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Apêndice I – Propriedades termofísicas 
 

I.1 – Gás natural e óleo Diesel 
 

 As propriedades do gás natural foram baseadas em histórico de sua 

composição química. Tal histórico foi levantado pela companhia distribuidora de 

gás natural encanado, que atua no Rio de Janeiro (CEG). Admitindo que o gás 

natural se comporte como uma mistura de gases, calcularam-se as propriedades 

da mistura, com base nas de seus componentes e suas frações de massa 

(Wylen e Sonntag; 1985). Componentes com mais de quatro átomos de carbono, 

todos presentes em pequena quantidade, foram considerados como tendo as 

propriedades do butano. A Tabela AI.I apresenta os valores obtidos: 

 

Tabela AI.I: Propriedades do gás natural distribuído no Rio de Janeiro 
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Adotaram-se os seguintes valores para as propriedades do gás natural:  

 

kgkJPCIgás /390750.48 ±=            (I–1) 

 

14,058,16 ±=EAG        (I–2)  

 

kgKJRgás /6,43,471 ±=           (I–3) 

 

 O ajuste de curva pela viscosidade calculada para o gás natural 

distribuído no Rio de Janeiro, forte função da temperatura, fornece a informação 

ainda pendente à determinação do consumo de gás natural: 

 
211-8-5 10.1,99223,37045.10101,0375968. TTgás

−−+=µ    (I–4) 

 

onde a viscosidade é dada em [Pa.s] e a temperatura em graus Celsius. Tal 

ajuste de curva é válido no intervalo 0 ≤ T ≤ 50 ºC. 

As propriedades de interesse para o Diesel empregado nos ensaios dos 

motores (metropolitano urbano, aditivado, adquirido em posto de serviço próximo 

à Universidade) são o poder calorífico inferior e a razão ar / combustível 

estequiométrica. Adotaram-se a média dos valores dados por Heywood (1988) e 

Taylor (1985a). As incertezas para seus valores são as necessárias para, nos 

extremos das faixas, reproduzirem os valores informados na literatura. 

 

kgkJPCID /25475.42 ±=            (I–5) 

 

25,075,14 ±=EAD        (I–6) 

 
I.2 – Ar úmido e sua mistura com o gás natural 
 

 As propriedades do ar foram avaliadas levando-se em conta sua pressão 

absoluta, temperatura e umidade. Usando o método dos mínimos quadrados 

sobre os valores tabelados por Wylen e Sonntag (1985) para a pressão de 

saturação d’água, função da temperatura, tem-se: 
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( ) 2
BU

BU

06T-1.07324e8T0.004292501
2T0.041066147.40203927-ln

BU
satP ++

+
=     (I–7) 

 

onde Psat é dada em MPa. A correlação é válida para TBU entre 0,1 e 100,0 ºC. 

A pressão parcial de vapor d´água no ar úmido é dada por: 

 

satv PP φ=        (I–8) 

 

onde a umidade relativa (medida pelo transdutor de umidade), Ф, é a razão entre 

a pressão de vapor PV e a que existiria caso TBU fosse igual a ambiente. 

 A pressão parcial de ar seco é dada por: 

 

vatmar PPP −=      (I–9) 

 

Pode-se então determinar a razão de umidade ω: 

 

ar

v

P
P62188,0=ω     (I–10) 

 

Usando ainda as constantes dos gases do ar seco e vapor d’água 

determina-se, então, a constante dos gases do para o ar úmido: 

 

ω
ω

+
+

=
1,

var
uar

RRR              (I–11) 

 

onde os valores para Rar e RV valem, respectivamente, 287,14 e 461,52 J/kgK. 

Ar úmido, misturado ou não ao gás natural, era admitido pelos motores 

ensaiados. A constante dos gases para esta mistura é dada por: 

  

gásuar

gásgásuaruar
m mm

RmRm
R

&&

&&

+

+
=

,

,,        (I–12) 

 

Com Rm pode-se determinar a densidade do ar úmido, gás natural ou a 

mistura de ambos, conforme os valores adotados para as correspondentes 

vazões mássicas. A densidade da mistura é dada por: 
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mm

m
m TR

P
=ρ          (I–13) 

 

e a densidade parcial do ar seco na mistura por: 

 

m
gásuar

ar
ar mm

m ρρ
&&

&

+
=

,

            (I–14) 

 

 Braga (1987) fornece expressões para o calculo da viscosidade da 

mistura do ar seco com vapor d’água. É necessária ao cálculo da vazão pelos 

bocais de ar úmido. 

varvar

vv

varvar

arar
uar xFx

x
Fxx

x
+

+
+

=
//

,
µµµ    (I–15) 

com os fatores: 

( ) ( )[ ]
( ) 5,0

225,05,0

/ 88
1

var

arvvar
var MM

MMF
+

+
=

µµ
     (I–16) 

e 

( ) ( )[ ]
( ) 5,0

225,05,0

/ 88
1

arv

vararv
arv MM

MMF
+

+
=

µµ
     (I–17) 

 

e as frações molares dadas por: 

 

xar=Par/Patm   e   xv=Pv/Patm     (I–18) 

 

Recomendam-se usar para a massa molecular do ar seco, Mar, e vapor 

d’água, Mv, os valores de, respectivamente, 28,98 e 18,02. As viscosidades 

(Pa.s) dos componentes da mistura são dadas, função da temperatura (ºC), 

pelos seguintes polinômios: 

 
21187 )15,273(10.603079,3)15,273(10.902521,610.960641,9 TTar +−++= −−−µ  

(I–19) 

e 

Tv
86 10.3092,410.7885,7 −− +=µ              (I–20) 
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Apêndice II – Pontos experimentais 
 

O presente apêndice contém tabelas com resultados experimentais 

típicos. Dado ao elevado número de grandezas medidas e calculadas, e suas 

associadas incertezas experimentais, apresentam-se apenas as principais. 

