RECOMMENDATIONS

FOR SUPERCHARGED DIESEL ENGINES

PART |: Engine de-rating on account of ambient conditions

"PART Il : Engine acceptance tests
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+ CIMAC~-RECOKENDATION
for Supercharged Piescl Engines

Part 1

Engine De-reting on Account of Ambient Conditions .

Introduction

The determination of the power cf turbocharged internal combustion engﬁhes undexr
site conditions which are different from standard conditions is a most complex
calculation due to the many paramcters involved. The methods of calculation

used are left to each manufacturer. The site rating is guaranteed by the

manufacturer. The conversion formula givern in the following is to confirm %o

the combusticn engirne user and panufactursr not conversant with the srecial
calculating methods that the site rating guaranteed will be obtaincd without
¢xcessively overloading the engine and the turbecharger. :

from standard reference conditions for an
ment metched to these standard refesrence .
r rating so as to maintain approximate 1

The CI¥AC formula applies to de-ratin
engine with standaxd turbocharging equi
conditions and reduces the engirs pow
constant exhaust ‘omperaturs.

The same formuls, nowever, can be used to de-rate from substitute reference
onditions at which thne engine would be able to opecrate at full rafed power
ithout sxceeding the maximum permissible turbocharger speed or exhaust
emperature. These substitute rcference conditions mey exist for the engine
with the standard turbocharging equipment or may be created by re-metching of
the turbocharger equipment.

Q

o X

ifomenclsture
o = de-rating factor
a = humidity factor
(a = 0 in case of ourbocbar&bd engine s'where air humidity is not taken

into account)

kel = specific fuel cornsumption

h = altitude above sea level (m)

K = de-rating constant

P = power output (7P

Pi = indicated power (EP)

P = absolute pressure (bar)

pS = saturation vapour presszurs (bar

T = absolute temperature (K)

TC = absolute charge cir coolmnt tempefaturo (K)

9 = relative air humidity (%

My = mechanical cengine efficiency at rated output under rofercnce

conditions :

et

" = boost pressure rstio : -2 -
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Suffixes
ot = maximum
x> = standard rcference conditions
ra = substitute reference conditions
3 = site conditidns

7, Standard keference Conditinns

(%)
.

The standard refe

inmbient air pressure p, =
Zzmbient air temperature Tr =

Intry tempe
&t the standard rating.

Zor Z}lI‘/alI‘ cn..rge coolers

Da-rating Formulse

The

® P
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PX - a‘¢&~

< K - 0,7 (1 -

P,
- ix

rence conditions

rature of the charge air coolant T

general de-rating formula reads

N

s

tﬂ'

Py ~'a.®r

exponents apply :
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~
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-

following

are

i bar
300 X

is to
cr

follows :

T

r TC""
d==) . (=

be stated by the manufacture:

son-intercooled turbocazrged
4--3troke Diesel cngines

lETeICOOlLd turbocharged

L3

roke D1° sel engines

0,7

0,7

2,0

1,2

De-rating Procedure

1)

b"

Tzve to be distinguished :

-

. De~rating fron Standard Re:

~
P ety
Lo

noc Co

or the calculation of the output under site conditions the followi

aditions

ng iwo

b=)

If the engine rating at stendard roferencs conditions is limited by fzctors which
would be worszned by reduced ambisnt pressure, ;pcr zased ambient temperzturc
or increased coolant temperaturs et consitant power outobut, the standard values
p. T_ and T  should be used in zquation (3).
T, cr B
In this case the de-rating constant accordirz to cquation (3) becores for :
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5.1.1. 4~stroke turbocharged engincs without charge air coolers (Formula CIMAC Q)

kK = () (== (4)
4 Py “x

5.1.2. 4~stroke turbocharged engines with eharge air coolers (Formula CIMAC 8)

s

pX 0’7 Tr1,2 TCI"” ’
K, = ('I';') .('T"') .(-T‘-— (5)
r X CcX .

5.2. De-rating from Substitute Reference Conditions

If the engine at standard reference conditions is limited by factors which
are not worsened by changing embient conditions as mentioned above, subs-
tltute conditions p ra and T‘rn can be used in equation (5) instead of p_ and
Tr' The substitute cond;tlons have to be specified by the manufacturer.

The substitute reference pressure is given by

ra = “r

In this case the de-rating constant according to equation (3) becomes for :

5.2.1. 4-stroke turboch arged engines without cuglge air coolers (Formula CIMAC QA)

o 07 g 20 )
K = (%) (G | (7)
qa D T .

ra

5.2.2. 4-stroke ttrboohurved engines with charge air coolers (borvu’a CIMAC SA)

o 0,7'.T 1,2 T
pra X CcX )

6. Calculation of Spccific Fuel Consumption

The fuel consumption under site conditions is calculated from

b = b K l ‘ (9)

7. Barometric Formula

Where the barometric pressure is not known the ambient pressure abeove sca
level ney be determined by tne C.I.H.A. (Conission Internationale de
Navigation qulbgnO) fornula

p, =1,01325 (1 - 22,5710~ h)5 1255 - (10)
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Lopendix

Example Mo, 1 ¢ De~rating from standard reference conditions (See chapter 5.1.)

