometric altitude 

is approximately 1040 feet. From Figure 3 at 1040 feet and 3800 rpm, the 

KPNL iS aPProximately 103. 3 EPNdB and from Figure 4 the peak A-weighted 
sound level is 90.0 d 13(A). 

Charts relating engine parameters are provided in Figures 16 and 17 that 

show F^/6 and Nj / \/~0^ for a range of engine pressure ratios and Mach 

numbers with all four turbocompressors operating. The turbocompressors, 

which provide for cabin pressurization and air conditioning, normally 

operate during all phases of the flight envelope. 

23 
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¿.4 DC-8-63 

¿.4.1 Aircraft Description 

l he DC-8-63, shown in Figure 18, is a long-range stretched version of the 

DC-8 fan-jets powered by four Pratt and Whitney Aircraft JT3D-7 engines 

in the long fan-duct configuration. Figure 19 is a dimensioned three-view 

drawing of the aircraft. The maximum gross weights are 355,000 pounds 

for takeoff and ¿58,000 pounds for landing. The seating capacity (high 

density) is 2 5¿. 

I he engine rating is 19,000 pounds flat rated to 34°F and the bypass ratio is 

approximately 1.4. 

2.4.2 Acoustic Data 

Figures ¿0 and 21 present the EPNL and A-weighted sound level versus 

distance curves. The curves developed from data acquired during a Douglas- 

funded test of a DC-8-63F with JT3D-7 engines. The data were originally 

recorded on analog magnetic tape and were reprocessed using simulated flight 

paths to transfer the data to the digitized form. This reprocessing is 

described in Appendix G. The power settings range from 4000 pounds to 

the takeoff thrust of 15,800 pounds. 

The noise levels of the DC-8-63, in general, are somewhat lower than the 

DC-8-61 for reasons that are not fully understood. The change is due, in 

part, to the altered directivity pattern of the noise caused by the differences 

in the engine inlets and the use of the long versus short fan-duct nacelles. 

2.4.3 Performance Data 

Takeoff flight paths are presented in Figures 22 through 24 for 12-deg flaps 

and in Figures 25 through 27 for 23-deg flaps for various runway altitudes. 

These data combined with the cutback data in Figures 28, 29, and 30 provide 

aircraft height and thrust level for determining the noise levels from 

Figures 20 or 21. Figure 31 shows the power required during approach in 

terms of referred fan speed. 

Curves relating the engine parameters are presented in Figures 32 and 33. 

29 



The Nl/^Z correction for change in altitude is applied for aircraft oper¬ 

ation at pressure altitudes above sea level. The increase in fan speed with 

altitude is required to overcome engine losses that increase with altitude 

It is seen that for the altitude range used in this report, the correction is 
small and may be neglected. 
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¿.5 DC-9-30 WITH JT8D-7 ENGINES 

5. 1 Aircraft Description 

I he DC-9-30, shown in Figure 34, is a short- to medium-range fan-jet 

powered by two aft-fuselage mounted JT8D engines manufactured by Pratt 

and Whitney Aircraft. The aircraft, which has a maximum takeoff gross 

weight of 108,000 pounds and a maximum landing weight of 99,000 pounds, 

is shown in a dimensioned three-view drawing in Figure 35. The seating 

capacity (high density) is 135. 

The JT8D-7 engine is rated at 14,000 pounds, flat rated to 84°F, and the 

b\ pass ratio is 1.1. 1 akeoff power is set at approximately an EPR of 1.95, 

decreasing somewhat as the aircraft achieves forward speed. 

¿.5.2 Acoustic Data 

I igures 36 and 37 present the EPNL and A-weighted noise plots for six power 

settings from 4000 pounds to the takeoff thrust of 12,000 pounds. The curves 

are based on data obtained during Douglas-funded flyover noise tests for a 

DC-3-10 and a DC-9-30, each powered by JT8D-1 engines. The original 

analog magnetic tapes were reprocessed as described in Appendix G to 

obtain digitized data. Since the JT8D-1 is flat rated only to 59°F, the data 

for that engine were adjusted to account for the variation in the takeoff thrust 

level from the JT8D-7 due to the difference in flat-rated temperatures. 

2. 5. 3 Performance Data 

Figures 38 through 43 present the takeoff flight paths for 5 and 15-deg flap 

settings, and Figures 44 through 49 present the takeoff flight paths for a 

15-deg pitch limit. The takeoff flight paths for a 0-deg flap setting are 

omitted since some versions of the Series 30 aircraft are not certified for 

it. These data combined with the data in curves of Figures 50. 51, and 52, 

the cutback charts, and in Figures 36 arwi Î7 ■u m figures 3b and 37, the noise curves, will provide 
the aircraft noise levels. 

Figure 53 presents the approach referred fan speeds and Figures 54 and 55 

present curves relating thrust, fan speed, and EPR for various Mach 

numbers. 
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2.6 DC-9-30 WITH JT8D-9 ENGINES 

2. 6. 1 Aircraft Description 

I he aircraft description is contained in Section 2. 5. 1. The JT8D-9 engine is 

Hat rated to 84*F, is rated at 14,500 pounds, and the bypass ratio is 1.03. 

I he takeoff EPR setting is 2.0, decreasing as the aircraft attains forward 
speed. 

2.6.2 Acoustic Data 

Figures 56 and 57 present the EPNL and A-weighted sound level curves for 

the JT8D-9 engines. Plots are shown for seven power settings in terms of 

referred thrust ranging from 2000 pounds, the thrust for a steep glide slope 

approach, to the takeoff thrust of 12,500 pounds. The curves are based on 

Douglas-funded flyover noise tests utilizing a DC-9-15 aircraft with JT8D-9 

engines and using up-to-date data acquisition, data processing, and space 

positioning techniques, which were essentially the same as those used for 

the DC-10-40 noise certification test described in Reference 2. 

2. 6. 3 Performance Data 

Figures 58 through 69 present the takeoff flight-path data for 5 and 15-deg 

flaps with and without a 15-deg pitch limit for the various runway altitudes. 

The data from these curves combined with the data from the curves of Figures 

70, 71, and 72, the cutback charts, and data from Figures 56 and 57, the 

noise-level curves, will provide the aircraft noise levels. The cutback charts 

are identical for the JT8D-7 and -9 engines but are included for both writeups 
for the sake of convenience. 

