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3.1.3 DUAL CYCLE 
 

If Eqs. (3-31) and (3-77) are compared, it can be seen that to have the best of 

both worlds, an engine ideally would be compression ignition but would 

operate on the Otto cycle. Compression ignition would operate on the more 

efficient higher compression ratios, while constant-volume combustion of the 

Otto cycle would give higher efficiency for a given compression ratio. 

 

The modern high-speed CI engine accomplishes this in part by a simple 

operating change from early diesel engines. Instead of injecting the fuel late 

in the compression stroke near TDC, as was done in early engines, modern CI 

engines start to inject the fuel much earlier in the cycle, somewhere around 

20° bTDC. The first fuel then ignites late in the compression stroke, and some 

of the combustion occurs almost at constant volume at TDC, much like the 

Otto cycle. The resulting cycle shown in Fig. 3-9 is a cross between an SI 

engine cycle and the early CI cycles. The air-standard cycle used to analyze 

this modern CI engine cycle is called a Dual cycle, or sometimes a Limited 

Pressure cycle(Fig. 3-10). It is a dual cycle because the heat input process 

of combustion can best be approximated by a dual process of constant 

volume followed by constant pressure. It can also be considered a modified 

Otto cycle with a limited upper pressure. 
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Thermodynamic Analysis of Air-Standard Dual Cycle 

 

The analysis of an air-standard Dual cycle is the same as that of the Diesel 

cycle except for the heat input process (combustion) 2-x-3. 
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The thermal efficiency of Dual cycle: 

 

  (𝜂𝑡)𝐷𝑢𝑎𝑙 =
𝑤𝑛𝑒𝑡

𝑞𝑖𝑛
= 1 −

𝑞𝑜𝑢𝑡

𝑞𝑖𝑛
                                              (3.88) 

                                = 1 −
𝑐𝑣(𝑇4 − 𝑇1)

[𝑐𝑣(𝑇𝑥 − 𝑇2)] + [𝑐𝑝(𝑇3 − 𝑇𝑥)]
 

                        = 1 −
(𝑇4 − 𝑇1)

[(𝑇𝑥 − 𝑇2)] + [𝑘(𝑇3 − 𝑇𝑥)]
 

 

        𝑣𝑥 = 𝑣2,
𝑃𝑥

𝑃2
= 𝛼 =

𝑇𝑥

𝑇2
→    𝑻𝟐 =

𝑻𝒙

𝜶
                    (3 − 89)  

 

   𝑃𝑥 = 𝑃3,
𝑣3

𝑣𝑥
= 𝛽 =

𝑇3

𝑇𝑥
→    𝑻𝟑 = 𝑻𝒙 𝜷                    (3 − 90) 

 

 

𝑇4

𝑇3
= (

𝑣3

𝑣4
)

𝑘−1

= (
𝑣𝑥𝛽

𝑣1
)

𝑘−1

(
𝑣2𝛽

𝑣1
)

𝑘−1

= (
𝛽

𝑟𝑐
)

𝑘−1

→  𝑇4 = 𝑇3 (
𝛽

𝑟𝑐
)

𝑘−1
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𝑏𝑦 𝑠𝑢𝑏𝑡𝑖𝑡𝑢𝑡𝑖𝑛𝑔 𝑖𝑛 𝑒𝑞. (3 − 90)     𝑻4 = 𝑻𝒙

𝜷𝐤

(𝐫𝐜)𝐤−𝟏
              (3 − 91)  

𝑇2

𝑇1
= (rc)k−1  → 𝑇1 =

𝑇2

(rc)k−1
 →  𝑻𝟏 =  

𝑻𝒙

𝛂 (𝐫𝐜)𝐤−𝟏
                            (3 − 92)  

 

 

By subtituting eqs. (3-89),(3-90),(3-91),(3-92) in eq. (3-88) we get: 
 

 (𝜂𝑡)𝐷𝑢𝑎𝑙 = 1 −
𝑻𝒙

𝜷𝐤

(𝐫𝐜)𝐤−𝟏
  −   

𝑻𝒙

𝛂 (𝐫𝐜)𝐤−𝟏

[(𝑇𝑥 −
𝑇𝑥

𝛼
)] + [𝑘(𝑇𝑥 𝛽 − 𝑇𝑥)]

 

 

= 1 −

𝟏

(𝐫𝐜)𝐤−𝟏
 𝑇𝑥(𝛽𝑘   −   

𝟏

𝜶
 )

𝑇𝑥 [(1 −
1

𝛼
) + [𝑘( 𝛽 − 1)]]

 

 

   ∴      (𝜂𝑡)𝐷𝑢𝑎𝑙    = 1 −
1

(𝐫𝐜)𝐤−𝟏
[

(𝜶 𝛽𝑘 −  𝟏 )

(𝛼 − 1) + [𝛼𝑘( 𝛽 − 1)]
]               (3 − 93)  

 

 

EXAMPLE PROBLEM 3-2 

 

A small truck has a four-cylinder, four-liter CI engine that operates on the air-

standard Dual cycle (Fig. 3-10) using light diesel fuel at an air-fuel ratio of 

18. The compression ratio of the engine is 16:1 and the cylinder bore diameter 

is 10.0 cm. At the start of the compression stroke, conditions in the cylinders 

are 60°C and 100 KPa with a 2% exhaust residual. It can be assumed that half 

of the heat input from combustion is added at constant volume and half at 

constant pressure. 

Calculate: 

 

1. temperature and pressure at each state of the cycle 

2. indicated thermal efficiency 

3. engine volumetric efficiency   
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Solution: 
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