Progress over 64 years of Grand Prix racid@®51 to 2014 P.1 of24
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Championship in 1950 and the 2014 seagavhich, coinciderdlly involves enging of

about the same size, 1.5 and 1.6 litres respectively, both PresSuaeged (PQ)a problem

of circuit changes has first to be solved. In only 3 veriiEmnza, Monaco and Silverstoneds

the geographical location of a circuit remained unchanged &tutach of thesethe diagram has
beenaltered very significantly to reduce speeds. Many new circuits are now used.

To overcome the circuit problem a correlation was sought for a given type of car over a season
FIAFAYAaad I &a¢ NI Olurelgfrotnihg debmetiytoGhe digyGudIHBtEriRallvi, dhe
relation of Lap Speed (LS) to circuit geometry and other characteristics was something which
MercedesBenz investigated before and after WW2 by manual calculations. They claimed an
accuracy of 1%/7). Of course, they had all the data needed on car and tyre performance as well
as accurate circuit diagrams. Nowadays, teams have computer programmes to do the job, also
being able to input all acceleration, braking and cornering informatiand perhapsan
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so a simple empirical approach has been used to find a TF which enables LS to be correlated
sufficiently accurately to be able to make the muglécadecomparison desired.

Determination of Track Factor (TF)

The list of factorsvhich can influence Lap Speed (LS) is a daunting one, as shdwa,on
Table 1For the purpose of this review it was found possible to simplify it for one type of car
across aeason to a function of:

1 Lap Length (L) (metres have been used);
9 Total turning per lap (T) degrees.

The value of T is measured directly from the circuit diagfatiicial FIA) By identifying Right
and Left turns a check can be madetba accuracy of the measurement from their difference,
which must be 360except where the track crosses over itself, as at Suzuka, where the
difference is 0.

Itwas quicklyfay R ySOS&aal N (2 RAAGAYy3IdzA aK 06SiG-6SSy
of T& | y Rwith hatded&si{add often poor quality surface3he lack of easy ruwff is a
powerful incentive to a driver to keep something in hand to avoid damage to the car and himself.
Certain other special cases where particular conditiondyappd which have to be excluded
from a correlation are described in Appendil.

Data used for the correlation was the 2013 season with 2.4 litte®MNaturally Aspirated (NA)
engines. This provided Txackexamples of dry Q8peeds. The Pole figriwas used,
irrespective of whether Mercedes or Red BREnault or which driver, since the differences in
speed were well below anything which could be expected from such a simple correlation. One
particular effect which could not be allowed for was thathough only Pirelli tyres were used,
they varied the frictional grip characteristics through the season. Since engine specifications
were frozen by FIA rule at least power curves were constant over the year.

A log Multiple Regression Analysis (MR} carried out for-:
LS v.[Nx ™.
After some trial and error the [Circuit Ambient Temperatiinghs also included as a small
improvement (Caution! This can only be valid over the range of 15C to 35C considered).

The result of the 2018eason MRA, after simplifyirtige exponents, shown on Figwith data
on Table 2 on P.3yas-
LS = 85.73[LY4((TP3x (Temp. deg. €3] kph.
The bracketed ternfi ]is the Track Factor (TF).
As before mentioned the 2 Street circuitdpnaco (TF £.99 and Singapore (TF2=28 were
excluded from the MRA and the trend line of Fig. 1.

*Including rebuilt road circuits such as Spa from 1983.
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TABLE 1

FACTORS WHICH FIX LAP SPEEDS THROUGH A RACING SEASON

8 VEHICLE SPECIFICATION

- Car As originally designed and with original range of
Tyres adjustments and alternatives
Set-Up particular to a circuit, covering choice of original
adjustments or alternatives to :=-
- Engine variables (egs. Valve and Ignition timing,
Fuel/Air ratio)
- Gear Ratios (Final drive and Intermediates)
- Chassis variables (Aerodynamics,Suspension,
Steering, Braking)

- Fuel

- Tyre type for each wheel
Modifications during the season, beyond the original
ranges, for all elements of Specification

® FUEL LOAD

8 DRIVER
- Inherent driving ability and courage
- Rapport with the car and ability to describe its
gqualitative performance to the Engineer (nowadays
telemetry gives the quantitative data)
- Knowledge of each circuit
- Form on-the-day and an-the-lap

8@ CONSUMPTION FACTORS
The Engineer and Driver can maximise lap speed at the
expense aof the life of :-
- Engine, Tyres, Brake-pads, Fuel
- Driver's Physical and Nervous Energy

@ TRACK SPECIFICATION :

- Number and Lengths of Straights

- Number and Radii of Corners and their Turning Angles

- Sequence of Straights and Corners

- Changes of direction between successive Corners

- Width

- Surface Grip, Bumpiness and Cleanliness

- _Camber and Banking

- Hills

- Average Atmospheric conditions (Temperature,Pressure,
Humidity) for circuit geographic location (Latitude,
Longitude, and Altitude) and seasonal race date

- Run-off Margins and Safety Features generally

8 WEATHER
- Dry or Wet

- Atmospheric conditions on-the-lap, as variables from the
cirguit average

-~ Wind Speed, Direction and Gustiness

8 RACING TRAFFIC ON-THE-LAP

Fig 1 and Table 2 are shown on P.3
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Although the accuracy of individl points is not particularly high the average erroof the 12
trend line examples being 2.7% from the ling it is considered good enough for the desired
purpose of multi decade comparison.