Figure 73 provide, the referred fan .peed for approach and Figure. 74 and 75 

present curve, relating thrust, fan .peed, and EPR for variou. Mach number. 
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2.7 DC-10-10 

2.7. 1 Aircraft Description 

The DC-10-10, shown in Figure 76, is the domestic version of the series of 

the Douglas wide-bodied fan-jets, and is powered by three high-bypass-ratio 

CF6-6D engines manufactured by the General Electric Company. The 

maximum takeoff gross weight is 440,000 pounds and the maximum landing 

gross weight is 363,500 pounds. Figure 77 shows a dimensioned three-view 

drawing of the aircraft. The seating capacity (high density) is 380. 

The CF6-6D has a maximum thrust rating of 40,000 pounds, flat rated to 

88°F. The bypass ratio is 5.86. The referred fan speed of 3420 rpm, noted 

on the noise curves, is representative of the takeoff power setting. 

2.7.2 Acoustic Data 

Figures 78 and 79 present plots of EPNL and A-weighted sound level for five 

power settings in terms of referred fan speed ranging from takeoff to approach 

power. The curves are based on data acquired during the FAA noise certifi¬ 

cation test described in Reference 3 and during a Douglas-funded flyover 

noise survey conducted at Brown Field, California. 

Figures 80 through 82 present the takeoff flight-path data for a continuous 

range of flap settings from 0 to 20 degrees for the various runway altitudes. 

These data combined with the data from the plots in Figures 83 and 84, the 

cutback charts, and in Figures 78 and 79, the noise curves, will provide the 

aircraft noise levels. Approach data are found in Figures 85 and 86 for 50- 

and 35-degree flaps, respectively. Figure 87 presents curves relating thrust 

and fan speed. 
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2.8 DC-lU-40 

2. 8. 1 Aircraft Description 

I he DC-10-40, shown in Figure 88, is a long-range version of the series of 

Douglas wide-bodied fan-jets powered by three high-bypass-ratio JT9D-20 

engines manufactured by Pratt and Whitney Aircraft. The engines have the 

capability of being operated with water injection to increase the takeoff 

thrust. I he maximum gross weights certified for se are 530,000 pounds 

for takeoff and 380,000 pounds for landing. \ dimensioned three-view drawing 

is shown in Figure 89. The seating capacity (high density) is 380. 

I he maximum engine thrust ratings are 49,400 pounds for wet operation, 

tlat rated to 86 eF, and 46,300 pounds for u-y operation, flat rated to 84* F. 

The bypass ratios are 5.1.5 and 5.21, respectively. 

2.8.2 Acoustic Data 

! he EPNL and A-weighted sound level plots are presented in Figures 90 

and Q1 in terms of referred fan speed are based on data obtained during the 

FAA noise certification test described in Reference 2. The referred fan 

speed for wet takeoff is 3410 rpm and the referred fan speed for dry takeoff, 

which is not shown, is approximately 3350 rpm. 

2.8.3 Performance Data 

Figures 92 through 94 present the takeoff flight path data for a continuous 

range of flap settings from 5 to 25 degrees for the various runway altitudes. 

Data from these curves combined with the data from the curves of Fipnres 95 

and 96, the cutback charts, and the data in Figures 90 and 91, the noise 

curves, will provide the aircraft noise levels. Approach data are presented 

■ n figures n and 98 for 50- and 35-degree flaps, respectively. Figures 99 

and 100 present curves relating thrust, fan speed, and FPR for various 

Mat h number s. 
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237 IN 
I 70 FT 6 IN 
182 FT 3 IN 

165 FT 4 IN 
OVERALL SPAN 
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SECTION 3 

CORRECTION CURVES 

This section contains curves for adjusting the values of EPNL and A-weighted 

sound level obtained from the noise level versus distance maps for a varia¬ 

tion in ambient temperature Com the reference-day temperature of 77°F for 

several slant ranges, corrections for variation of runway pressure altitude 

from sea level to 6000 feet, and discussion on the changes in atmospheric 

absorption with ambient pressure as applied to noise levels measured at 

various pressure altitudes. 

3. 1 TEMPERATURE CORRECTION CURVES 

Figures 101-103 show corrections to be applied to the reference-day EPNLs 

or A-weighted sound levels for the DC-6, DC-9, and DC-10, for temperatures 

from 30° to 100°F with the relative humidity held constant at 70 percent and 

slant ranges up to 10, 000 feet. The curves at 450, 1000, and 2500 feet were 

derived empirically from measured data adjusted for the temperature change 

for three thrusts representative of full thrust, approximately 70-percent 

thrust and a typical approach thrust, by the computer program M9QA, which 

utilizes atmospheric absorption from Reference 4. The curves for 5000 and 

10, 000 feet were derived by extrapolating measured data by means of a com¬ 

puter program combining the capabilities of E2QA and M9QA using inverse- 

square and absorption data from Reference 4. 

The computer programs were used to adjust lhe 1/3-octave-band SPLs at the 

time of maximum tone-corrected perceived noise level (PNLTM) to the vari¬ 

ous conditions and a new PNLTM was determined from the adjusted spectrum. 

The difference between the reference-day and adjusted PNLTMs is the AEPNL. 

It was assumed that the duration correction remained constant for a given 

slant range. The changes in A-weighted sound levels were determined ;n a 

similar manner. 

Linear interpolation may be used for slant ranges between those shown. The 

curves include effects such as change in noise source with altitude and change 

in atmospheric attentuation with temperature. 
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Figures 104-106 present similar curves for adjustment of the A-weighted 

sound levels for temperature and slant range. 

3. ¿ CORRECTION FOR AIRPORT PRESSURE ALTITUDE 

Figure 107 presents correction curves from sea level to 6000 feet pressure 

altitude for a range of ambient temperatures from 30° to 100°F; 77°F is the 

reference temperature. 

The curves are based on the premise that for a free, progressive sound wave, 

the mean-square sound pressure equals the product of the sound intensity and 

pc, the characteristic resistance of the medium or 

P2 = I pc. 
rms 

From this it follows that 

P 
rms SPL = 20 log10 
ref 

Assuming the sound intensity remains constant, the change in SPL will 

depend only on the variation of pc with altitude and temperature from the 

reference pc for sea level, 77°F day, which is 410 mks rayls. A change of 

surface temperature and altitude would result in a change in pc and corre¬ 

sponding change in SPL that applies to each frequency band and would 

therefore be approximately equal to the change in PNL (hence EPNL) or 

A-weighted sound level. The curves were derived from data based on 

Reference 5. 