Standard reference altitude @ 110 m p.= 1 bar
Site altitude 4000 m p_ = 0,616 bar
Hechanical efficiency ﬁ}m = 0,85
0,7 0,7 ,
K, = (;f—) N = 0,712

Il

Kq - 0,7 (1~K Yo (e = 1)

T

=0, 712 - 0,7 (1 = 0,712)« (=t = 1)

0, 8r
0,677

1l

The exhaust gas turbocharger is operated at 100 % load of the rated output
(point 0, Fig. 1) on its speed limit for continuous operation. :

In this case, de~-rating for 4000 m of altitude is carried out along line a1, along
which turbochargsr spe :d and exhaust temperature remain constant. Site rating. in
this case is 67,7 % (point P1). :

mxanple o, 2 : De-rating from substitute reference conditions (see chapter 5.2.1.)

Boost pressure rotio under standard 7( >
rcference conditions -
Meximum permissible boost pressure ratio I(max = 2,36

Substitute reference pressure

_— 10-———-

Pra = 12,36

= 846 bar
Site altitude 4000 m . P, = 0,616 bar
¥echanical efficiency ’ My = 0,85
n 0,7
K = (-;’j;) = @E) = o801
Qua = Kgo = 07 (1 - an)f(ﬁi- - 1)

The turbocharger permits an incrcase in speed up to an altitude of 1500 m. Up to
this altitude, point G2, Fig. 1, the engine is capable of delivering the full
100 % output. From thecre onward, point G2, the engine is de-rated as per line a2,
resulting in e site rnting of 77,7 % at 4000 m, point P2.

-2 -
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Example No. 3 + De-rating from substitute roference conditions for
anbient temperature on site (Sec caeptor 5.2.2.)
Engine with intercooler.
Permissible ambient
fenmperatnre without .
de-rating accordinﬂ to , *
the engine wanufacturer ‘ Tr“ = 313 K
<o
Anbient sifte tenperature Tx = 323 X
Mechanical efficicncy W = 0,85
o 1,2 1,2
ray
K = = ) = 0,963
sa <TX ) (323 ’

o = g = 0T (1= ) G 1)

= 0,958

Up to 313 K it would be possible to run the engine at the full reiing
Fig. 2. De-roting takes place as per line c3. At 323 X the output is
point P3.

Example o, 4 De-rating from substitute reference conditions for
pressure, ambient temperature and cooling water on

chepter 5.2.2.)

ssurc ratio under standard

ost pres 5% 55
reference conditions B
Maxinun permissible boost pressure ratio ¥ pox = . 2,6

<« Lldx

o J . 2 ga—g‘

Substitute reference pressure : pra =1 “*6
]

= 0,846 var

Site ambient pressure (3000 m) r.. = 0,701 bvar
Substitute reference temperature : ‘ Tra = 303 K
Anbient site tenpersture TX = 308 ¥
Ccolant i _ulcb temporature into cooler unde ' TCT = 300 K
reference conditions h
Coolant inlet temperaturs into cooler on site Tc% = 313
lechanical efficicnoy ¥: = 0,85
: : { =
5 0,7 » 142,
l S
X ) C"’
¥ o= (B () (R
w = S F
re X cx

point
“:/
OID: 8 %,

increascd

o3,
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]

. : . -—1—— -
sa Ko = 0,7 (1= Ksa) ('71:1 1)

0,825 - 0,7 (1 - o,825).(-6-é-5~ - 1)

28

0,803

]

The power output of the engine on site amounts to 80,3 % of the rated power under
reference conditinns,
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Ve

The suffix “r'" corresponds to the
ray be site conditions or gtandard reference conditions.

£L

vzlues of chosen refercnce condifions, which

The suffiz "z" corresponds to the values of any conditions "x", which may be
test conditicns. ’

s

%
B 7.4.2 Tormula CIMAC S

For 4-strcke engines pressure-chargsd by exhaust-gas turboblower
and with charge—air coolers

Px = C(s'Pr
1
where C ag =K - 0,7 (1 - Ks)- T 1)
v - Pi. T 2 0,7 T
with e o RN €A RN iy
ir b4 . p cx

hy

Note that the correction is independent of the air humidity.

g = power correction factor in the case "CIMAC S" (turbo-
charged with charge air cooler)

Ks = rotio of indicated powers in the case "CIMAC S"

TC = absolute temperature of chargs a2ir coolant

Other symbols have the seme meaning as in E 7.4.1.

n T.4.3 Teet Procedure
7.4.3.1 Engires with or without intercoolers

If an environmental test rig for the simulation of ambient site
conditions for engines being adapted to a certain altitude or tem=—
perature is not aveilable a substitute power has to be demonstrated
under test conditions on the manufacturer's test rig. The
substitute power is ceslculated from the site power with the aid of
CIMAC formula "Q", "Qa", "3" or "SA". In some cases, correction of
the site guarantced powcr to test bed conditions may rasult in abnormal
naximun c¢ylinder prcssure. In these cases, the power is o be linited
to the value at which the naxirw: cylinder pressure is considcred
safe by the engine ménufacturer for a short test run and the values
of interest like fuel consumption, turbocherger speed, exhaust gas
temperature, peak pressure, ctc., have to be extrapolated for the
substitute output.