 

Considerando que, no total, foram tomadas aproximadamente 14.100 

medidas e, que em uma folha, apresenta-se cerca de 30 dessas, seriam 

necessárias cerca de 470 folhas para documentar apenas os principais 

resultados. Optou-se por, então, incluir apenas quatro Tabelas. Estas 

apresentam resultados típicos dos motores testados em dinamômetro de 

bancada. 

 

Interessados devem entrar em contato com o autor (ou orientadores) de 

modo a ter acesso aos dados completos, disponíveis em meio eletrônico 

(arquivos tipo “xls” de, aproximadamente, 25 MB cada). Não serão 

disponibilizados dados relativos à operação Diesel / gás dos geradores de maior 

porte (Cummins NTA855G3 e Perkins 4012 TAG2) uma vez que tais medidas 

foram tomadas como parte de projetos de pesquisa contratados por empresas 

privadas (alguns sem financiamento governamental). 
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Tabela AII.I: Motor MWM 4.07 TCA (2.400 rpm). 
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Tabela AII.I (cont.): Motor MWM 4.07 TCA (2.400 rpm). 
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Tabela AII.I (cont.): Motor MWM 4.07 TCA (2.400 rpm). 
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Tabela AII.I (cont.): Motor MWM 4.07 TCA (2.400 rpm). 
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Tabela AII.I (cont.): Motor MWM 4.07 TCA (2.400 rpm). 
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Tabela AII.I (cont.): Motor MWM 4.07 TCA (2.400 rpm). 
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Tabela AII.I (cont.): Motor MWM 4.07 TCA (2.400 rpm). 
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Tabela AII.I (cont.): Motor MWM 4.07 TCA (2.400 rpm). 
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Tabela AII.I (cont.): Motor MWM 4.07 TCA (2.400 rpm). 
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Tabela AII.I (cont.): Motor MWM 4.07 TCA (2.400 rpm). 
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Tabela AII.I (cont.): Motor MWM 4.07 TCA (2.400 rpm). 
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Tabela AII.I (cont.): Motor MWM 4.07 TCA (2.400 rpm). 
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Tabela AII.II: Motor MWM 4.10 TCA (1.800 rpm). 
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Tabela AII.II (cont.): Motor MWM 4.10 TCA (1.800 rpm). 
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Tabela AII.II (cont.): Motor MWM 4.10 TCA (1.800 rpm). 
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Tabela AII.II (cont.): Motor MWM 4.10 TCA (1.800 rpm). 
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Tabela AII.II (cont.): Motor MWM 4.10 TCA (1.800 rpm). 
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Tabela AII.II (cont.): Motor MWM 4.10 TCA (1.800 rpm). 
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Tabela AII.II (cont.): Motor MWM 4.10 TCA (1.800 rpm). 

 R
o
t
a
ç
ã
o

(
r
p
m
)

T
o
r
q
u
e
 
d
e

E
i
x
o
 
(
N
m
)

T
o
r
q
u
e
 
d
e

A
t
r
i
t
o
 
(
N
m
)

E
s
t
i
m
a
t
i
v
a
 
T
o
r
q
u
e

I
n
d
i
c
a
d
o
 
(
N
m
)

I
n
c
e
r
t
e
z
a
 
T
o
r
q
u
e

I
n
d
i
c
a
d
o
 
(
N
m
)

C
o
n
s
u
m
o

d
e
 
D
i
e
s
e
l

(
k
g
/
h
)

C
o
n
s
u
m
o
 
d
e

G
á
s
 
N
a
t
u
r
a
l

(
k
g
/
h
)

C
o
n
s
u
m
o
 
d
e

A
r
 
S
e
c
o

(
k
g
/
h
)

R
a
z
ã
o
 
d
e

S
u
b
s
t
i
t
u
i
ç
ã
o

(
-
)

I
n
c
e
r
t
e
z
a

R
a
z
ã
o
 
d
e

S
u
b
s
t
i
t
u
i
ç
ã
o

(
-
)

R
e
n
d
i
m
e
n
t
o

T
é
r
m
i
c
o

D
i
e
s
e
l
 
(
-
)

I
n
c
e
r
t
e
z
a

R
e
n
d
i
m
e
n
t
o

T
é
r
m
i
c
o

D
i
e
s
e
l
 
(
-
)

C
o
n
s
u
m
o

E
s
p
e
c
í
f
i
c
o

A
p
a
r
e
n
t
e

(
k
g
D
/
k
W
h
)

I
n
c
e
r
t
e
z
a

C
.
 
E
s
p
.

A
p
a
r
e
n
t
e

(
k
g
D
/
k
W
h
)

E
f
i
c
i
ê
n
c
i
a

V
o
l
u
m
é
t
r
i
c
a

(
-
)

I
n
c
e
r
t
e
z
a

E
f
i
c
i
ê
n
c
i
a

V
o
l
u
m
é
t
r
i
c
a

(
-
)

D
e
n
s
i
d
a
d
e
 
P
a
r
c
i
a
l

d
o
 
A
r
 
S
e
c
o
 
n
o

C
o
l
e
t
o
r
 
d
e
 
A
d
m
i
s
s
ã
o

ρ
A
R
 
(
k
g
/
m
3
)

D
e
n
s
.
 