3. 3 ATMOSPHERIC A13SORPTION VARIATION WITH AMBIENT 
PRESSURE 

Based on work performed by Harris, described in Reference 6, and an analy¬ 

sis performed by Shapiro in Reference 7, there is evidence that flyover noise 

measurements taken at altitudes above sea level, and therefore at reduced 

ambient pressures relative to sea level, result in higher noise levels for the 

relative humidities of usual interest than would be measured at sea level for 

the same temperature and relative humidity. Measurements by Harris at 

reduced pressures down to 0. 4 atmospheres indicated that the peak absorption 
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i*-'..«.. 

doos not chango in level but does shift to lower humidities at all frequencies. 

A plot of atmospheric absorption coefficient versus relative humidity showing 

the curves tor sea level. 0.4 atmospheres and interpolated curves for 0.9 and 

0. 8 atmospheres, the values of ,Sarnb for 3000 and 6000 feet pressure alti¬ 

tudes, respectively, indicate that the absorption coefficients would he 

approximately one-half and seven-tenths dB lower than for sea level. Since 

this change applies at all frequencies, the resulting increase of one-half to 

seven tenths dB in sound pressure level would result in approximately the 

same increase in PNL (hence KPNU or A-weighted sound level. 



SECTION 4 

DATA ACCURACY 

4. 1 GENERAL 

¡he statistical accuracy of the data used in this report was defined for the 

basic reference day EPNLs from which the final curves were derived in 

term* of '<0 percent confidence limits. Table L presents the confidence 

limits for each power setting of each aircraft and the altitude range of the 

data points. Where teasible, data points were grouped by altitude for 

analysis. lor DC-tí's and -4 s the power settings are identified by referred 

thrust and in terms of referred fan speed for the DC-10's. 

4. L PROCEDURE 

The procedure for determining the confidence limits is illustrated for the 

takeoff power setting of the DC-9 with JT8D-9 engines in Figure 108. The 

reference day EPNLs, normalized to V'ref and average thrust, were plotted 

with a best fit, least-square curve faired through the points. 

The confidence limits were determined for the data group shown by adjusting 

each point to the slant range of 3000 feet, applying the EPNL change to each 

data point as determined in the example in Figure 108. The confidence 

limits for this data group were determined to be tO. 72 using the formula 

on page 244 of Reference 8 for small sample confidence limits. Where two 

data points could not be included in a data group, no confidence limit could 

be established, since at least three data points are required to determine 

confidence limits by this method. 

4.3 RESULTS 

Based on this procedure for determining statistical accuracy, 84 percent of 

the data groups are within 90-percent confidence limits of ±1. 5 EPNdB, and 

b8 percent, within tl.O EPNdB. The areas of poorest statistical accuracy, 

i. e. , in excess of ± 1. 5 EPNdB, are observed to be for the DC-8-63 at the 

reduced thrusts of 1 1, 300 and 9170 pounds and the approach thrust of 5053 

pounds; for the DC-8-61, at 8706 pounds - high altitude, and 5308 pounds at 

the altitude range of 770-1260 feet. 
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TABLE 2 

CONFIDENCE LIMITS 

A\ L Pwr Setting 

1 5, 000 1b 

10. 723 lb 

8706 lb 

5307 lb 

4800 lb 

4293 lb 

15. 800 lb 

ï 1, 300 lb 

9170 lb 

7 300 lb 

5053 lb 

4530 lb 

Indeterminate 

Approx Alt Range. Feet 90% 

DC-8-61/JT3D-3B 

485-560 
895-1250 

1880-4225 

340-1555 
1925-3750 

295-935 
1300-1910 
2090-4170 

145-480 
770-1260 

2500-2690 

470-2855 

230-490 
760-1235 

DC-8-63/JT3D-7 

440-790 
1450-2570 
3450-5150 

475-620 
1220-1840 
2570-3550 

450-580 
910-1080 

1 320- 1880 

370-530 
790-1470 

200-215 
370-535 
690-745 

1295-1380 

195-210 
400-575 
645-1285 

Conf Limits 

±0. 71 
±0. 98 
±0. 66 

±0. 74 
±1.0 

±0. 89 
±0. 65 
±1. 57 

±0. 96 
±1. 61 

±0. 62 

±0. 31 
±1.02 

±1. 92 
±1. 12 
±0. 55 

±1.9 
±1. 89 
±3. 82 

±1. 89 
±0. 56 
±0. 79 

±0. 7 
±0. 71 

±0. 54 
±1.97 
±1. 66 

±1. 19 
±0. 57 
±1. 18 



AVE Pwr Setting 

TABLE 2 

CONFIDENCE LIMITS (Cont) 

90% Conf Limits Approx Alt Range, Feot 

DC-8-63 (Cont) 

3726 lb 185-220 ±0.88 
355-535 ±0,79 

DC-9-30/JT8D-1 

1 I. «¿0 lb 585-1750 ±0. 71 

9960 1b 990-2000 ±1.04 

4865 lb 145-425 ±1.02 
650-1630 ±L 05 

DC -9-30/J T8D -9 

12, 500 lb 570-980 ±0.54 
1600-4440 ±0.72 

91501b 365-3870 ±0.74 

69001b 725-1965 ±0.58 

5800 lb 370-615 ±0.71 

4000 lb 725-1065 ±1. 43 

1800 lb 425-450 ±0 89 
885-1295 ±1.37 

DC-10-10/CF6-6D 

3 390 rpm 410-770 
970-1410 

1930-2460 

±1. 21 
±0. 47 
±0. 46 

3 124 rpm 290-600 
710-1830 

±0. 3 
±0. 41 

2860 rpm 380-760 
1010-2210 

±0. 58 
±0. 43 

2686 rpm 420-460 
760-1200 

±0. 76 
±0. 46 
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TABLE 2 

CONFIDENCE LIMITS (Cont) 

AVE Pwr .Setting Approx Alt Range, Feet 90% Conf Limits 

DC-10-10 (Cont) 

2377 rpm 4S0-470 
740-1150 

±0. 57 
±0. 53 

DC-10-40 

3373 rprn 800-1200 ±0. 5 

2500 rpm 400-410 ±0. 5 

In general, the statistical accuracy of the data is better for the aircraft 

models for which updated methods of data acquisition, space positioning, and 

data processing were used. This w'as done for the DC-10 aircraft and the 

DC-9 with JT8D-9 engines. For other models, older techniques were used 

such as using a camera to determine the aircraft altitude as it passed over¬ 

head, less reliable means of recording engine parameters which were not 

time correlation with aircraft noise and space position. Based on the results 

of data processed from recent tests, the variation in noise level between the 

minimum distance to aircraft (slant range at CPA) and overhead distance is 

from 0. 0 to 0. 2 EPNdB. 
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APPENDIX A 

PROCEDURE FOR NOISE CURVE DEVELOPMENT 

Determination of a mean curve ‘.it to a set of experimental noise level data 

has loop been a problem in establishing the relationship between noise level 

and distance from a source. Numerous techniques, such as least-square 

curve fit to a polynominal of a desired degree or simple usage of French 

curves, have been used. 