To assist in the extrapolation of pari-load results, it is desirable
that the test power should be as high as vossible and the manufac—
turer may zlter the test conditions artificielly to simuleate site
conditions -more nearly, the followfng ncthods beinz possible :

{. Throttling of the air inlet to the turbocharger coupled with
rceducticn of the eoxhaust pressure by an extraction conpressor
to sinulete hizh altitude on site.

-3 -
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T.4.4

cermperature withi
tion for high

cnse of air inlet tempercture by ertificial heating.

Bngines with Intcrcoolers adapted to High Anbicent Temperature

With supercharged engines having an intercoclar the eff

increased acubicnt teaperature can be easily sinulated by thirottling

at the turbocharger inlet. Thus the coap;ussor work can ba  kept

constant as a higher boost pressure ratio compensates a roduced

temperature. The throsttle ratio for constant Conpr'suor vork czn
a

o)

axen from grapn 1 of the apovendix. During the test the hoost
temperature after intercooler and the power rating have to be the
sere ag on site,

Puel Consumption Correcticn Formula for Atmosphoric Condiii

- B

o
The formula of 7.3 will also be used for engines pressurce-chorgel
by exhaust-gas turboblower.
It reads

b= Bd

N

b
iny
0]
H
(o3

b = L=
d\
20,7 (1 =) (q?lw
In this formula : :

b = sgpecific fuel consurmption

% = consutpticn ccrreciion factor (sce also § B 7.4.1 and
‘ § B 7.4.2 for the roaoning of
. ; \
0tnlr syubels)
Examples
L d-stroke turbochaorzed cngine with a cherge eir cosler is o lovelop
850 h.p. wita an biaptg¢ turbocnorzer under site condifions of

i

N
(@]
(@]

p = 0,7 bar 7

=3

= 3:5/‘ ¥ }7 = C,P; - ei, -
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A s

What power shouli be developed under test conditicns of

TX = Z0C K .
T = 280 X :
CX
[ =GRy @
s~ ‘300 0,7 280
= 1,12' 1,28.- 1,07 = 1153

1,55 + (0,7- 0,53+ 0,18) = 1,60

Il

Thus the engine should be tested at
1,60’ 860 = 1375 hop.
But suppose there is a2 limitation in maximum cylinder pressurce which the

manufacturer inposes at a2 power of 1100 h.p. then the engine is tcsted
at part loads up to 1100 h.p. end the results are extrapclated to 1375 h.p.

Suppose the manufscturer of the engine montibned under a. zrrangess to
throttle the air intake znd cdjusts the charge air ccolant
order to sinulate the temperature influence on the engine.
For a temperature ratio

T
r 330
— = = ne ca a - graph
Tx 300 1,10 one can teke from graph 1
Y

a throttle ratio 51_.= 2,925

. oX
at turbocarger inlet for an assunied

boost pressure ratio of 22 = 2,5
X .
To compcnsate the temperature influence the boost air temperature has to
be set to the veluc anticipated under site conditions by adjusting eithzr
water flow or the coclant tenmperature or both-together.

Thus the power correction fectocr for the influence of anbient pressure

becomnes
0,7
1,047
K = -l = 1,28
s (O,7> ?
C(s = 1,28 + (0,7 ¢,28+ 0,176) = 1,31
Note that the anbient pressure beforc throttle has to be inserted in the
equation to assess tnz influcnce of pressure.
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In this casc the enginc has %o b2 demonstrated at
1,31 860 = 1127 h.p.
Coe— If the meacurcel fuel consumption at this load of exauple b. on test is

175 g/hp.hr.

. . X
then with PC, = . = 1,28
N 1,31
the fuel consumption correccted to site conditions is
b .
b = X 1 P 31

r -—-E-)-* = 175" T28 = 179 g/hp.hr.
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10 11 ' 12 13 T
i ENTHALPY ' .
Py PRESSURE AT COMPRESSOR INLET BEFORE THROTTLE

P PRESSURE AT COMPRESSOR INLET AFTER THROTTLE
P» -~ PRESSURE AT COMPRESSOR OUTLET ‘
Ty  AMBIENT TEST TEMPERATURE

T, AMBIENT SITE TEMPERATURE
% RATIO OF SPEC. HEAT
SIMULATION OF HIGH AMBIENT

SITE TEMPERATURE BY
THROTTLING OF
TURBOCHARGER INLET

ASSUMPTIONS :
EQUAL (SENTROPIC COMPRESSOR WORK

EQUAL PRESSURE AT COMPRESSOR OQUTLET

EQUAL TEMPERATURE AFTER INTERCOOLER Flc ;
EQUAL MASS FLOW 2.