M
i
s
t
.

A
r
/
G
á
s
 
C
o
l
e
t
.

A
d
m
i
s
s
ã
o

(
k
g
/
m
3
)

1
7
8
6

3
2
2
,
7

6
2

3
8
5

4
,
0

2
,
0
0

1
2
,
5
2

3
8
8

0
,
8
6

0
,
0
0
1

0
,
2
7
1

0
,
0
0
5
4

0
,
9
1

0
,
0
1
8

1
,
8
5

1
,
9
4
5

1
8
0
2

3
1
9
,
6

6
2

3
8
2

4
,
0

1
,
6
7

1
2
,
5
2

3
8
9

0
,
8
9

0
,
0
0
1

0
,
2
6
6

0
,
0
0
5
4

0
,
9
0

0
,
0
1
8

1
,
8
6

1
,
9
6
0

1
8
0
0

3
2
7
,
8

6
2

3
9
0

4
,
0

1
,
7
2

1
2
,
5
1

3
8
8

0
,
8
8

0
,
0
0
1

0
,
2
6
0

0
,
0
0
5
2

0
,
9
1

0
,
0
1
8

1
,
8
4

1
,
9
4
4

1
7
9
8

3
2
7
,
5

6
2

3
9
0

4
,
0

1
,
5
6

1
2
,
5
1

3
8
5

0
,
8
9

0
,
0
0
1

0
,
2
5
8

0
,
0
0
5
3

0
,
9
1

0
,
0
1
8

1
,
8
3

1
,
9
3
6

1
7
9
5

3
2
5
,
6

6
2

3
8
8

4
,
0

2
,
8
9

1
1
,
1
4

3
8
2

0
,
8
0

0
,
0
0
1

0
,
2
5
6

0
,
0
0
4
7

0
,
9
0

0
,
0
1
8

1
,
8
3

1
,
9
2
4

1
7
9
5

3
2
6
,
2

6
2

3
8
9

4
,
0

2
,
7
8

1
1
,
1
3

3
8
2

0
,
8
1

0
,
0
0
1

0
,
2
5
4

0
,
0
0
4
7

0
,
9
1

0
,
0
1
8

1
,
8
2

1
,
9
1
9

1
8
0
2

3
1
4
,
7

6
2

3
7
7

4
,
0

2
,
8
0

1
1
,
1
3

3
8
0

0
,
8
1

0
,
0
0
1

0
,
2
6
2

0
,
0
0
4
9

0
,
9
0

0
,
0
1
8

1
,
8
1

1
,
9
1
4

1
7
9
8

3
3
0
,
8

6
2

3
9
3

4
,
0

2
,
7
6

1
1
,
1
3

3
7
9

0
,
8
1

0
,
0
0
1

0
,
2
4
9

0
,
0
0
4
6

0
,
9
0

0
,
0
1
8

1
,
8
1

1
,
9
0
9

1
8
0
3

3
3
1
,
5

6
2

3
9
4

4
,
0

4
,
0
8

1
0
,
0
7

3
8
5

0
,
7
2

0
,
0
0
1

0
,
2
5
0

0
,
0
0
4
2

0
,
9
0

0
,
0
1
8

1
,
8
4

1
,
9
3
6

1
7
9
9

3
2
9
,
6

6
2

3
9
2

4
,
0

4
,
0
6

1
0
,
0
7

3
8
5

0
,
7
2

0
,
0
0
1

0
,
2
5
2

0
,
0
0
4
2

0
,
9
0

0
,
0
1
8

1
,
8
4

1
,
9
3
7

1
8
0
0

3
2
7
,
5

6
2

3
9
0

4
,
0

4
,
1
5

1
0
,
0
7

3
8
5

0
,
7
2

0
,
0
0
1

0
,
2
5
4

0
,
0
0
4
3

0
,
8
9

0
,
0
1
8

1
,
8
5

1
,
9
4
3

1
7
9
7

3
3
0
,
5

6
2

3
9
3

4
,
0

3
,
9
4

1
0
,
0
8

3
8
5

0
,
7
3

0
,
0
0
1

0
,
2
4
9

0
,
0
0
4
2

0
,
9
0

0
,
0
1
8

1
,
8
5

1
,
9
3
7

1
7
9
7

3
3
6
,
1

6
2

3
9
9

4
,
0

5
,
4
9

8
,
8
3

3
9
3

0
,
6
2

0
,
0
0
1

0
,
2
4
7

0
,
0
0
3
7

0
,
9
0

0
,
0
1
8

1
,
8
9

1
,
9
7
1

1
7
9
6

3
2
1
,
6

6
2

3
8
4

4
,
0

5
,
4
3

8
,
8
3

3
9
4

0
,
6
3

0
,
0
0
1

0
,
2
5
7

0
,
0
0
3
9

0
,
9
0

0
,
0
1
8

1
,
8
9

1
,
9
7
3

1
7
9
6

3
3
1
,
4

6
2

3
9
4

4
,
0

5
,
4
8

8
,
8
3

3
9
5

0
,
6
3

0
,
0
0
1

0
,
2
5
1

0
,
0
0
3
7

0
,
9
0

0
,
0
1
8

1
,
9
0

1
,
9
8
0

1
8
0
2

3
2
2
,
8

6
2

3
8
5

4
,
0

5
,
6
2

8
,
8
3

3
9
4

0
,
6
2

0
,
0
0
1

0
,
2
5
9

0
,
0
0
3
8

0
,
8
9

0
,
0
1
8

1
,
9
0

1
,
9
7
8

1
8
0
1

3
3
3
,
9

6
2

3
9
6

4
,
0

6
,
9
7

7
,
4
8

3
9
9

0
,
5
2

0
,
0
0
2

0
,
2
4
7

0
,
0
0
3
2

0
,
9
0

0
,
0
1
8

1
,
9
1

1
,
9
8
8

1
7
9
9

3
2
5
,
2

6
2

3
8
8

4
,
0

6
,
7
5

7
,
4
7

3
9
5

0
,
5
4

0
,
0
0
2

0
,
2
5
0

0
,
0
0
3
3

0
,
9
0

0
,
0
1
8

1
,
9
0

1
,
9
7
5

1
8
0
3

3
2
4
,
1

6
2

3
8
7

4
,
0

6
,
8
9

7
,
4
7

3
9
8

0
,
5
3

0
,
0
0
2

0
,
2
5
3

0
,
0
0
3
3

0
,
8
9

0
,
0
1
8

1
,
9
1

1
,
9
8
8

1
7
9
4

3
3
4
,
2

6
2

3
9
7

4
,
0

7
,
0
1

7
,
4
7

3
9
8

0
,
5
2

0
,
0
0
2

0
,
2
4
8

0
,
0
0
3
2

0
,
9
0

0
,
0
1
8

1
,
9
1

1
,
9
8
7

1
7
9
9

3
1
6
,
6

6
2

3
7
9

4
,
0

9
,
0
3

5
,
1
7

4
0
0

0
,
3
8

0
,
0
0
2

0
,
2
5
1

0
,
0
0
2
4

0
,
9
0

0
,
0
1
8

1
,
9
2

1
,
9
8
6

1
8
0
1

3
2
0
,
8

6
2

3
8
3

4
,
0

9
,
1
5

5
,
1
7

4
0
2

0
,
3
7

0
,
0
0
2

0
,
2
4
9

0
,
0
0
2
4

0
,
9
0

0
,
0
1
8

1
,
9
3

1
,
9
9
4

1
7
9
9

3
2
4
,
1

6
2

3
8
7

4
,
0

9
,
1
1

5
,
1
7

4
0
1

0
,
3
8

0
,
0
0
2

0
,
2
4
6

0
,
0
0
2
4

0
,
9
0

0
,
0
1
8

1
,
9
2

1
,
9
8
9

1
8
0
1

3
1
6
,
5

6
2

3
7
9

4
,
0

9
,
0
8

5
,
1
7

4
0
1

0
,
3
8

0
,
0
0
2

0
,
2
5
2

0
,
0
0
2
4

0
,
9
0

0
,
0
1
8

1
,
9
2

1
,
9
8
5

1
8
0
3

3
2
2
,
2

6
2

3
8
5

4
,
0

9
,
1
8

5
,
1
7

4
0
1

0
,
3
7

0
,
0
0
2

0
,
2
4
9

0
,
0
0
2
4

0
,
9
0

0
,
0
1
8

1
,
9
3

1
,
9
9
0

1
8
0
2

3
3
1
,
7

6
2

3
9
4

4
,
0

1
2
,
0
9

2
,
3
2

4
1
1

0
,
1
7

0
,
0
0
2

0
,
2
3
6

0
,
0
0
1
4

0
,
9
0

0
,
0
1
8

1
,
9
7

2
,
0
2
3

1
7
9
9

3
1
9
,
9

6
2

3
8
2

4
,
0

1
2
,
2
4

2
,
3
2

4
1
2

0
,
1
6

0
,
0
0
2

0
,
2
4
7

0
,
0
0
1
5

0
,
9
0

0
,
0
1