The dependence of noise level on distance from the source, in this report, 's 

based on a least-square curve fit using an expression accounting for the noise 

level decrease with distance according to a logarithmic decay term and a 

term for atmospheric losses having a linear coefficient. Thus it can be 

expressed as 

L - a log (X/X ) - b [(X - X )/1000] = 1, 
o * o 1 o 

where 

L noise level at reference distance, EPNdB or dB 
o 

a = coefficient of logarithmic decay term for given noise level quantity 

X = distance between source and receiver, ft 

X _ reference distance of 250 ft 
o 

b = coefficient of linear decay term for given noise level quantity, 

EPNdB/ 1000 ft or dB/1000 ft 

L = noise level at distance X, EPNdB or dB 

(A variable coefficient was included for the logarithmic term because there 

v/as not a priori reason for the EPNL or the A-weighted level to decay 

exactly as the inverse-square law. The value of the coefficient should be 

approximately 20. ) 

Preceding page blank 
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It is necessary to find L^, a, and b such that a curve through the data points 

minimizes the error. There are, in general, N data points and the form of 

the equation, for a general data point at becomes 

L - a log (X. /X ) - b [X - X )/1000] = L 
o 1 O 1 1 O ' 1 

To simplify, 

let log (X. /X ) = W 
i o o 

and (X. - X )/1000 = Z. 
i o i 

giving 

L - a W. - b Z. = L o i i i 

For the six airplanes included in this study, the coefficients, (L , a, and b) 

were determined by the use of a regression method and the noise level as a 

function of distance for each power setting was generated. Due to insufficient 

data points, some of the noise curves were in conflict in relation to the other 

power setting noise data. When this happened curves were readjusted using 

(noise versus power setting at a desired altitude) cross plots. 
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APPENDIX B 

METHOD FOR OBTAINING Nj/ / 0^ (RPM) FOR LEVEL FLIGHT 

To obtain Nj lyflS for level flight (0-deg Glide Slope) for any given speed, 

gross weight and altitude the following procedures may be used: 

W 
Obtain using the formula Cj^ = —g—, where Syy = wing area and 

q = 0. 0033855 V2. w 

(V, KEAS, can be obtained from existing referred fan speeds versus 

glide slope curves. ) 

'D. 
TOTAL 

in Table B - 1. 

= Cn + C.Cj + Cn . These drag coefficients are listed 
O G 

3. Using the formula Drag = Cn q S , obtain drag. 
TOTAL w 

4. For level flight, thrust = drag. 

5. Divide thrust by the No. of engines to obtain F^. 

6. With ^ Am(;) 'pressure ratio) being a function of altitude, using Fj^/^Amb 

and the Mach No. , enter the appropriate thrust chart and obtain the 

EPR. 

7. Using the EPR obtained in step 6 and same Mach No. , enter rotor speed 

V/ chart to obtain final answer of N, 0 (rpm). 
1 2 

NOTE: For G. E. 

chart with 

engines, EPR is not used. Enter installed net thrust 

FN/ ^Amb and Mach No- and read / eT (rpm) directly. 
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TABLE B-1 

LOW-SPEED DRAG 

AIRPLANE 6FLAPS 

DC-8-61 50 

DC-8-63 50 

DC -9-30 50 

DC-10-10 50 

35 

DC-10-40 50 

35 

0.07630 0.05785 

0.06763 0.0552777 

0.15200 0.03594 

0.13463 0.04980 

0.06830 0.05900 

0.12603 0.04791 

0.07528 0.04750 

0.00601 2883.6 

0.00591 2926.8 

0.01049 1000.7 

0.0076 3550 

0.0118 3550 

0.0125 3647 

0.0166 3647 



APPENDIX C 

COMPUTER PROGRAM, D3AA, FOR DETERMINING FLYOVER NOISE LEVELS 

This program was developed in compliance with FAA Contract No. 

DOT-FA73WA-3161. 

The purpose of this program is to calculate EPNL and A-weighted sound level 

values for a specific aircraft at a desired power setting and altrtude. 

The FAA noise definition digital computer program is written in Fortran IV 

language for use on a IBM 360/ 370 computer system. 

The program has a built-in data bank to define EPNL and A-weighted sound 

level curves for six aircraft, namely DC-8-61, DC-8-63, DC-9-30 with JT8D-7 

engines, DC-9-30 with JT8D-9 engines, DC-10-10, and DC-10-40. 

No library routines are required for program operation because of a built- 

in linear interpolation routine. 

The inputs required to calculate EPNL and A-weighted sound levels are: 

model (see program listing for code numbers), power setting, Fjsj/6 for DC-8 

and DC-9, or Nj /\'6-p, for DC-10; and altitude in feet. Any number of cases 

can be input and calculated \ ithout a sentinel in the data cards to terminate 

program execution. 

The program will check each data input to verify that the desired power 

setting and altitude are within the range of the defined curves for the 

applicable model. If either of the values are outside of the range, a message 

to that effect will be printed along with the model, engine, and input power 

setting and altitude. 

Output is on a 11 x 17 page but can be modified to any format desired. A 

sample of the output format is shown on Figure C-l of this appendix. Note 

that EPNL values are representative of fixed aircraft velocities. Determina¬ 

tion of the EPNL for other velocities can be made by the formula 

10 log V/VRKp. 

A flow chart, input format loading sheet and program listing are attached 

to this appendix. 
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APPENDIX D 

PROGRAM F2SA 

Computer propram I 2SA calculates all engine takeoff and flight paths for a 

wide variety of takeoff and cleanup procedures to investigate noise level and 

obstacle clearance problems. This program is quite frequently used to opti¬ 

mize special flight paths for minimum fuel burned or minimum noise tech¬ 

niques. Computing accuracy is well within the accuracy of pilot technique. 