Fig 1

Circuit Speed Analysis
2013 Q3LS kph
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TRACK FACTOR TF = L"0.4/(T"0.3 x {Temp deg. C)"0.1)
Table 2
YEAR 2013
Tyres:- Pirelli only; Variable friction coefficients through the season
Car:- Polesitter; RB = Red Bull; M = Mercedes M M M M M RB RB
Driver:- V = Vettel; R = Rosberg; H = Hamilton; W = Webber H R R H H \ V
CIRCUIT S'hai Bahrain Barcelona S'stone Hung'ring Monza Korea
Abbrvn. SH BN BA SI HU MA KA
Altitude - Metres 4 15 123 149 232 185 0
Type - T =Track; S = Street T T T T T T T
Pole Speed Q3LS - kph 207.7 211 207.6 236.7 198.7 249 207.9
Geometry
L - Metres 5451 5412 4655 5891 4381 5793 5615
T = Turning - Degrees 1820 1372 1550 1642 1508 918 1704
Temperature - C 15 35 19 16 30 30 22
TF = (L)*0.4/((T)"0.3 x (Temp)"0.1) 2.506 2.499 2.411 2.649 2.267 2.942 2.489
Pole Speed Q3LS - kph 207.7 211.0 207.6 236.7 198.7 249.0 207.9
(Actual - Est)/Est - % -3.32 -1.50 0.44 4.24 2.25 -1.27 -2.58
Average error disregarding sign- % 2.7
YEAR 2013
Tyres:- Pirelli only; Variable friction coefficients through the season
Car:- Polesitter; RB = Red Bull; M = Mercedes RB RB RB RB M M R
Driver:- V = Vettel; R = Rosberg; H = Hamilton; W = Webber W \ W \ H R \Y
N. Abu
CIRCUIT Suzuka _ Delhi Dhabi Austin N'N'ring Monaco  Singapore
Abbrvn. suU ND AD AN NN MO SN
Altitude - Metres 36 193 0 155 586 2 10
Type - T =Track; S = Street T T T T T S S
Pole Speed Q3LS - kph 229.9 219 200 206 207.3 162.8 177.3
Geometry
L - Metres 5807 5125 5554 5513 5148 3340 5065
T = Turning - Degrees 1622 1358 1746 1780 1610 1856 1786
Temperature - C 24 33 25 22 30 20 30
TF = (L)*0.4/((T)*0.3 x (Temp)"0.1) 2.538 2.467 2.429 2.439 2.371 1.990 2.283
Pole Speed Q3LS - kph 229.9 219.0 200.0 206.0 207.3 162.8 177.3
(Actual - Est)/Est - % 5.65 3.55 -3.96 -1.47 1.99 -4.57 -9.42

The 2014 seasocommences on P.4
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The 2014 season

The plot of LS v. TF for the 1.6litre PC cars of 20d@Wen on Fig 2 and the data orblea3. In
this plot only the MercedeAMGWO05, 1.6litre Turb@harged with hybrid assistancis
consideredIt was on Pole for8out of 19races & WilliamsFW36MercedesPU106A00k Pole
in Austria). As 5 qualifications were wet there afedry Q3WO05examples shownexcludinghe
Street circuis of Monacoand Singaporé&om the trend calculatiorandalso excludingao Paulo.
The latter exclusion is because the circuit is at an altitude of 770 metres and the TurboCharged
engines are able to restore séevel power in a lowedrag atmosphere (the track also had been
given a new higlgrip surface).

The trend calculation gives:

LS = 82.83 x TF kph.
The average error for theskl points isy2.6%(if Suzuka, a track described by Pirelli as
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Fig 2
Circuit Speed Analysis
2014 Mercedes-Benz W05
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Table 3
YEAR 2014
Tyres:- Pirelli only; Variable friction coefficients through the
season
Car:- M = Mercedes M M M M M M M
Driver:- R = Rosberg; H = Hamilton; R H R R R R H
CIRCUIT Bahrain B'lona Montreal Austria H'heim Hungary Monza
Abbrvn. BN BC ML AU HO HU MA
Altitude - Metres 15 123 8 690 111 232 185
Type - T = Track; S = Street T T T T T T T
Speed Q3LS - kph 209.1 196.6 209.7 225.9 215.1 190.7 247.9
Geometry
L - Metres 5412 4655 4361 4326 4574 4381 5793
T = Turning - Degrees 1372 1550 1080 894 1230 1508 918
Temperature - C 35 19 19 17 23 30 30
TF = (L)*0.4/((T)"0.3 x (Temp)"0.1) 2.50 241 2.62 2.79 252 2.27 294
Speed LS - kph 209.1 196.6 209.7 2259 215.1 190.7 247.9
(Actual - Est)/Est - % 1.03 -1.55 -3.29 -2.33 3.15 1.57 1.74
2.6
Without
Suzuka
Average error disregarding sign- % =2.1%

Tabk 3 is continued on P.5
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Table 3 continued

Car:- M = Mercedes M M M M M M M
Driver:- R = Rosberg; H =
Hamilton; R H R R R R H

S.
CIRCUIT Suzuka  Sochi Austin A'Dhabi Paulo Monaco S'pore

Abbrvn. SuU SO AN AD SP MO SI
Altitude - Metres 36 10 155 0 770 2 10
Type - T = Track; S = Street T T T T T S S
Speed Q3LS - kph 226 214 207 199 2215 158.2 1725
Geometry