8

1
,
9
7

2
,
0
2
6

1
8
0
5

3
2
8
,
1

6
2

3
9
1

4
,
0

1
2
,
1
3

2
,
3
0

4
1
2

0
,
1
7

0
,
0
0
2

0
,
2
3
8

0
,
0
0
1
4

0
,
8
9

0
,
0
1
8

1
,
9
8

2
,
0
3
1

1
7
9
9

3
1
7
,
4

6
2

3
8
0

4
,
0

1
2
,
1
6

2
,
3
0

4
1
1

0
,
1
7

0
,
0
0
2

0
,
2
4
7

0
,
0
0
1
5

0
,
9
0

0
,
0
1
8

1
,
9
7

2
,
0
2
3

1
8
0
3

3
1
8
,
7

6
2

3
8
1

4
,
0

1
4
,
5
5

0
,
0
0

4
2
1

0
,
4
2

0
,
0
0
4

0
,
2
4
2

0
,
0
0
1

0
,
9
0

0
,
0
1
8

2
,
0
1

2
,
0
5
4

1
8
0
2

3
1
8
,
7

6
2

3
8
1

4
,
0

1
4
,
6
2

0
,
0
0

4
2
1

0
,
4
2

0
,
0
0
4

0
,
2
4
3

0
,
0
0
1

0
,
9
0

0
,
0
1
8

2
,
0
2

2
,
0
5
7

1
8
0
6

3
1
1
,
2

6
2

3
7
4

4
,
0

1
4
,
6
3

0
,
0
0

4
2
0

0
,
4
1

0
,
0
0
4

0
,
2
4
9

0
,
0
0
1

0
,
9
0

0
,
0
1
8

2
,
0
1

2
,
0
5
4

1
7
9
9

3
1
5
,
3

6
2

3
7
8

4
,
0

1
4
,
7
0

0
,
0
0

4
2
3

0
,
4
1

0
,
0
0
4

0
,
2
4
7

0
,
0
0
1

0
,
9
0

0
,
0
1
8

2
,
0
3

2
,
0
6
9

1
7
9
6

3
2
1
,
6

6
2

3
8
4

4
,
0

1
4
,
6
6

0
,
0
0

4
2
1

0
,
4
2

0
,
0
0
4

0
,
2
4
2

0
,
0
0
1

0
,
9
0

0
,
0
1
8

2
,
0
2

2
,
0
6
1

1
7
9
9

3
2
0
,
9

6
2

3
8
3

4
,
0

1
4
,
5
9

0
,
0
0

4
2
2

0
,
4
2

0
,
0
0
4

0
,
2
4
1

0
,
0
0
1

0
,
9
0

0
,
0
1
8

2
,
0
2

2
,
0
5
8

DBD
PUC-Rio - Certificação Digital Nº 0221012/CA



 167 

Tabela AII.II (cont.): Motor MWM 4.10 TCA (1.800 rpm). 
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Tabela AII.II (cont.): Motor MWM 4.10 TCA (1.800 rpm). 
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Tabela AII.II (cont.): Motor MWM 4.10 TCA (1.800 rpm). 
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 Tabela AII.III: Motor MWM 229–6 (1.400 rpm). 
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Tabela AII.III (cont.): Motor MWM 229–6 (1.400 rpm). 
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Tabela AII.III (cont.): Motor MWM 229–6 (1.400 rpm). 
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Tabela AII.III (cont.): Motor MWM 229–6 (1.400 rpm). 
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Tabela AII.III (cont.): Motor MWM 229–6 (1.400 rpm). 
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Tabela AII.III (cont.): Motor MWM 229–6 (1.400 rpm). 
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Tabela AII.III (cont.): Motor MWM 229–6 (1.400 rpm). 
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Tabela AII.III (cont.): Motor MWM 229–6 (1.400 rpm). 
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Tabela AII.III (cont.): Motor MWM 229–6 (1.400 rpm). 
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Tabela AII.III (cont.): Motor MWM 229–6 (1.400 rpm). 
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Tabela AII.III (cont.): Motor MWM 229–6 (1.400 rpm). 
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Tabela AII.III (cont.): Motor MWM 229–6 (1.400 rpm). 
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Tabela AII.III (cont.): Motor MWM 229–6 (1.400 rpm). 
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Tabela AII.III (cont.): Motor MWM 229–6 (1.400 rpm). 
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Tabela AII.III (cont.): Motor MWM 229–6 (1.400 rpm). 
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Tabela AII.III (cont.): Motor MWM 229–6 (1.400 rpm). 
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Tabela AII.III (cont.): Motor MWM 229–6 (1.400 rpm). 
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Tabela AII.III (cont.): Motor MWM 229–6 (1.400 rpm). 
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o
t
a
ç
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o

(
r
p
m
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o
r
q
u
e
 
d
e

E
i
x
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)
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a
z
ã
o
 
d
e
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u
i
v
a
l
e
n
c
i
a
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p
e
r
a
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i
e
s
e
l
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f
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r