Program F2SA will produce about bO lines of output on two pages for each 

flight path. This printout includes the accumulated time, distance at 5 winds, 

and aircraft weight as a function of pressure and geometric altitude. The 

program prints out thrust per engine, (F^), EPR, an(^ 

for accurate noise correlation along the flight path. The program automati¬ 

cally calculates the thrust required, at each 500 feet in altitude, to maintain 

250, 500, 750, and 1000 feet/minute rates of climb. Special effort has been 

mach to keep the load sheet as simple as practical (only three cards), yet 

provide maximum flexibility and capability to calculate as many different 

types of flight paths as possible. 

The program is controlled by means of two input cards. The first selects 

airport temperature and altitude. It also selects altitudes at which configu¬ 

ration or flight path changes are initiated and selects limiting pitch attitudes, 

climb power settin, s, or rates of climb. The second input card controls 

the takeoff weights, the flight path speeds, and engine bleed conditions. It 

also selects airplane model, takeoff flap setting, and engine type. 

PROGRAM ACCURACY 

Program F2SA was designed to calculate flight paths as close as practical 

to the actual aircraft performance. Using this design criteria, all con¬ 

servative factors required for FAA certification have been removed. The 

more important FAA takeoff factors removed include the 15-percent increase 

in all engine takeoff distance and the 50-percent decrease in headwinds and 

150-percent increase in tailwinds. 

Takeoff calculation methods are very similar to those used in the actual 

certification, and the takeoff data are derived from the certification flight 
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tfSts. Average engine thrust and fuel flow levels are used throughout except 

for DC-K and DC-9 takeoff thrust, which are based on FAA minimum engine 

levels. For the latter, the thrust differentials are small and differences 

Irom average airplane performance should be minimal. 

TAKEOFF CALCULATIONS 

Takeoff aircraft we ights, speeds, and times are calculated with no wind. 

The computer program then uses the no wind speeds and corrects the dis¬ 

tances for takeoff in -10-, 0-, 10, 20, and 30-knot actual winds. This simpli¬ 

fication save s computer time and the distance with wind answers compare 

favorably to certification results. 

Takeoff performance is calculated for level runways. The variations in 

takeoft performance due to runway slope are considered minor compared to 

the large distances travelled during the flight path. 

Takeoff performance, including the climbout until the gear is fully retracted, 

is calculated at maximum takeoff thrust regardless of how the load sheet is 

filled in. 

Aircraft performance between liftoff and gear retracted is based on internal 

program curves. Flight test results show that this flight path is better than 

calculated by free air gradients because of the favorable influence of ground 

effect. These internal curves are based on normal takeoff procedures. 

Takeoff air run calculations between liftoff and ^-foot altitude are based on 

certification level air run curves. The program will calculate takeoff dis¬ 

tances to other all engine takeoff speeds, stated as + X, by entering this 

X as a load sheet item. 

If it is desired to accelerate while retracting the gear to a speed beyond that 

obtained during normal takeoff procedures, then this speed is entered on the 

load sheet as a minimum increase in speed above the V_ speed, âV_TT. This 

means that if the normal takeoff speed were faster than V- + AV then the 
L GU 

aircraft speed would not be changed, but if it were lower than V- + AV_ , 
2 GU 

then the gear retracted speed would be increased in a level flight acceleration 

to V2 + AVgu. 
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FLIGHT PATH CALCULATIONS 

Flight paths arc constructed from climb and acceleration segments as shown 

in Figure D- 1. 

Climb segments are calculated at constant calibrated airspeed unless limited 

by a maximum pitch angle input on the load sheet. If the computer program 

has determined that, at a constant CAS climb speed, the pitch angle is above 

the maximum pitch angle, the flight path will be calculated at the maximum 

pitch angle while accelerating. The computer program will again try to 

climb at a constant CAS speed at the next altitude. 

If the airport altitude is the only altitude entered on the load sheet, the 

program will climb to 2000 feet above the airport altitude. This helps the 

program user to obtain flight path data to check input cards. 

Flight paths for noise determination are normally calculated as a function of 

geometric altitude. However, even geometric or pressure filtitude incre¬ 

ments can be calculated depending on whether the altitude type flag is 0 or 1. 

After the gear is fully retracted, the printout also contains the interpolated 

altitudes at even 1000-foot distance increments from brake release. 

Climb segments before the flap and slat retractions are usually calculated 

in 100-foot increments, while climb segments after these retractions will 

usually be calculated in 1000-foot increments. 

Takeoff thrust for earlier DC-8 and DC-9 airplanes is calculated assuming 

the pilot set the throttle statically. Takeoff thrust for DC-8-63 and DC-10 

airplanes is calculated assuming the pilot set the throttle at 60 knots, EAS. 

This is consistent with the certifications of these aircraft. 

Basically, takeoff thrust is then lapsed from this speed and airport altitude 

until after the airplane has retracted any flaps and slats and has reached 

250 knots, CAS. Any remaining portions of the flight path, such as climb 

to 10,000 feet pressure altitude, are calculated at maximum climb thrust. 

This thrust schedule can only be* altered, after the gear is fully retracted, 

by use of this input Special Altitude. 
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At the Special Altitude (if input on load sheet) the engine thrust level can be 

reduced. If the Reduce Pitch Angle or the constant rate of climb is filled 

in, the flight path will continue at constant CAS at the thrust required to 

maintain the reduced pitch angle or constant rate of climb until the acceler¬ 

ation altitude is obtained. If constant EPR is input, then the constant EPR 

climb would continue at constant CAS unless limited by maximum pitch 

attitude. The Special Altitude must be above the altitude at which the gear 

is fully retracted and below both the level-accel and the climb-accel altitude. 

Flap and slat retractions and acceleration to 250 knots, CAS, are calculated 

in level flight or while climbing at a constant pitch attitude, depending on 

whether the level flight or the climb-accel altitude is filled in on the load 

sheet. After flap and slats are retracted, points are calculated in even 

10-knot, CAS increments. This acceleration is normally calculated at take¬ 

off thrust. If the Special Altitude is filled in, it will be calculated at maximum 

climb thrust following a reduced pitch angle or constant rate of climb seg¬ 

ment, or calculated at constant EPR if so specific.]. 

