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 Contributions to the Study of Energy Flow at 
Supercharger Groups for Marine Engine 

Ion Serbanescu 

 

Abstract—The paper was developed using data from literature 
but also my experience in the operation of machines and 
installations on board as chief engineer. In this paper we 
defined key functional parameters that define and influence 
the energy flows of supercharging groups at ships engines 
which have to ensure safe operation for all operating regimes. 
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        I. INTRODUCTION 

Supercharging unit is freely rotatable; the gas turbines 
convert the energy flow in mechanical power that is 
transmitted to a compressor supplying air energy flow 
necessary for gas exchange in thermal cylinders engine. 
 
            II. DEFINITIONS AND OPERATING          
                PARAMETERS DETERMINATION 

A.     Hourly fuel consumption 
Functional characteristics of the engine can be presented in 
table view or graphical representations. With the processing 
of the specific fuel consumption	ܥ௘ = ݂( ௘ܲ), figure 1 [B2] 
we obtain the hourly fuel consumption of the engine, which 
can be verified by direct experimental determination. 

௛ܥ = ௘ܥ	 	. ௘ܲ ቂ
௄௚	஼௕
௛
ቃ       (1) 

Where: 
௘ܥ ቂ

௄௚	஼௕
௛
ቃ    - actual specific fuel consumption 

௘ܲ௖௬௟[ܹܭ]  - effective power corresponding to a cylinder 
௘ܲ[ܹܭ]      - actual engine power  
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Fig.1: Performance curves for marine engine MAN B&W 
[B2] 

B.      Power flow available 
Energy flow obtained by burning the fuel named energy 
flow available: 
 

ܳௗ̇ = ஼೓ொ೔
ଷ଺଴଴

 (2)              [ܹܭ]
 

௛ܥ ቂ
௄௚	஼௕
௛
ቃ  - hourly fuel consumption 

ܳ௜ ቂ
௄௃

௄௚஼௕
ቃ   - lower calorific power of fuel 
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C. Actual engine power 
Actual engine power is determined by the relation: 

௘ܲ = 	  (3)           [ܹܭ]௘ . ܳௗ̇ߟ
Or else 

௘ܲ = 	 ௘ߟ 	.
஼೓ொ೔
ଷ଺଴଴

 (4)          [ܹܭ]
Or else 

1
௘ܥ

= 	 ௘ߟ 	.
ܳ௜

3600 

 
D. Specific fuel consumption: 
 

௘ܥ = 	 ଵ
ఎ೐
	 . ଷ଺଴଴

ொ೐
ቂ௄௚	஼௕
௄ௐ௛

ቃ    (5) 

E. Effective yield: 
 

௘ߟ = 	 ଵ
஼೐

 . ଵ
ொ೔

[ - ] (6) 
 

For reference conditions ISO 3046/2002 from [B2], lower 
calorific power ܳ௜ = 42700 ቂ ௄௃

௄௚	஼௕
ቃ 

Table 1.  Functional features 

௘ܲ೎೔೗  
 {ܹܭ]

n [rpm] 
௘ܥ ൤

.	݃ܭ ܾܥ
ℎܹܭ

൨ ௜ܳ ൤
ܬܭ

ܾܥ.	݃ܭ
൨ ܭ௉ ܭ௡ 

1190 78 0.170 42700 0.5 0.743 

1785 95 0.167 42700 0.75 0.91 

2380 105 0.170 42700 1 1 

 

Where:      
 = ௉ܭ

௉೐೐ೣ೛
௉೐೙

    - load factor or power ratio 

 = ௡ܭ
௡೐ೣ೛
௡೙

     - revs report 

௘ܲ೐ೣ೛            - effective operating power 

௘ܲ೙              - nominal effective power 
݊௘௫௣            - operating revs 
݊௡                - nominal revs  
 
 
                III. FLUID FLOW 

A. Specific air flow 
 It determines for the conditions: 

a) Burning specific air flow 
b) Gas exchange specific air flow 
 
a) ݀௔ೌೝ೏ = 	݉௔௘௥೟ ௔௥ௗߙ.	 ௘ܥ.	 ቂ

௄௚	௔௜௥
௄ௐ௛

ቃ 

b) ݀௔ೌೞ೒ = 	݉௔௘௥೟ ௦௚ߙ.	 ௘ܥ.	 ቂ
௄௚	௔௜௥
௄ௐ௛

ቃ 
 
 
 