L - Metres 5807 5853 5513 5554 4309 3340 5065
T = Turning - Degrees 1622 1470 1780 1746 1398 1856 1786
Temperature - C 24 20 22 25 20 24 28

TF = (L)"0.4/((T)"0.3 X

(Temp)"0.1) 254 2.67 2.44 2.43 2.40 1.954 2.299
Speed LS - kph 226 214 207 199 2215 158.2 1725
(Actual - Est)/Est - % 7.49 -3.31 2.27 -1.09 11.48 -2.25 -9.42

The 1951 season

The 1951 season, tarthanthe 2 2 NI R 5 NAOSNEQ / KIF YLIA2YAKALI a8l
for the comparison with 2014. This was because in that yeaAtfeeRomeo 159/159M 1.5litre
Mechanically Supercharged (MSC) car was pressed ttnitsst by the Ferrari type 375 4.5litre
Naturally Aspirated (NA) car. Eventually the Alfa poweredMoeld Champion, Juafrangio. The
practice speeds, or race speedsaster,are shown against TF on Fig 3 and the data on Table
4.The 5 Track points taken into the trend calculation are 4 classic Grand Prix races plus a race at
Goodwood TF=3.07). Monza and the Nurburgring (NU) are excluded for reasons given in
AppendixPAl, as is also Dundrod (ID.Ths Appendix also discusses the 2 Street circuits of 1951
Bari(TF=2.90and Barcelona Pedralb€§F=3.56)plus the 2 Street circuits of 1950 (San Remo
and Monaco) which were added give some illustratiof the low speed aga where the Alfa
did not race in 1951.

The trend is:

LS = 474 x TF.
The 5 point accuracy is substantially less than for 2044 20%6.

Fig 3
Circuit Speed Analysis
is-kph 1951 AlfaRomeo 159/159M
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Track Factor TF = (L)"0.4/{{T)"0.3 x (Temp deg C)"0.1)

Table 4 is given on P.6



Table 4

YEAR 1951
Tyres:- Pirelli
Car:- Alfa Romeo 159/159M
Driver:- F = Fangio; Fa = Farina F F F F Fa F

CIRCUIT Berne Spa Rheims S'stone G'wood Monza
Abbrvn. BE SP RH S| GO MA
Altitude - Metres 567 414 88 149 28 185
Type - T =Track; S = Street T T T T T T
Speed in Practice P or in Race if faster
R P R P P R P
Speed LS - kph 168.1 193.9 193.1 160.3 156.7 200.4
Geometry
L - Metres 7280 14120 7816 4649 3863 6300
T = Turning - Degrees 920 1028 460 604 586 516
Temperature - C 15 16 25 15 15 30
TF = (L)"0.4/((T)"0.3 x (Temp)"0.1) 3.45 4.32 4.16 3.27 3.07 3.62
Speed LS - kph 168.1 193.9 193.1 160.3 156.7 200.4
(Actual - ESt)/Est - % 2.63 -5.49 -2.04 3.21 7.67 16.81
Average error disregarding sign- % 4.2

Table 4 continued
Car:- Alfa Romeo 159/159M
Driver:- F = Fangio; Fa = Farina F Fa F F F F
San

CIRCUIT N'ring Dundrod Bari Pedralbes Remo Monaco
Abbrvn. NU DU Bl BP SR MO
Altitude - Metres 618 125 5 69 6 2
Type - T =Track; S = Street T T S S S S
Speed in Practice P or in Race if faster
R R R P P p* p*
Speed LS - kph 137.8 151.3 | 1433 171.9 106.8 103.9
Geometry
L - Metres 22810 11935 5580 6316 3336 3180
T = Turning - Degrees 3840 1234 972 586 1326 1494
Temperature - C 15 15 25 24 13 24
TF = (L)*0.4/((T)"0.3 x (Temp)"0.1) 3.55 3.85 2.90 3.56 2.30 2.04
Speed LS - kph 137.8 151.3 | 1433 171.9 106.8 103.9
(Actual - Est)/Est - % l8.2i -17.22 4.11 1.70 -1.99 7.10

*1950
Conclusion

Comparison of 1951 with 2014

P.6 of24

_On the trend lines shown on Figs. 2 and 3.the lap speed ratiggaven Track Factor for the
MercedesBenzAMGWO05 with PU106A Hybrid power unit compared with the Alfa Romeo

159/159M is:

The reasons for this 75% increase in speed are discussed in the folkeeiian.

2014 L.S- 82.83= 1.75.

1951 LS 47.4
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Causes of speed improvements over 64 yead€951 to 2014
Anlllustrative AppendixPA2 is provided

Power unitdescription

The cars were approximately the same swept volume:

the Alfa (seeFigPA2-1) was 1.5litres; the Mercedd®A2-2) was 1.6litres.