The constant pitch angle during flap and slat retraction is cbtained by the 

following three steps: 

1. Use the maximum pitch angle from the load sheet. 

2. If there is no maximum pitch angle, use the actual pitch angle at the 

climb-accel altitude. 

3. Reduce the pitch angle obtained from 1 and 2, as applicable, by any 

pitch angle decrement entered in the load sheet. 

The Cp flap while retracting flaps and the slat while retracting slats are 

assumed to be linear with time. This assumption is felt to provide slightly 

conservative answers. The clean -alpha curve is used after flap retrac¬ 

tion even if the slats are partially or fully extended. This assumption was 

made because the slat position affects the C -alpha curve less than the flap 

position during a normal all engine flight path. The computer program 

assumes a linear variation between the two Cj -alpha curves as the flaps 

are retracted. 
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If the I-mal H(, altitude (a load sheet item) is higher than the current altitude, 

then the airplane will climb to that altitude at maximum climb thrust. If the 

final H(i altitude is above 10,000 feet pressure altitude, then the airplane 

will accelerate at 10,000 feet pressure altitude at even 10-knot, CAS, 

increments until the airplane reaches the c limb speed (a load sheet item). 

Il this speed is not input, this speed is assumed to be 300 knots, CAS. 

PROGRAM EXTENDED CAPA1.ILITIES 

Program f.’SA contains the flexibility and capabilities to calculate aircraft 

performance beyond tin- normal operating range of an aire raft. This 

increased performance is very desirable in calculation of special flight paths 

such as optimization studies. This capacity could also provide flight paths 

that may not be- practical to fly. 

The only constraints on aircraft performance are as follows: 

1. Il the climb gradient at the gear retracted height, speed, all engine 

configuration, and with one engine's thrust removed is below the 

minimum required FAA Second Segment Climb Gradient, a warning is 

printed on the output page. However, calculation of the flight path is 

continued. 

2. If the airplane is accelerating in level flight or while climbing at a 

constant pitch angle, and this acceleration is less than 0. 1 knot/second, 

the program writes on the output page that acceleration is discontinued, 

and the program continues the climb to the altitude requested at the 

aircraft drag configuration and the constant calibrated airspeed obtained 

at the last successful point calibrated. 

If the Level Plight and Climb-Accel Altitudes are both filled in and are the 

same, then the ilap and slats will be retracted while climbing from those 

altitudes. 

If the airplane is climbing while retracting flaps and slats and the acceler¬ 

ation is below the minimum allowable value, and if the Level Flight Acceler¬ 

ation Altitude is above this altitude, then the airplane will climb at constant 

CAS speed, limited by maximum pitch attitude, until the Level Flight 
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Acceleration altitude is reached. The airolane will then finish the flap and 

slat retractions in level flight. 

PROGRAM EQUATIONS 

Takeoff program equations are contained in Douglas Report Number DAC- 

33392, Methods Used in Determination to Show Compliance with Civil Air 

Regulation SR-42ZB, dated 18 February 1967. The certification substantia¬ 

tion report for each airplane contains the actual FAA approved flight test 

data, as well as any improvements in certification methods. All of these 

reports are company proprietary. 

Some of the more important all-engine flight path climb and acceleration 

equations are listed below: 

Lift Coefficient 

C. = -:-L 
L q X wing area 

weight X cosy 

2 
q = dynamic pressure (Ib/ft ) 

V = climb angle (radians) 

Vel_ (knots) 
True ' 

Drag (pounds) 

Drag 

2 
fp = parasite drag (ft ) 

e wing efficiency factor 

AR = aspect ratio 
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Rate of Climb (R/C) (ft/minite) 

Vel 
true X 101.Z683 x (Total thrust-drag) R/C 

Acceleration (kn/sec) 

= 1Q«°6 x (Total thrust - dra^j - weight siny) 
Weight 8 ^ 

lime to Climb (hours) 

A Time 
R/C2 

60 (R/C2-R/C.) 

Time to Accelerate (hours) 

ATime log 
Acc 2 

3600 (Acc., - Acc ) e Acc 

Distance Travelled (n mi) 

ADist = ATime x Average True Air Velocity 

Fuel Burned (pounds) 

AFuel Burned - ATime x Average Total Fuel Flow 

F2SA LOAD SHEET INSTRUCTIONS 

This section explains how to fill in each item on the load sheet, see 

Figure D-2. However, the description of how the flight path altitude con¬ 

trols interact with each other is contained in the Flight Path Calculations 

section, which should be used as basic reference for the control of the 

program. 

Only three input cards are required to operate computer program F2SA. 

The first card contains header information that is written at the top of each 

page. The next two cards contain the temperature, altitude, weight, speed, 
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and type controls necessary to define practical aircraft flight paths. When¬ 

ever all of the flight paths have been calculated from these three cards, the 

program will read in all remaining sets of three cards. The program ends 

by writing out 'All Input Data Has Been Read In" on the output page when it 

has calculated all of the input data. 

The set of three input cards can only control the input aircraft performance 

parameters. The three type controls are used to designate specific aircraft 

performance data from input data sets and equations. If the requested type 

controls are incorrect, then the program will print out why, and then it 

will stop. Engine deck data are selected by JCL (Job Control Language). 

Because JCL and input data are independent of each other, the user must 

make sure that he has both correct or he will get wrong answers. 

DETAILED LOAD SHEET INSTRUCTIONS 

Card 1 Header 

This card may either be left blank or contain any printable 

character in any sequence. This one line will be printed out at 

the top of each page. 

Card 2 Temperature Controls 

Input from 1 to 6 airport ambient temperatures (°C), using 

decimal points. Also enter number of temperatures on Card 3.” 

Program will lapse temperature 1.9812°C per 1000 pressure 

feet above airport altitude. 

Altitude Controls 

Input altitudes are geometric (HG) if ALT TYPE = 0 or pressure 

(HP) if ALT TYPE = 1. The description of how the altitude controls 

work together is contained in the Flight Path Calculations section. 

All decimal points are rightly justified. 

Airport Altitude Enter airport altitude. 

Level Acc »1 Altitude Enter altitude (if required) for 

level flight acceleration. 
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Climb-Accel Altitude Ente” Initial altitude (if required) for 

acceleration while climbing at 

constant pitch attitude. 