t
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z
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e
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u
i
v
a
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i
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p
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r
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i
e
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e
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(
f
D
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a
z
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o
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/
G
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A
G
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-
)
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n
c
e
r
t
e
z
a

R
a
z
ã
o
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r
/
G
á
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-
)
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o
d
e
l
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f
V
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n
c
e
r
t
e
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a
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d
e
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c
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c
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c
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d
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d
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-
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P
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l
e
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r
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p
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P
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l
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Tabela AII.IV: Motor MWM TD229–EC6 (1.600 rpm). 
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o
t
a
ç
ã
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p
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i
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i
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t
i
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T
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r
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u
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d
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e
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t
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r
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I
n
d
i
c
a
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(
N
m
)

C
o
n
s
u
m
o

d
e
 
D
i
e
s
e
l

(
k
g
/
h
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C
o
n
s
u
m
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d
e

G
á
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N
a
t
u
r
a
l

(
k
g
/
h
)

C
o
n
s
u
m
o
 
d
e

A
r
 
S
e
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o

(
k
g
/
h
)

R
a
z
ã
o
 
d
e

S
u
b
s
t
i
t
u
i
ç
ã
o
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-
)
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n
c
e
r
t
e
z
a

R
a
z
ã
o
 
d
e

S
u
b
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t
i
t
u
i
ç
ã
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-
)

R
e
n
d
i
m
e
n
t
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T
é
r
m
i
c
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D
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e
s
e
l
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-
)
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n
c
e
r
t
e
z
a

R
e
n
d
i
m
e
n
t
o

T
é
r
m
i
c
o

D
i
e
s
e
l
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-
)

C
o
n
s
u
m
o

E
s
p
e
c
í
f
i
c
o

A
p
a
r
e
n
t
e

(
k
g
D
/
k
W
h
)

I
n
c
e
r
t
e
z
a

C
.
 
E
s
p
.