Both were Pressur€harged: the Alfa Mechanically Supercharged (MSC); the Mercedes
TurbaCharged (TC)t waspart of a Hybrid power plant. This had a dynamotor coupled to the
back axle which could provide electrical energy to a battergmised to assidbraking and
alternatively take back this recycled battery energy to add extra powendakle. The battery
could also be chargeda another dynamotor coupled timne TurbdCharger, when this had a
surplus to engine compression needalternatively the second dynamotor could accelerate the
TC after a throttle closurausing battery energy

Progress in technical factors
The 75% increase in lap spe®s come fronx:
better materials;
improved design,
AAYyOS daly a wkOAYy3dI 5NAGSNE gAtf y24 KFE@S 0SSO0
however, be a fitter man in 2014 compared1651 because he has to withstand lateral and
longitudinal acceleration and deceleration forces several times higher (as will be discussed later).
This stress is imposed 19 times in the year, whereas in 1951 there were just 7 classics, with a few
non-Champonship eventsThe offset is thatlassiaaces now only last about 1.5 hours over 300
km whereas the 1951 races averaged about 2.8 hours over an average 460 km.
An important factor is that the 2014 racing enginalita last much longer than in 1951
without overhaul becausenly 5 engines without overhawutere allowed per driver for all 19
racesg penaltieswere imposed if extra enginesere used.
Separating the factors involved in the 75% advance these are:
MORE POWER;
LESS WEIGHT;
LOWER CENTRE GRARITY;
BETTER BRAKES;
BETTER TYRES;
AERO DOWNFORCE.
FASTER GEARCHANGING
Some of the gain must have followed from increased driver confidence arising from:
1 SAFER CIRCUITS;
1 SAFER CARS.
The question of
1 CHASSIS SUSPENSION
is considered to be open.
Each othese factors will now be considered in detail.

=4 =4 =8 -8 -8 -9

MORE POWER

The 1951 AR 159 pracgid and raced with about 400HP while the 20148MWV05 had around
600HP from the basic engine + 161HP for 33 seconds per lap (say, about 40% of the lap) from
battery energy. The level and duration of this electl@ssistance was set by FIA rdletal 761
HP.

Therefore, as a maximum, the 2014 car #8386 more powethan the 1951car.
It couldhave been a great deal more but for 2 raestrictive FIA rules:

Firgly, that the fuel flow of 87 Average Octane Number FIA fuel mix (94.25% petrol +
5.75% bieethanol) must not exceed 100 kg/hr;


http://www.grandprixengines.co.uk/Appendix%20PA2-1.pdf
http://www.grandprixengines.co.uk/Appendix%20PA2-2.pdf
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Secondlythat the fuel ration for the 2014 standard race distance of 300 km is limited to
100 kg (138 litres)Ths was46 litres per 100 knPart of this figure was achieved by the recycling
of energy from the battery.

The AR 159 had no restrictions on fuel quality or quantity and burned 98% methanol at a rate
of 180 litres per 100 km, nearly 4x highelumetricconsumptionrate, or about 2x thenergy
consumption rate allowing for the difference in fuel heat valtibe high alcohol content with a
very rich Fuel/Air ratio was needed to cool the (inefficiently) compressed inlet charge to prevent
detonation, give adenser chargand also to cool the engirtey some liquid entering the
cylinders.

Running on petrol injected directly into the cylinder the PU106 required an intercooler to cool
the compressed charge to provide a denser charge and permit a reasonabpgassion ratio.

Basic engine specifics
A glossary of abbreviations follows before listing the basic engine specifics:

V = Swept Volume Litres

PP = Peak PoweilP*

NP =RPM @ PP

BMPP = BMEP @ MHr

MP3 = Mean Piston Speed @ RPs

IVP = Inlet Valve Pressure ATA (Atmospheres Absolute)

MDR = Manifold Density Ratio relative to ambient

ECOM = [EV x EC x EM] where EV = Volumetric Efficiency
EC = Combustion Efficiency
EM = Mechanical Efficiency

= BMPP
38 x ASE x MDR

and ASE=4 1
(7
R = Compression Ratio.
*Data is not accurate enough to distinguish between BHP and Continentdl. 488)

1951 2014
AR1®M M-B PU106A Hybrid
Seelst PressuréCharged ErgEg. 29
and alseAppendix 1 columnAD
Configuration; Bore (B) mm; Stroke (S) mm

IL8; 58; 70 90°V6; 80; 53 ( Bmax set by rule)
Y, 1.480 1.598
B/S 0.829 1.509
PP 400 600
@ NP 9,000 10,500 where 100 kg/hr
Is reached by rule
PP/V 270 375
BMPP 26.9 32.0
@ MP21.0 18.6
R 7.5 Say, 12
IVP 3.9 2 approx**
MDR 2.86 1.9
ECOM 45% 70%

**Calculated from fuel flow and chemicalborrect Fuel/Air ratio

This shows the large gain in efficierafythe 2014 engine.


http://www.grandprixengines.co.uk/1st_Pressure-Charged_Era_(1PC)_Part_2.pdf
http://www.grandprixengines.co.uk/Appendix_1(4).xlsx
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Taking each Efficiency in turn
Volumetric Efftiency (EV)

CKA& 6l & AYLINRBOSR Ay (GKS t! mnc! O2YLI NBR G2 GF
from tuned and individual inletracts coupled with suction waves from tudesxhausts. Thes1
GP TurboCharged engine of 1.5 litres from Renault in WWiichstarted by destroking their
well-developed F2 2 litre enginétt ed a pressurised plenum chamber before the tuned inlets,
fed by the TurboChargesée Fig PA3). In contrast, prel951 supercharged engine designers
had got all they thought they needed from their blowers and their inlet manifolds made no
intentiona use of resonanced\ll subsequent@ engines retained the Renault systasy.
retaining the throttles close to the inlet valves power @it was not delayed while the plenum
chamber emptied.