 
 

Where: 
 
݉௔௘௥೟ ቂ

௄௚	௔௜௥
௞௚	௖௕

ቃ  - theoretical air mass needed to burn 1 Kg of 
fuel; it’s determined according to elemental analysis of the 
fuel 
 
For liquid fuel: 
݉௔௘௥೟ =13,5 ÷14ቂ௄௚	௔௜௥

௄௚	௖௕
ቃ ;  

௔௥ௗߙ =1.4 ÷ 3 - excess air ratio for burning; 
௦௚ߙ =2.2 ÷ 4.6    - excess air ratio for gas exchange; 
 
B.   Specific gas flow 

݀௚ = ݀௔௦௚ + ௘ܥ	 ቂ
௄௚	௚௔௦
௄ௐ௛

ቃ        (9) 
Or else: 

݀௚ = 	 ൫݉௔௘௥೟ ௦௚ߙ.	 + 1	൯	.ܥ௘ ቂ
௄௚	௚௔௦
௄ௐ௛

ቃ  (10) 
 
 

IV. ENGINE SUPERCHARGING 

Engine supercharging is done with supercharging groups 
consisting of gas turbine an air compressor. From figure 1. 
[B2] we determine the temperature drop of the gas in the 
gas turbine. 

A. The fall of temperature turbine 

  

 

 

 

 

 

 

 

 

௘ܲ೎೔೗  
[KW] 

݇௣ Δ tan TG 
[°C] 

1190 0.5 85 
1785 0.75 120 
2380 1.00 155 

 

        Δ tg TG = 	 tgଵ − tgଶ [°C]; 
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B. Temperature rise in the compressor 
Air temperature increase in the air compressor 
 
 Δ	tୟ୏ = 	Δ	Tୟ୏  ;   Δ	tୟ୏ = 	 t୰ୣ୤ −	 t଴[°C] 
   Δ	Tୟ୏ = 	T୰ୣ୤ −	T଴[ܭ] 

C.  Boost energy flows on supercharging aggregate 
Supercharger group in free rotation requires energy balance 
between drive powers of compressor whit the effective 
power of the gas turbine. 

a) The power required to drive the compressor 

௔ܲ௡௧ೃ = 	 ଵ
ఎೖ
	 . ௗೌೞ೒	.௉೐

ଷ଺଴଴
	.		ܿܽ	.Δ	tୟ୏[KW]       (11) 

b) Effective power turbine 

௘ܲ೅ಸ = 	 ீ்ߟ 	.
ௗ೒	.௉೐
ଷ଺଴଴

	.		ܿ݃	.Δ	t୥౐ృ[KW]         (12) 
And 
௔ܲ௡௧಼ = 	 ௘ܲ೅ಸ[KW]                                         (13) 

Ca ቂ ௄௃
௄ீ	.௚௥ௗ

ቃ  - air specific heat;    Cg ቂ ௄௃
௄ீ	.௚௥ௗ

ቃ   - gas 
specific heat; 
 effective -  ீ்ߟ ;௞     - effective yield of the compressorߟ
yield of the gas turbine; 
According to the relation (13) we obtain: 
ଵ
ఎೖ
	 .݀௔௦௚	.ܽܥ	.Δ	tୟ୏ 	= 	 ீ்ߟ . dg	. Cg	.Δ	t୥୘ୋ    (14) 

 
And results are: 
Δ	t୥౐ృ = ଵ

ఎೖ 	.ఎ೅ಸ
	 . ௗೌೞ೒
ௗ೒೅ಸ

	 . ஼௔
஼௚
	 .Δ	tୟ୏[°C]           (15) 

And 
Δ	tୟ୏ = 	 ௞ߟ ீ்ߟ.	 	.

ௗ೒೅ಸ
ௗೌೞ೒

	 . ஼௚
஼௔
	 .Δ	୲ౝ౐ృ [°C]       (16) 

 
Yield of the supercharging group: 
ௌ஺ீߟ = 	 ௞ߟ  ௘೅ಸ                                                   (17)ߟ.	
 