A
p
a
r
e
n
t
e

(
k
g
D
/
k
W
h
)

E
f
i
c
i
ê
n
c
i
a

V
o
l
u
m
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t
r
i
c
a
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n
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r
t
e
z
a

E
f
i
c
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n
c
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a
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o
l
u
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r
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D
e
n
s
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d
a
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e
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r
c
i
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l
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o
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r
 
S
e
c
o
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o

C
o
l
e
t
o
r
 
d
e
 
A
d
m
i
s
s
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o

ρ
A
R
 
(
k
g
/
m
3
)

D
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s
.
 
M
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/
G
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l
e
t
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g
/
m
3
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Tabela AII.IV (cont.): Motor MWM TD229–EC6 (1.600 rpm). 
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Tabela AII.IV (cont.): Motor MWM TD229–EC6 (1.600 rpm). 
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Tabela AII.IV (cont.): Motor MWM TD229–EC6 (1.600 rpm). 

 R
o
t
a
ç
ã
o

(
r
p
m
)

T
o
r
q
u
e
 
d
e

E
i
x
o
 
(
N
m
)

R
a
z
ã
o
 
d
e
 
E
q
u
i
v
a
l
e
n
c
i
a

O
p
e
r
a
ç
ã
o
 
D
i
e
s
e
l
 
(
f
D
)

I
n
c
e
r
t
e
z
a
 
R
a
z
ã
o
 
d
e

E
q
u
i
v
a
l
ê
n
c
i
a
 
O
p
e
r
a
ç
ã
o

D
i
e
s
e
l
 
(
f
D
)

R
a
z
ã
o

A
r
/
G
á
s

A
G

(
-
)

I
n
c
e
r
t
e
z
a

R
a
z
ã
o

A
r
/
G
á
s

(
-
)

M
o
d
e
l
o

(
f
V
)

I
n
c
e
r
t
e
z
a

M
o
d
e
l
o

(
f
V
,
-
)

R
.
E
q
u
i
v
a
l
ê
n
c
i
a

G
l
o
b
a
l
 
(
f
G
)

I
n
c
e
r
t
e
z
a

R
.
E
q
u
i
v
a
l
ê
n
c
i
a

G
l
o
b
a
l
 
(
-
)

M
o
d
e
l
o

(
f
G
/
f
V
)

I
n
c
e
r
t
e
z
a

M
o
d
e
l
o

(
f
G
/
f
V
,
-
)

m
T
O
T
A
L
/
m
D

I
n
c
e
r
t
e
z
a

m
T
O
T
A
L
/
m
D

F
S
N

(
1
/
m
)

P
a
r
t
i
c
u
l
a
d
o
s

(
m
g
/
m
3
)

O
p
a
c
i
d
a
d
e

(
1
/
m
)

P
r
e
s
s
ã
o
 
D
e
s
c
a
r
g
a

T
u
r
b
o
c
o
m
p
r
e
s
s
o
r

C
o
l
e
t
o
r
 
A
d
m
i
s
s
ã
o

(
p
s
i
a
)

T
e
m
p
e
r
a
t
u
r
a
 
C
o
l
e
t
o
r

d
e
 
A
d
m
i
s
s
ã
o

(
C
e
l
s
i
u
s
)