Keith Duckworth in 1967 in his DFV engisee(Fig PA4andd ¢ KS ! vAljdzS ) 2a 62 NIK
had reintroduced 4 valves per cylinder to GP racing but at a narrow included angle (VIA) and all
subsequent Championshiginning engines had followed this lead. The PU106 was no exception.
Duckworth had designed his inlet tta¢o providein-cylinderd . | NNBf ¢ dzNb dzf Sy 0S¢ 0
{6ANI €0 a2 | a (2 [EYkECGmiydsthalithetrddidiRaiztgh 2 T
pressure direcinto-cylinder fuel injectior(see below)n place of relativeifow pressure port
injection has enabled NB to reoptimise the inlet tract to give higher EV.

Some speculative details of the inlet valve system for the PUL06A are compiiinetie
AR159 as follows:

AR159/ PU106A
No. of valves per cylinder 2 4
VIA 100° Probably 20° or less
Inlet valve head diametdgiVVD) mm 36 Estimateabout 34 (if IVA/PA similar
to Cosworth CAseeNote 108
Valve Area/Piston Area (IVA/PA) 0.385 0.361
Max. Valve Lift (IVL) mm 8 Estimateabout 13 (from IVL/IVD)
Valve Lift/Diameter (IYIVD) 0.222 0.3& (if amilar to

Cosworth CA; seldote 108
Duckworth had found it unnecessary to use IVA/PA as large as the AR159 figure (the DFV was
0.306) but had increzsl the IVL/IVD ratio beyond that theoretically needed to give skirhare
equal to port areqthe DFV was 0.31However theseratios had been increased in later engines,
as noted for the CA.

The increased values for IVL/IVD were made possible byadogenent which, in the first
place, was produced in order to permit higher values of Mean Valve Speed $p¥a) B/S
ratio could be raised to increase RPM at limiting MPS and therefore ppReeumatic Valve
Return System (PVRSdesignation by Hondapriginally invented by Jedfierre Boudy of
Renault(see Fig PAB) to overcome problems with the EF1 TC engine because it had B/S
excessive for its steel coil spring valve returstegz A 0 NB I f f & 102G WY HKS a g
earlyWopn & ®w{ a2f SR GKS LINRoO6fSY 2F QI f @S NBALGdzNY o6d
[ A1S /FNb2yé¢ o65[/ 0 adaNFIFOS O2FGdAy3a (2 ltft2s (K
be tolerated. Thisiltra-low-friction treatment was available around 19%ke Note 103

A comparison 01951 and 201MVS is as follows:

AR159M PU106A
Inlet valve Opening Period (I0D)290° Estimate 320
Mean Valve Speed (MVS) m/s 2.98 5.12

The level of MVS estimated for the PU106 can be handled easily by PVRS. In the Cosworth type
CA a figure of about 11 was achieved and stresses are proportional to{MVS)

[In the 39 NA period 1982013 the valve gear problem was eased by-temsity Titanium
alloy inletand exhaust valves, but it seems unlikely that the 2014 TC engines can use this
material for exhausts.]


http://www.grandprixengines.co.uk/Appendix%20PA2-3.pdf
http://www.grandprixengines.co.uk/Appendix%20PA2-4.pdf
http://www.grandprixengines.co.uk/cosworthstory.pdf
http://www.grandprixengines.co.uk/Note_108.pdf
http://www.grandprixengines.co.uk/Note_108.pdf
http://www.grandprixengines.co.uk/Appendix%20PA2-5.pdf
http://www.grandprixengines.co.uk/Note_103.pdf
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Combustion Efficiency (EC)

It is probable thaEC was increased substantialiythe PU106Awithout needing a
compromise on the inlet tracts to promote Tumble Swirl, by having dirgotcylinder petrol
injection (DPI) at a pressure of 500 Bar. DPI was a requirement for the 2014 formula, not used in
successfusP engines since the 1964 Ferrarid the fuel pressure allowed was far above
anything used previously in petrol racing units. The AR159 drew its fuel by suction from a 3
GKNRF G OFNDBdzNBGGSNI 60dzii GKS YAE YENS | g/RIZKES | GIAFS
downrstream 2stage Roots superchargers.

Mechanical Efficiency (EM)

In the AR159 the Pressufgharging was done by 2 stages of Roots blowers in series driven
from the crank(see Fig PAB). Having no internal compression this type of supercharger
suffered losses from its fluctuating delivery into the inlet manifold. There was a direct
subtraction of 25% of crank power to produce 3.9 ATA compression (31pamlyf which was
recovered by the pressure on the inlet stroke. There was, of course, no recovery of the exhaust
gas pressure although it did produce a glorious boom! In a MSC engine there was therefore a
lower EM than in an NA engine, if other factarsre the same.

The PU106A TC engine had the advantage of higher efficiency from the centrifugal compressor
and, of course, the extraction of energy from the exhagse Fig PA27 & -8). With the
pneumatic boost from the pressure on the inlet strakay partly offset by the increased
exhaust baclpressure and no crank power subtractiBM was increased compatd¢o an NA
engine.

Another way of putting it, as a heat engine the AR159 efficiency suffered from 3 stages of
compression and only 1 of expansion; the PU106A gained from 2 stages of compression and also
2 stages of expansion.

As already mentioned, @Lon rubbing parts reduced friction.

EM was also improved in the 2014 engine through the use of synthetic oil instead of the castor
(vegetablebase)oil of the Alfa Romeo.