Discharge temperature from the supercharging air 
compressor: 

௥ܶ௘௙ೖ = 	 ଴ܶ . ቀ
௉ೝ೐೑
௉బ
ቁ
೙ೄష	భ
೙ೄ  (18)             [ܭ]

Where: 
଴ܶ[ܭ]     - ambient air temperature 
଴ܲ[ܾܽݎ] - ambient air pressure  
݊ௌ          - polytrophic compression exponent of the air 
inside the compressor 
 
Relation (15) becomes: 

Δ	୲ౝ౐ృ = ଵ
ఎಸೄಲ

൬
௠ೌ೔ೝ೟	.ഀೞ೒

௠ೌ೔ೝ೟ .		ఈೞ೒ା	ଵ
൰	 . ቀ஼௔

஼௚
ቁ	 .Δ	tୟ୏[°C]  (19) 

 
Relation (16) becomes: 

Δ	tୟ୏ = 	 ௌ஺ீߟ 	.ቆ
௠ೌ೔ೝ೟ .		ఈೞ೒ା	ଵ

௠ೌ೔ೝ೟	.ഀೞ೒
ቇ	 . ቀ஼௚

஼௔
ቁ	 .Δ	୲ౝ౐ృ [°C]     (20) 

 
The discharge pressure of the air is determined from Fig 1 
[B2] 

The yield ீߟௌ஺ is determined from Fig 2 [B1] 
 

 
 

Fig. 2:   Range of turbocharger efficiency     [B1] 
 
             

Table 2 – Functional characteristics for the supercharging 
group 

௣ܭ  ଴ܶ 
 [K] 

݊ௌ ௥ܲ௘௙ 
 [bar] 

௥ܶ௘௙  
 [K] 

Δ	tୟ୏ 
[°C] 

 ୲ౝ౐ృ	ௌ஺ Δீߟ
[°C] 

0.5 318 1.35 2.00 381 63 0.62 83 
0.75 318 1.35 2.80 415 97 0.65 121 
1.00 318 1.35 3.80 449 131 0.68 157 

 
 
V.  DETERMINATION OF AIR EXCESS 

A.   Mass of fuel injected per cycle  
For the cyclic functioning of the engine is determined 
The number of cycles per minute ஼ܰ೘ = ଶ௡

ఛ
ቀ௖௬௖௟௘௦

௠௜௡
ቁ 

The number of cycles per second ஼ܰೄ = ଶ௡
ఛ
	 . ଵ
଺଴
ቀ௖௬௖௟௘௦

௦
ቁ 

The number of cycles per hour ஼ܰ೓ = ଶ௡
ఛ
	 .60 ቀ௖௬௖௟௘௦

௛
ቁ 

Where: 
݊ ቀ ௥௢௧

௠௜௡
ቁ - RPM of the engine; 

߬ - number of races the piston perform for one engine cycle 
߬ = 2 - for M2T engines – the piston performs 2 races per 
cycle; 
߬ = 4 - for M4T engines – the piston performs 4 races per 
cycle; 
݉௖ = 	 ቂ௄௚	௖௕

௖௬௖௟௘
ቃ - fuel mass injected per cycle 

݉௖ =
௖೐	.௉೐೎೔೗
మ೙
ഓ 	.଺଴

ቂ௄௚	௖௕
௖௬௖௟௘

ቃ         (21) 

 
Table 3 – Fuel mass injected per cycle 

 
௣ܭ ௣ܭ   

	௘ܥ ൤
݇݃	ܾܿ
ℎܹܭ

൨ ݊ ൤
ݐ݋ݎ
݉݅݊

൨ ߬ ݉௖ ൤
ܾܿ	݃ܭ
݈݁ܿݕܿ

൨ ܮ	. ܫ
=
݉௖	௘௫௣

݉௖	௡
 

0.5 0.5 0.170 78 2 0.04323 0.660 
0.75 0.75 0.167 95 2 0.0523 0.815 
1.00 1.00 0.170 105 2 0.0642 1.00 
 
Where: 
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L . I – load indicator; ݉௖	௘௫௣ - fuel mass injected into 
operation;   ݉௖	௡ - fuel mass injected into nominal 
conditions 
B. Air mass needed per cycle for burning 