1
6
0
2

6
5
,
4

0
,
2
6
4

0
,
0
0
7

5
1
,
9

1
,
4
9

0
,
5
0

0
,
0
1
6

0
,
4
2

0
,
0
1
1

0
,
8
3

0
,
0
3
4

1
5
9

3
,
7

0
,
0
1
0

1
5
,
0
7

4
4
,
1

1
6
0
1

6
4
,
6

0
,
2
6
4

0
,
0
0
7

5
1
,
9

1
,
4
9

0
,
5
0

0
,
0
1
6

0
,
4
2

0
,
0
1
1

0
,
8
3

0
,
0
3
4

1
5
9

3
,
7

0
,
0
1
0

1
5
,
0
8

4
4
,
2

1
5
9
8

6
4
,
9

0
,
2
6
4

0
,
0
0
7

5
1
,
9

1
,
4
9

0
,
5
1

0
,
0
1
6

0
,
4
2

0
,
0
1
1

0
,
8
2

0
,
0
3
4

1
5
7

3
,
7

0
,
0
1
0

1
5
,
0
9

4
4
,
2

1
6
0
3

6
4
,
7

0
,
2
6
4

0
,
0
0
7

5
2
,
0

1
,
5
0

0
,
5
1

0
,
0
1
6

0
,
4
2

0
,
0
1
1

0
,
8
2

0
,
0
3
4

1
5
8

3
,
7

0
,
0
3

0
0
,
0
1
0

1
5
,
0
9

4
4
,
4

1
6
0
2

6
4

0
,
2
6
4

0
,
0
0
7

5
2
,
0

1
,
5
0

0
,
5
0

0
,
0
1
6

0
,
4
2

0
,
0
1
1

0
,
8
3

0
,
0
3
4

1
5
9

3
,
8

0
,
0
1
1

1
5
,
1
1

4
4
,
5

1
6
0
0

6
5
,
4

0
,
2
6
4

0
,
0
0
7

5
7
,
5

1
,
6
6

0
,
4
8

0
,
0
1
5

0
,
4
0

0
,
0
1
0

0
,
8
2

0
,
0
3
4

1
4
4

3
,
3

0
,
0
1
1

1
5
,
0
1

4
4
,
3

1
6
0
0

6
4
,
9

0
,
2
6
4

0
,
0
0
7

5
7
,
6

1
,
6
6

0
,
4
8

0
,
0
1
5

0
,
4
0

0
,
0
1
0

0
,
8
2

0
,
0
3
4

1
4
4

3
,
3

0
,
0
1
1

1
5
,
0
1

4
4
,
3

1
6
0
0

6
5
,
3

0
,
2
6
4

0
,
0
0
7

5
7
,
6

1
,
6
6

0
,
4
8

0
,
0
1
5

0
,
3
9

0
,
0
1
0

0
,
8
2

0
,
0
3
4

1
4
5

3
,
3

0
,
0
1
0

1
5
,
0
1

4
4
,
4

1
6
0
1

6
4
,
4

0
,
2
6
4

0
,
0
0
7

5
7
,
6

1
,
6
6

0
,
4
8

0
,
0
1
5

0
,
4
0

0
,
0
1
0

0
,
8
2

0
,
0
3
4

1
4
3

3
,
3

0
,
0
0
9

1
5
,
0
1

4
4
,
4

1
6
0
0

6
4

0
,
2
6
4

0
,
0
0
7

6
4
,
9

1
,
8
7

0
,
4
6

0
,
0
1
5

0
,
3
7

0
,
0
1
0

0
,
8
1

0
,
0
3
3

1
3
0

2
,
9

0
,
0
1
2

1
4
,
9
9

4
4
,
3

1
6
0
1

6
5
,
3

0
,
2
6
4

0
,
0
0
7

6
5
,
1

1
,
8
8

0
,
4
6

0
,
0
1
5

0
,
3
7

0
,
0
1
0

0
,
8
1

0
,
0
3
3

1
2
8

2
,
9

0
,
0
1
3

1
4
,
9
8

4
4
,
3

1
6
0
0

6
4
,
6

0
,
2
6
4

0
,
0
0
7

6
5
,
2

1
,
8
8

0
,
4
6

0
,
0
1
5

0
,
3
7

0
,
0
1
0

0
,
8
1

0
,
0
3
3

1
2
8

2
,
9

0
,
0
1
1

1
4
,
9
8

4
4
,
3

1
6
0
0

6
5
,
1

0
,
2
6
4

0
,
0
0
7

6
5
,
1

1
,
8
7

0
,
4
6

0
,
0
1
5

0
,
3
7

0
,
0
1
0

0
,
8
1

0
,
0
3
3

1
2
8

2
,
9

0
,
0
1
2

1
4
,
9
8

4
4
,
4

1
6
0
0

6
4
,
4

0
,
2
6
4

0
,
0
0
7

7
4
,
7

2
,
1
5

0
,
4
5

0
,
0
1
4

0
,
3
6

0
,
0
0
9

0
,
8
0

0
,
0
3
3

1
1
5

2
,
5

0
,
0
1
5

1
4
,
9
7

4
4
,
4

1
6
0
0

6
4
,
4

0
,
2
6
4

0
,
0
0
7

7
4
,
8

2
,
1
6

0
,
4
5

0
,
0
1
5

0
,
3
6

0
,
0
0
9

0
,
8
0

0
,
0
3
3

1
1
5

2
,
5

0
,
0
1
3

1
4
,
9
7

4
4
,
4

1
6
0
0

6
4
,
5

0
,
2
6
4

0
,
0
0
7

7
4
,
9

2
,
1
6

0
,
4
5

0
,
0
1
5

0
,
3
6

0
,
0
0
9

0
,
8
0

0
,
0
3
3

1
1
5

2
,
5

0
,
0
1
3

1
4
,
9
7

4
4
,
4

1
6
0
0

6
4
,
6

0
,
2
6
4

0
,
0
0
7

7
4
,
7

2
,
1
5

0
,
4
5

0
,
0
1
4

0
,
3
6

0
,
0
0
9

0
,
8
0

0
,
0
3
3

1
1
5

2
,
5

0
,
0
1
3

1
4
,
9
7

4
4
,
4

1
6
0
0

6
3
,
2

0
,
2
6
4

0
,
0
0
7

8
6
,
9

2
,
5
1

0
,
4
3

0
,
0
1
4

0
,
3
4

0
,
0
0
9

0
,
7
9

0
,
0
3
3

1
0
4

2
,
2

0
,
0
1
5

1
4
,
9
6

4
4
,
4

1
6
0
0

6
4
,
4

0
,
2
6
4

0
,
0
0
7

8
7
,
1

2
,
5
1

0
,
4
3

0
,
0
1
4

0
,
3
4

0
,
0
0
9

0
,
7
8

0
,
0
3
3

1
0
3

2
,
2

0
,
0
1
5

1
4
,
9
6

4
4
,
4

1
6
0
0

6
4
,
5

0
,
2
6
4

0
,
0
0
7

8
7
,
3

2
,
5
2

0
,
4
3

0
,
0
1
4

0
,
3
4

0
,
0
0
9

0
,
7
9

0
,
0
3
3

1
0
3

2
,
2

0
,
0
1
5

1
4
,
9
6

4
4
,
4

1
6
0
0

6
4
,
9

0
,
2
6
4

0
,
0
0
7

8
7
,
3

2
,
5
2

0
,
4
3

0
,
0
1
4

0
,
3
4

0
,
0
0
9

0
,
7
9

0
,
0
3
3

1
0
3

2
,
2

0
,
0
1
5

1
4
,
9
7

4
4
,
4

1
6
0
0

6
3
,
2

0
,
2
6
4

0
,
0
0
7

1
3
4
,
1

3
,
9
2

0
,
4
0

0
,
0
1
5

0
,
3
1

0
,
0
0
8

0
,
7
6

0
,
0