LESS WEIGHT

The AR159 weighed about 778 kg dry, to which 11 kg of wateR@ukd of oil had to be added
to reach 818 kg without fuel or driver. The burly Fangio at 80 kg and a fevwtais of
methanol for practicesay 40 kgywould have taken the car ready for a fast lap up to 938 kg.

This compares with a rule minimum foretfW/05 complete withwater and oiland driverof 691
kg , assumed achieved. With 10 kg of petrol for a Q3 sprintdtaéwas 701 kg24% less than
the Alfa. This was despite the 2014 car having many regulation safety feataiesorced
structure to pasa specified crash testoll-over hoop; driver belts; firgesistantfuel tanks; fire
extinguisher; medical air bottle; rear light; and antooard restarting system. It also carried
down-force-creating aerofoils (discussed below). It was fitted withc@erasThe minimum
weight regulations did prevent engines and therefore cars from achieving the lowest figure
technicallypossible.

Threemajor advances made duringdlé decades since 19%thich saved weighivere:-

1. Mid-engine mounting, which elimited the propeller shaft and long exhaust pipes
(see Fig PA9);

2. Stresseeskin bodycum-frame in an epoxyesinbonded carborfibre-reinforced
material 6ee Figs PAPO & -11). This was not only lighter than a tubutfiame plus
separate bodyut also much stronger and stiffer and could withsdathe hidh aero
forces applieda duty not conceived in 1951.

3. Subsequent use of the miehgine and attached gearbox to carry chassis loads to the

back axledee Fig PA22);
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The much better fuel consumption and 300 km race length instead of an average 460 km saved
weight in tanks and supporting structure.
Torsionbar springs instead of transvertensionleaf springs also saved weight.

POWER/WEIGHT RATIO
The PowéWeight ratios were therefore:
AR159 400F938 kg = 0.3, W05 761 HP/701 kg = 1.092% times tte Italian car.

LOWER CENTRE OF GRAVITY

The midengine configuration not only saved weight but it also provided a lower centre of
gravity. By redcing weight transfelongitudinallyduring braking andaterally duringcornering
this made better use of the tyre characteristics for improved performance. HoweveenglAe
regulations for 2014 limited what was technically feasible in the matterwétong the C of G.

BETTER BRAKES

The AR159 had drum brakese Fig PAB) with 2 leading shoes

The 'GP car to win a Championship (the newly I dz3 dzNJ G SR / 2ligchrakedzO (i 2 NA Q (
was the 1958 Vanwals€e Fig PA23). This was a transfer from aircraft technolo@scs had
been used on the Jaguartgpe sportsracing cato win at Le Mans in 1953.

A further transfer from aviation was the use of carldiecs with pads of the same material,
starting in 1978 not completediscs originallywhich could operate at energy input sufficient in
2014 to slow the cars under aero downforce at 5g from 350(keielining with reducing speed,
of course) See Fig PAP4 for a1993 example of this type of brake glowiyegjlow at about
1000C.

BETTER TYRES
The 2014 car gaineduch lap speedrom its tyres compared to 195ktarting with a
Coefficient ofFriction doubledor more from the use of artificial tread compound instead of
natural rubber This was accompanied by:
1 Greaterlateralwidth of tread compared t@xial(see FigPA215 & -16).
f Absence of watedrainage channels for dry runnimgt { £ A O] G NBI Ra €
1 Artificial material for casings instdaf cotton;
1 Radialply carcase in place of cropsy.

Thesebulleted itemscontributed to a lower sligangle, i.e. to a better ratio of cornering force to
tyre drag. These factoand the greater friction coefficiewould have given an advantage
beforethe addition of aero downforce to multiply adhesiofhere wasomepenalty to pay for
wider tyresin greater aero drag and lower top speed because of more frontallauekap speed
rose.

AERO DOWNFORCE

In 1951 external airflow was nothing but a hiadce to a racing car. It limited top speed and
probably actuallyifted the car which reduced cornering adhesion and it might also make the car
unstable.

By 2014, despite the many and various ways in which the governing body sought to reduce
aerodynamiaids, the science was well established of generating with aerofoils and nadigr
flows an extra downforcaboveli K S  @iticM&lgit tadraise acceleration, brakidgceleration
and cornering speed before thexlit of tyre adhesion was reache@therthings being equal a
GNBofAy3d 2F RKSAAGS 2R g2ddZ R NIFAasS O2NYSNRY
traded off to maximise the lap speed. Nevertheless, the power of the W05 was such that a top
speed of about 350 kph was achieved at Moriie top speed of the ABB9was about 300 kph.
¢CKA& (2L aLISSR ¢l a | Olddztte aaradSR Ay vdzr £ AF
wS RdzO G A 2 yaflat@ring & e rear aerofoil which, in the race and under specified
conditions, gave a psuing car an advantage to overcome the updraught behind the car in front.
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The use oherodown force started in 1968, firstly wittnose aerofoilsdee Fig PA27) then
WAGK | NBFN dagAyITé séedlgd®A28 .S heRaRtad geEnot2osk véy2 dzNBE SO 0
RAFFSNByid G2RI&@ FTNRY (GKS SINIAS&aG SEIl YLX Sa 06 dzi
concoction of vanes in cascadeeg again PA2). Underbody airflow was first harnessed
effectively by the Lotus type 78 in 19%&&€ Fig PA29) but itsventuri shape with sliding skirts
to prevent leakage was soon bannétht bottomswereimposedin 1983 and that is the
situation today but detailed design still means that a large proportion of the total dowrgdasc
still produced by airflow under the car.