݉௔௜௥೎೤೎೗೐ = 	݉௔௜௥೟ ௔௥ௗߙ.	 	.݉௖ ቂ
௞௚	௔௜௥
௖௬௖௟௘

ቃ       (22) 
 
 

Table 4 – Air mass needed per cycle for burning 
 

݉௔ 

൤
ݎ݅ܽ	݃݇
݈݁ܿݕܿ

൨ 

݉௔௘௥೟  

൤
ݎ݅ܽ	݃݇
݇݃	ܾܿ

൨ 
݉௔௜௥೎೤೎೗೐ ൤

ݎ݅ܽ	݃݇
݈݁ܿݕܿ

൨ =  (ߙ)݂

1.4 1.6 1.8 2 2.2 2.5 2.8 
0.0432
3 

13.6 0.82
3 

0.94
1 

1.058 1.1
8 

1.2
9 

1.47 1.65 

0.0523 13.6 0.99
6 

1.14 1.28 1.4
2 

1.5
6 

1.78 1.99 

0.0642 13.6 1.22
2 

1.39
7 

1.571
6 

1.7
5 

1.9
2 

2.18
3 

2.44
4 

 
C. Determination of air excess for the reference engine 
For the reference engine from [B1] 
D = 0.6 [m] – cylinder diameter;    S = 2.4 [m] –piston 
stroke 
The volume of the piston race is determined by: 

ௌܸ = గ	.		஽మ

ସ
	 .ܵ	[݉ଷ] ; ௌܸ = 0.6786	[݉ଷ] 

ε= 14.45 – the compression ratio 
Combustion chamber volume - the minimum volume of 
engine fluid 
஼ܸ஺ = 	 ௠ܸ௜௡೑ = ௏ೄ

ఢିଵ
 ; ஼ܸ஺ = 0.0504	[݉ଷ] 

The volume of the piston race affected by the presence of 
window streak 
ி஻ߖ = 0.09	÷ ி஻ߖ   ;0.12 = ௛ಷಳ

ௌ
 ;  

ℎி஻[݉] - the height of window streak 
ிܸ஻ = 	 ௌܸ ி஻ߖ. ;  ிܸ஻ = 0.06786	[݉ଷ] 

 
At the end of the gas exchange, the covering of the window 
streak, the air needed for burning is retained in the volume: 
௔ܸ௘௥೎೔೗ = 	 ௌܸ + 	 ஼ܸ஺ −	 ிܸ஻[݉ଷ]          (23) 

௔ܸ௘௥೎೔೗ = 0.66114 ቂ݉
ଷ
ൗ݈݁ܿݕܿ ቃ 

For this volume is calculated the air mass needed for one 
cycle: 
݉௔௘௥೎೔೎೗ೠ =

௉ೌ೐ೝ೎೔೗ 	.௏ೌ ೐ೝ೎೔೗
ோ	்ೄ

ቂ௞௚	௔௜௥
௖௬௖௟௘

ቃ     (24) 

ܴ = 0.286	 ቂ ௄௃
௄௚	௚௥ௗ

ቃ ; ௌܶ =  [ܭ]	360
 
Results: 
݉௔௘௥೎೔೎೗ೠ = 2.44 ቂ௞௚	௔௜௥

௖௬௖௟௘
ቃ		for which corresponds the air 

excess coefficient ߙ௔௥ௗ = 2.795 correspondent to the 
nominal operating system for which was projected and 
planed the engine. 
                                

VI. CONCLUSION 

1.  Monitoring functional parameters allow correlation with 
geometric engine parameters for safe operation by 
preventing thermal and mechanical overloads; 

2. Mass and energy flows of the supercharging unit depend 
on the engine load, ambient parameters but also fuel 
quality; 

3.  Using calculation and experimental determinations 
permit correct interpretation of the functional interactions 
between the combustion engine and supercharger unit; 

4. The reference values of functional parameters can be 
presented in tabular or graphic, by the designer and 
manufacturer and must be used for comparison in various 
situations of exploitation; 

5. Correlation boost energy flows on supercharging 
aggregate can be done by comparing the functional 
parameters of the flue gas flow. 
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