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3.1.2 DIESEL CYCLE 

 

Early CI engines injected fuel into the 

combustion chamber very late in the 

compression stroke, resulting in the 

indicator diagram shown in Fig. 3-7. Due 

to ignition delay and the finite time 

required to inject the fuel, combustion 

lasted into the expansion stroke. This kept 

the pressure at peak levels well past TDC. 

This combustion process is best 

approximated as a constant-pressure heat 

input in an air-standard cycle, resulting in 

the Diesel cycle shown in Fig. 3-8. The rest 

of the cycle is similar to the air-standard 

Otto cycle. The diesel cycle is sometimes 

called a Constant· Pressure cycle. 
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The thermal efficiency of Diesel cycle: 

 

               (𝜂𝑡)𝐷𝐼𝐸𝑆𝐸𝐿 =
𝑤𝑛𝑒𝑡

𝑞𝑖𝑛
= 1 −

𝑞𝑜𝑢𝑡

𝑞𝑖𝑛
                                              (3.72) 

                                = 1 −
𝑐𝑣(𝑇4 − 𝑇1)

𝑐𝑃(𝑇3 − 𝑇2)
                                                               

                        = 1 −
(𝑇4 − 𝑇1)

𝑘(𝑇3 − 𝑇2)
                                                          

𝑇2

𝑇1
= (

𝑣1

𝑣2
)

𝑘−1

   → 𝑇2 = 𝑇1(𝑟𝑐)𝑘−1  →  𝑇1 =  
𝑇2

(𝑟𝑐)𝑘−1
                             (3.73) 

𝑇4

𝑇3
= (

𝑣3

𝑣4
)

𝑘−1

= (
𝑣2𝛽

𝑣1
)

𝑘−1

   → (
𝛽

𝑟𝑐
)

𝑘−1

  𝑇4 = 𝑇3  (
𝛽

𝑟𝑐
)

𝑘−1

                 (3.74) 

k =
𝑐𝑃

𝑐𝑣
 ,   𝛽 =

𝑇3

𝑇2
 →  𝑻𝟑 = 𝑻𝟐 𝜷     ∗  
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  (𝜂𝑡)𝐷𝐼𝐸𝑆𝐸𝐿 = 1 −

1
(𝑟𝑐)𝑘−1  (𝑇3 𝛽𝑘−1 − 𝑇2)

𝑘(𝑇3 − 𝑇2)
                                 (3.75) 

 

By substitution eq.(*) in eq. (3.75) we get: 

 

               (𝜂𝑡)𝐷𝐼𝐸𝑆𝐸𝐿 = 1 −
1

(𝑟𝑐)𝑘−1
[
 𝑇2      (𝛽𝑘 − 1) 

𝑇2 𝑘   (𝛽 − 1)   
]                               (3.76) 

               (𝜂𝑡)𝐷𝐼𝐸𝑆𝐸𝐿 = 1 −
1

(𝑟𝑐)𝑘−1
[

    (𝛽𝑘 − 1) 

 𝑘   (𝛽 − 1)   
]                                    (3.77) 

 

 

 

If representative numbers are introduced into Eq. (3-77), it is found that the 

value of the term in brackets is greater than one. When this equation is 

compared with Eq. (3-31), it can be seen that for a given compression ratio 

the thermal efficiency of the Otto cycle would be greater than the thermal 

efficiency of the Diesel cycle. Constant-volume combustion at TDC is more 

efficient than constant-pressure combustion. However, it must be 

remembered that CI engines operate with much higher compression ratios 

than SI engines (12 to 24 versus 8 to 11) and thus have higher thermal 

efficiencies. 
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