Final HG Altitude Enter final HG altitude if a climb 

after completion of acceleration is 

desired. 

Special Altitude Enter the altitude at which the change 

in flight path specified by the follow¬ 

ing two items is required. 

Reduce Pitch Attitude Enter the number of degrees that 

the flight path angle is to be reduced 

at the special altitude (if filled in) 

and/or the climb-accel altitude (if 

filled in). 

Const EPR or Rate of Enter the engine EPR for Pratt & 

Climb Ft/Min Whitney engines or percent Nj for 

General Electric engines for climb 

at this constant engine level. Enter 

constant rate of climb in feet per 

minute if desired. Special altitude 

must be entered in all cases. 

Altitude Type 0 climb at HG increments to HG 

altitudes. 

1 climb at HP increments to HP 

altitudes. 

Max Pitch Angle This is the maximum total pitch 

angle of the aircraft while climbing. 

The total pitch angle is the sum of the 

flight path angle and the angle of 

attack. Read the "Flight Path Calcula¬ 

tions" section of this write up care¬ 

fully if it is desired to enter a limiting 

maximum pitch angle. 
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Card 3 Weight Controls 

'nitial Wt / 1000 Brake release weight for lowest 

desired weight/1000 

Final Wt/1000 Brake release weight for highest 

desired weight/1000 

AWt / 1 000 Weight increment/1000 by which 

brake release weights are incremented. 

Example: To calculate flight paths at 

70,000, 80,000, 90,000 and 98,000 

pounds enter as follows: 

Initial Weight = 70 

Final Weight = 98 

Delta Weight = 10 

Speed Controls 

Min Gear Up AVçy 
(knots) 

If the speed at the end of gear retrac- 

will accelerate in level flight to 

Takeoff V2 t AV (knots) If AV is filled in, the all engine 

takeoff speed at 35 feet above the 

runway is set equal to speed + AV. 

Climb Speed (knots 

CAS) 
This is the climb speed at the end of 

the level flight acceleration at 10,000 

feet pressure altitude. If this location 

is left blank, then 300 knots, CAS is 

assumed. 

Type Controls These controls determine the aircraft 

performance parameters. Do not 

use decimal points and keep right. 
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All possible combinations are listed 

below in the format which should be 

used for input. 

Only one model-flap angle-engine 

combination can be run on each three- 

card input data set. 

Model 
(keep right) 

Flap Angle 
(keep right) 

Engine 
(keep right) 

8 

8 

9 

10 

10 

15, 25 

12, 23 

5, 15 

0, 5, 10, 15, 20 

5, 10, 15, 20, 25 

3D- 3 B 

3D-7 

F6-6D 

JT9D 

Series 61 

Series 63 

Series 30 

Series 10 

Series 40 

^Use DC-8-61 for DC-8-50 takeoff performance. 

--The DC-9 engine can be omitted since both engines are run with the 

same airplane series and have the same aircraft performance parameters. 

Number of: 

Temperatures Number of temperatures desired it 

each airport altitude for all aircraft 

weights. 

A/C Packs Number of A/C packs operating for 

DC-9 or DC-10, 1/2 number of turbo¬ 

compressors operating for DC-8. 

Table of allowable numbers: 

DC-8 

DC-9 

DC-10 

0 or 2 

0 or 2 

0 or 3 
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Hlfed Engint* bleed during flight path. 

1 No ice protection. 

¿ Engine ice protection only. 

3 Engine 4 airframe ice protection. 

How to Run This Computer Program 

This computer program was written, checked out, and documented by the 

Douglas Aircraft Company, Long Reach, California, for use by the FAA. 

The program has been transferred to disk pack storage at McDonnell 

Douglas Automation Company (McAUTO), St. Louis, Missouri. F2SA 

cannot run by itself because it contains no thrust data. The engine perform- 

ance decks, which comprise seperate programs to be run in conjunction 

with F2SA, are also stored on disk at the McAUTO facility. The Job 

Control Language necessary to call F2SA and the correct engine deck will 

be supplied by McAUTO. 

Each engine deck has an identification date which is printed out in the 

header at the tup of each flight path after the words THRUST DECK. The 

available thrust deck- are as follows: 

DC-8 Series 61 

Series 63 

DC-9 Series 30 

Series 30 

DC-10 Series 10 

Series 40 

Type Identification Date 

JT3D-3B 1/31/73-614 

JT3D-7 5/23/68-872 

JT8D-7 9/19/69-704 

JT8D-9 5/29/68-904 

CF6-6D 6D CABE02C2 

JT9D-20 -20ICBCH01C9 
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APPENDIX E 

COMPUTER PROGRAM A8RA - APPROACH NOISE LEVEL 

The approach noise level program calculates the engine noise parameters 

N¡, Nj/nTG. Fn/6 and EPR for a given airplane configuration, approach 

gradient, gross weight, pressure altitude, and temperature at five approach 

speeds. Output is formatted for 11-x 8-1/2-inch paper at 8 lines per inch, 

as well as 11-x 17-inch paper at 6 lines per inch. 

Input consist of two lines of alphanumeric data followed by numeric data. The 

alphanumeric data are provided so that the user may print any information 

in the heading of each output page as he sees fit. 

The numeric data consist of 18 variables which cause the program to access 

internally stored data and to perform calculations over a given range of condi¬ 

tions. These 18 input parameters are described in detail in the load sheet 

instructions and are input into the program as shown on the load sheet. 

The program has a refer-back capability which causes it to save the values 

read in on the first card of numeric data. These values are maintained 

throughout the program run as base case data. Each succeeding numeric 

data card causes the program to run another case. Data punched into each 

additional case card overlay the base case data until the completion of the 

case. It should be pointed out that a blank on a change case card will not be 

interpreted as a zero but as a refer-back to the base case. Any parameter 

may be changed on a case card except MODEL and SERIES which must be 

consistent with the program set up. 

DC-8 Series 50, 61 and 63, DC-9 Series 30, and DC-10 Series 10 and 40 

aircraft can be run with program A8RA for flap deflections of 0, 35, and 

50 degrees. Any other aircraft or flap deflection will cause the program to 

terminate. 

See sample run following this discussion. 
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PROGRAM AHRA 

MODEL 

SERIES 

INITIAL 
WEIGHT 

AWT 

FINAL WEIGHT 

INITIAL AT 

A( AT) 

Final AT 

INITIAL HP 

AHP 

FINAL HP 

BLEED 

LOAD SHEET INSTRUCTIONS 

Load 10 for DC-10, 9 for DC-9, etc. 