3
4

8
3

1
,
7

0
,
0
1
8

1
4
,
9
6

4
4
,
5

1
6
0
0

6
4
,
3

0
,
2
6
4

0
,
0
0
7

1
3
4
,
9

3
,
9
5

0
,
4
1

0
,
0
1
5

0
,
3
1

0
,
0
0
8

0
,
7
6

0
,
0
3
4

8
3

1
,
7

0
,
0
2
0

1
4
,
9
6

4
4
,
5

1
6
0
0

6
4
,
4

0
,
2
6
4

0
,
0
0
7

1
3
4
,
8

3
,
9
4

0
,
4
0

0
,
0
1
5

0
,
3
1

0
,
0
0
8

0
,
7
6

0
,
0
3
4

8
3

1
,
7

0
,
0
1
9

1
4
,
9
6

4
4
,
5

1
6
0
0

6
4
,
6

0
,
2
6
4

0
,
0
0
7

1
3
4
,
5

3
,
9
3

0
,
4
1

0
,
0
1
5

0
,
3
1

0
,
0
0
8

0
,
7
6

0
,
0
3
4

8
3

1
,
7

0
,
0
2
0

1
4
,
9
6

4
4
,
5

1
6
0
0

6
3
,
2

0
,
2
6
4

0
,
0
0
7

2
7
6
,
7

9
,
8
3

0
,
3
7

0
,
0
2
1

0
,
2
8

0
,
0
0
7

0
,
7
5

0
,
0
4
6

6
9

1
,
4

0
,
0
2
3

1
4
,
9
6

4
4
,
5

1
6
0
0

6
4
,
1

0
,
2
6
4

0
,
0
0
7

2
7
6
,
3

9
,
8
1

0
,
3
8

0
,
0
2
1

0
,
2
8

0
,
0
0
7

0
,
7
4

0
,
0
4
5

6
9

1
,
4

0
,
0
2
3

1
4
,
9
6

4
4
,
6

1
6
0
0

6
4
,
2

0
,
2
6
4

0
,
0
0
7

2
7
6
,
5

9
,
8
2

0
,
3
9

0
,
0
2
2

0
,
2
8

0
,
0
0
7

0
,
7
3

0
,
0
4
5

6
8

1
,
4

0
,
0
2
1

1
4
,
9
6

4
4
,
6

1
6
0
0

6
5

0
,
2
6
4

0
,
0
0
7

2
8
2
,
8

1
0
,
2
0

0
,
4
0

0
,
0
2
3

0
,
2
8

0
,
0
0
7

0
,
7
2

0
,
0
4
5

6
8

1
,
4

0
,
0
2
1

1
4
,
9
6

4
4
,
6

1
6
0
0

6
5
,
1

0
,
2
6
4

0
,
0
0
7

0
,
2
6

0
,
0
0
7
0

5
8

1
,
2

0
,
0
1
9

1
4
,
8
7

4
0
,
7

1
6
0
0

6
5
,
4

0
,
2
6
4

0
,
0
0
7

0
,
2
6

0
,
0
0
7
0

5
8

1
,
2

0
,
0
2
1

1
4
,
8
9

4
1
,
1

1
6
0
0

6
5
,
2

0
,
2
6
5

0
,
0
0
7

0
,
2
6

0
,
0
0
7
1

5
8

1
,
2

0
,
0
1
9

1
4
,
9
1

4
1
,
5

1
6
0
0

6
5
,
1

0
,
2
6
3

0
,
0
0
7

0
,
2
6

0
,
0
0
7
0

5
8

1
,
2

0
,
1
3

1
0
,
0
1
9

1
4
,
9
2

4
1
,
8

1
6
0
0

6
5
,
7

0
,
2
6
5

0
,
0
0
7

0
,
2
7

0
,
0
0
7
1

5
8

1
,
2

0
,
0
1
9

1
4
,
9
4

4
2
,
1

DBD
PUC-Rio - Certificação Digital Nº 0221012/CA



 192 

Tabela AII.IV (cont.): Motor MWM TD229–EC6 (1.600 rpm). 
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Tabela AII.IV (cont.): Motor MWM TD229–EC6 (1.600 rpm). 
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Tabela AII.IV (cont.): Motor MWM TD229–EC6 (1.600 rpm). 
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Tabela AII.IV (cont.): Motor MWM TD229–EC6 (1.600 rpm). 
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Tabela AII.IV (cont.): Motor MWM TD229–EC6 (1.600 rpm). 
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Tabela AII.IV (cont.): Motor MWM TD229–EC6 (1.600 rpm). 
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Tabela AII.IV (cont.): Motor MWM TD229–EC6 (1.600 rpm). 
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Tabela AII.IV (cont.): Motor MWM TD229–EC6 (1.600 rpm). 
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Tabela AII.IV (cont.): Motor MWM TD229–EC6 (1.600 rpm). 
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Tabela AII.IV (cont.): Motor MWM TD229–EC6 (1.600 rpm). 
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Tabela AII.IV (cont.): Motor MWM TD229–EC6 (1.600 rpm). 
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Tabela AII.IV (cont.): Motor MWM TD229–EC6 (1.600 rpm). 
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Tabela AII.IV (cont.): Motor MWM TD229–EC6 (1.600 rpm). 
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Tabela AII.IV (cont.): Motor MWM TD229–EC6 (1.600 rpm). 
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Tabela AII.IV (cont.): Motor MWM TD229–EC6 (1.600 rpm). 
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Tabela AII.IV (cont.): Motor MWM TD229–EC6 (1.600 rpm). 
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