Still standard today and affecting the aerodynamics is a feature of the Lotus type 25 of 1962
which was a highinclined driving position provided originally to reduce frontal area (see Fig
PA220).Thisy2 ¢ | ARa&a FANFf2¢g (G2 GKS NBIN agAy3éo

Another feature still used today to assist the aerodynamics is the layout of the 1970 Lotus type
72. This had a sharp nose with the radiators divided positionedn divergingconverging ducts
alongside the cockptib reduce draggee Fig PA21). This is still a besfit and the sharp nose
IABSaE a02LIS T2 N KeKiGenty AtRultiack aparfkiy FAR2 stiovs hdvg NJ
Renault envisaged the 2014 layout.

FASTER GEARCHANGING
The AR159 had 4 forward speeds in a gearbox integrated with thedfimal changed manually
by a cockpit lever and rods.
This system, with advances to 5 and sometimes 6 speeds, remained general until 1989. In that
year the Ferrari type 640, designed under the technical control of Bahmard, was fitted with a
semiautomatic gearbox (SAGB). The gehange was controlledlectronically from 2 fingetip
f SOSNA dzy RSNJ 6KS AGSSNRYy3I 6 KG&essarilgiyrSgul& OK aARS
sequence) The electronics commanded the necessary s@owered adjustment®f engine
RPM, clutch position and geaiheel movement. The advantages were:
9 Faster geachanges: from 25illisecondsnanuallyto 50, later to 30 m.seand now
Mp Y®ASO ¢AGK aasSlspeedShoaatl cutigldoia theftithe vihgh Yy
the car is not under power accelerating but decelerating
1 RPM ovetspeed onprematurechangingdown prevented, with improved reliability;
9 Full wheel control at all times;
i Less effort from the driver.
The type 640geeFigPA2-23) won its Flraceci 2 SOSNE 2y SQa adzNLINRKR aSH ! f
follow suit with SAGB by 1991.
Having developed reliabkectricalcontacts between the quickigietachable steeringvheel
(necessitated for dvier entry and exit by the lagiown driving positionand its column,
advantage was taken over the years to add more and more control functions and data displays

onto the wheel §ee Fig R2-24).

SAFER CIRCUITS & CARS

Even the bravest of drivers of 1951 had to hold something in reserve for emergencies on the
mostly-narrow circuits of that era, where a serious-offurse excursion at speed could easily be
fatal. Today the wider trackfiat kerbs, mostly asphalt ruaff margins and soflined ultimate
barriers, coupled with the car safety features already listed under Weight, have quite properly
given drivers the confidence to drive absolutely-itatt in Qualifying; except on Street ot uits.

SUSPENSION
It is felt that little credit was due to the 2014 suspension in improving performance relative to
1951. The moder®&PO | N&Rign, with double transverse links at each corner, has to:
1 Resist the huge downforces;
1 Not permit much vaation of ride height or attitude, so as to keep control of those
forces;
1 Provide adjustments for the degree of stability needed for each circuit.
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However, it gives the driver a very hard ride, even on the wear A f-0f FAGHINSR & & dzZNF | OS a
modern venues.
The Alfa Romeo by 1951 had obtained sufficient stabilitth negativecamber swingpaxles (or
de Dion) at the back and double trailing links at the frédtmake good use of its power. The
ride was probably no worse than today.

SUMMINGUP

Perhapst is possible to identify the contribution of the 2% magnification of the
POWER/WEIGH&tio to the overall 75% increase in lap speed at a given Track Factor, as
follows=-

For small changesn average over a season, it has been approxichétat
+4% of PP/W ratio gives 1% increase in lap speee Nlote 101
This is actually a small change result of :
LS proportional to (PP/WA
If the samerelationapplied to large canges, then the 2.5increase in PP/W would give
(2.59% = 1.26, ie26%increase in lap speed. This is jaghird of the overall gain.

A fairly bigf! For the other technical advances described, plus the effect of enormously
improved safety fatures, there can be no way for someone outside the racing teams to give an
evaluation.

Ferrari, who have raced in all the 64 years covered in this review, most probably have all the
gains separately logged into their computer from tests where they atibrate, say, circuit
changes at Monza plusackto-back tests at their own private instrumented tracks at Fiorano
and Mugello.This data is most unlikely ever to be made public.

The author is very happy to have seen such advances over the 64 yeansedcthere but
regrets that the huge amounts of money spent to achieve them has now led to secrecy about
most of what goes on under that heavéponsored bodywork!

Derek S. Taulbut.
2 Decembef014.

[General Note Concerning racing regulationsth@ @ NS @A | G A 2y Wolsim@icitiK & 6
of referencewhere some othedependentoffice may actually have issued them.]

Appendix PA1 follows on P41

(s}
(s}
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Anomalies in 1951 data

Lap speed at Monza

Comparedo the average trend line for the 1951 Alfa Romeo 159 of LS = 47.4 x TF, the lap
speed at Monza was 17% higher than its TF &2 ®ould have forecast.

This shows the deficiency of the simple Track Factor, which implicitly relies on a circuitdnaving
mixture of corners ranging from slow and medium where the speed is limited bydawpck
friction and supeifast where the radius is such that the car can be driven round ofiit.