Series designation (Example, load 40 for 

DC-10-40) 

Initial gross weight 

Weight increment 

Final gross weight. Does not have to be 

an increment of initial weight and AW. 

Initial temperature deviation from standard 

AT increment 

Final temperature deviation from standard. 

Does not have to be an even increment of 

initial AT and A(AT). 

Initial pressure altitude 

Pressure altitude increment 

Final pressure altitude. Does not have to be 

an even increment of initial pressure altitude 

and AHP 

= 1, Anti -ice off 

= 2, Cowl anti-ice only 

= 3, Cowl and airframe anti-ice on 

Lb 

Lb 

Lb 

o 
C 

o 
C 

Ft 

Ft 

Ft 
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A8RA 

No. A/C 

APPROACH 
GRADIENT 

INITIA^ 

Ve/Ve STALL 

CAS 

F 

GEAR 

LOAD SHEET INSTRUCTIONS (Continued) 

Input value used to determine number of 

air conditioning units operating 

DC-10; load number operating 

DC-9; load number operating 

DC-8; load half number of turbocompressors 

operating 

Approach gradient to be calculated. Down is 

positive 

Initial ratio of V„ to V STALL 
c 6 

Defined start of speed loop (default is 1.0) 

Speed increment (default is 10 kn) 

Flap deflection 

Landing gear flag 

0; landing gear retracted 

1; landing gear extended 

Deg 

kn 

Deg 
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A8RA 

DESCRIPTION OF OUTPUT 

WT LB 

CAS KN 

TAS KN 

Aircraft gross weight 

Calibrated airspeed 

True airspeed 

DELTA CAS KN Difference between CAS and initial CAS 

VE/VES 

R/S FPM 

DRAG LB 

FN LB 

Ratio of equivalent airspeed and equivalent 

stalling speed 

Rate of sink (down position) 

Total airplane drag 

Average thrust required per engine 

FN/DELTA LB Average thrust per engine over the ratio 

of ambient P to P 

N 1 

Nj /ROOT G 

EPR 

Low pressure rotor speed 

Percent low pressure rotor speed over the 

square root of the ratio of absolute total 

ram temperature to the absolute ambient 

temperature 

Engine pressure ratio 

Lb 

kn 

kn 

kn 

fpm 

Lb 

Lb 

Lb 

Percent 

Percent 

L. 
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HOW TO RUN THIS COMPUTER PROGRAM 

This computer program was written, checked out, and documented by the 

Douglas Aircraft Company, Long Beach, California, for use by the FAA. 

The program has been transferred to disk pack storage at McDonnell Douglas 

Automation Company (McAUTO), St. Louis, Missouri. A8RA cannot run 

by itself because it contains no thrust data. The engine performance decks, 

which comprise separate programs to be run in conjunction with A8RB, are 

also stored on disk at the McAuto facility. The Job Control Language neces¬ 

sary to call A8RA and the correct engine ceck will be supplied by McAuto. 

Each engine deck has an identification date which is printed out in the header 

at the top of each page after the words THRUST DATA. The available thrust 

decks are as follows: 

DC-8 

DC-9 

DC -10 

Type Identification Date 

Series 50 

Series 61 

Series 63 

Series 30 

Series 30 

Series 10 

Series 40 

JT3D-3B 

JT3D-3B 

JT3D-7 

JT8D-7 

JT8D-9 

CF6-6D 

JT9D-20 

1/31/73/614 

1/31/73/614 

5/23/68-872 

9/19/69-704 

5/29/68-904 

6D CABE02C2 

-201CBCH01C9 

SAMPLE RUN 

The following sample run of Program A8RA is typical of those made for 

DC-10 type aircraft. The sample filled-in load sheet and resultant output 

is presented for several cases. Proceeding each case is a printout of the 

input data. 
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EXAMPLE H HEIGHT OF AtHCHAFT ABOVE 
GROUND LEVEL. 3000 FT 

D PER PENUICULAR DISTANCE TO 
PROJECTION OF FLIGHT PATH 
ON TO GROUND PLANE. 4500 FT 

S SWING PARALLEL ARC FROM 
POINT P. THE JUNCTION 
OF H AND D. TO LOWER 
SCALE. READ SLANT RANGE 

HGURt F I. SLANT RANGE DETERMINATION WHEN AIRCRAFT IS TO THE SIDE OF FLIGHT PATH 
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BASEO ON U.S. STANDARD ATMOSPHERE, 1962 

PRESSURE ALTITUDE, (X 1000 FT) 

FIGURE F-6. GEOMETRIC ALTITUDE VERSUS PRESSURE ALTITUDE 
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APPENDIX G 

PROCESSING OF DC-9/JT8D-1 AND DC-8-63 
FLYOVER NOISE DATA 

The raw analog noise data were digitized using the Douglas Controlled 

Integrating Spectrum Analyzer (CISA). This system consists primarily of 

a General Radio 1921 Real-Time Audio Spectrum Analyzer controlled by a 

small digital computer. After being digitized within the analyzer, the data 

are written incrementally onto digital magnetic tape for further data processing 

by a large-scale digital computer (Xerox Data Systems Sigma 7). The 

General Radio-1921 is a hybrid spectrum analyzer with twenty-four analog 

one-third octave filters, and a digital detector section employing true 

integration techniques. This analysis system meets the requirements 

specified in paragraph A36. 2(d) of FAR Part 36. The sound pressure level 

reference calibration signals and the ambient noise signals were also 
digitized. 

Frequency response calibrations were obtained from recorded sine waves 
and input via punch cards into the computer. 

The digital magnetic tape (generated by CISA) was processed with Sigma 7 

computer program L3SK. This program converts the digitized data into 

measured sound pressure levels (SPLs) by scaling the data relative to the 

reference sound pressure level and record/playback gains. The SPLs are 

then corrected for system frequency response, microphone and windscreen 

frequency response and station barometric pressure. 

The reference-weather procedure corrects the entire measured SPL 

spectrum time history for differences in atmospheric absorption coefficients 

between measured and reference weather conditions and the effect of acousti¬ 
cal propagation time. 

The flight path for space positioning was constructed from photograph 

minimum distances (used as heights assuming zero lateral deviation. 

Figure G-l is a block diagram showing the data flow-through (CISA). 
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