At Monza the value of T in 1951 included the largdius Curva Grale (84) and the Curva del
Vialone (42) which, it is deduced could be taken f@at by the 159, even in its 1951 Monza
NEOA&aAZ2Y (2 wmpda 6daé PRvbspeaificaidAlizhdde twb éurvés NI a Ly O
and two other slight bends are deductédrom T the latter value of 516 is reduced by 84 + 22 + 12
+42 = 1600 356. This would increase TF from 3.62 to 4.04. Relative to the trend line this
would give the actual LS of 200.4 kph as 4.6% above a trend line forecast of 191.6.

While this llustrates how the simple T¢ouldbe improved, it involves replacing a
straightforward geometric measurement with a value modified by judgement and this is
undesirable in a correlatiothough it has been tried it has been rejected for that reason. It
just has to be accepted that not all circuits will fit at a reasonable accuracy.

*TF would definitely not be appropriate for a square or a larggius circle.

Lap speeds at Dundrod (DU) and Nurburgring (NU)
The British racing driver, Roy Salvadorhigiautobiography wrote this about Dundred:
L & werydarraw, very bumpy, all the cambers were wrong, many of the corners were
blind, banks lined the road in many placesany driver that liked Dundrod needed
psychiatric treatmert @®
ThiswouldS§SY G2 o6S | 322R NBlF a2y 6Ke& CINAYlIQa NI O
trend line! It is suggested that the Nurburgring was very similar in character and therefore in lap
speed difference from trend. It is not implied that the many drivers who wandhup to 1976
needed the treatment Salvadori suggested (he actually finisfigth@re in 1958 in a Cooper
T45Climax 2.2 litre, his highest Championship GP score, so did not let its dangers put him off).

Streets versus Tracks
The Street circuitsadded after the Track trend line had been calculated, indicate no significant

RNRLI 2F € L) &LIS SR IBRE LIV Si diNESSIPA NIKA K MR LINRP Ol 6 f &
Fa G¢NJFOl1aé¢ (GKS&aS @SydzsSa Ay wmppm ¢ SONBady2aite 2
RAOSNEAZ2YA a a{iNBSGat¢od Ly GKS OFLasS 2F b! FyR

Goodwood

Farina in the Septembdr951race meeting at Goodwood lapped 97.4 MPHnearly 8% faster
than trend (itisincluded in the trend calculation). This is probably becauseetha@s space for
off-road excursionsvhich gave m the confidence tikR NA @S | (i . Thevanthoii e8lgs i K & ¢
personaly observed Yy SOR2 (i S | tagtadfiractize INF) whichkwaslower than in the
big race: the driver was taking Paddock Bend, iafién was, acceleratingifi-throttle, drifting
acrosghe whole of the road and kicking up a little dust from the outer verge on the exit. This so
alarmed the circuit owners, who planned to build pits just there for a 19b6@r race, that they
introduced the chicane which has been there ever sindak delayed the$1100 MPH lap of the
circuit until April 1959 by Stirling Moss in a P25litre NABRM at a private trial (also withessed
by the author).

Appendix PA2 follows on B.1
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lllustrations

Fig PAZL
The Alfa Romeo 159M is shown as driven by Juan Fangio to win the last classic GP of 1951 on
0KS . I NOSt2yl tSRNIftoSa aidNBSG OANDdzAG FyR GKS

Motor SportDecember 1951
It will be seen that on this circuit there was absolutely no spectator protection. Also noteworthy
are- no crash helmet; no adverts on the car; prominent racing numbers for all to see. The car
was,of course, Italian redwith yellow blacklined nose fompit identification) The open intake
before the cockpit fed the carburetter on the 159M, which also reverted to dual exhaust pipes.
Apart from smooth bodywork which probably generated lifit there were no other aero
features.

Fig PA2
AUSmotive.com

The 2014 Mercedes
AMG W05 hs
numerous visible
features, developed
24/342in largescale
wind-tunnel tests, to
generate within tight
FIA limitshe best
possible
Downforce/Drag ratio.
These vary from the
incredibly:complex
FNR Y { ,thraughy 3 £
the deflectors alongside
the radiator/intercooler ductsi 2 G KS NBKNA aBRAFAEHGSY Ay 02 NLI2 NI § &
wSRdzOGA2Yy {@aiSY¢ 6KAOK OFly 6S dzaSR dzyRSNJ aL)SO
the underbody, again designed within limits,add downforce. The car as a whole perpetuates
the layout of the Lotus 72 of 19768de Fig PA28), i.e. sharp nose and side radiators.
Li KIFa G4KS a{ il yRI NRandvérse inkzzaldscyl éomer gescrie@oteR 2 dzo f
66
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This shows the 1977
Renault EF1 TC
engine, derived by
short-stroking their 2
litre NA F2 unit, with
its plenum chamber
fed via an intercooler
from the
TurboChargemwhich
in turn fed tuned and
individual inlet tracts.
The tuned exhausts
were also retained up
to turbine entry.

1966¢ 1983, are describenh detail in
A¢CKS 'VAldzS ¢ 2a¢2

Fig PAD

Renault and-P Boudy applied originally for ateat on
the gasspring valve return system in 198Bhey nared it
éDistribution Pneumatique o6 dzi 6 KSy | 2y RI
{eaidsSy ot+xw{0é¢ gla O2AYySR o8

Although patented it seems that other engine makers did
not allow that to stand in the way of using suckiauable
advance!

DASO 474
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