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Abstract: Pressure loss analysis is carried out in the sub parts of the control valve. Attention is devoted to 
the pressure loss on protective strainer, to the pressure loss in valve chamber and in the diffuser. The 
influence of the flow vortex under the cone on the loss in the diffuser is analysed. The flow in the valve is 
considered for specific operational characteristics of the turbine. 
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1. Introduction 

Control valves must ensure the mass flow of the steam required to drive the turbine at the required output 
level. It can be reached by a change of flow area in the valve and by adjustment of pressure ratio. With 
reduced turbine output, pressure reduction is necessary. Certain pressure and energetic loss occurs in the 
valve. With the full output, it is desirable for the loss to be the lowest. The pressure loss in the valve 
consists of a number of partial losses. The aim of the work is to map their path in the whole course of 
turbine operation and to make recommendations for minimizing losses with maximum turbine output and 
a totally open valve. 

2. Loss pressure in the valve 

The characteristic design of control valve is shown in Fig. 4. The steam enters the valve chamber through 
the protective strainer. The valve chamber is connected with the outlet diffuser via a saddle. Mass flow G 
is controlled by the change of the flow area, which is made possible by the lift of cone h. For each valve 
type it is possible to define general characteristics of the flow. An example of such characteristics can be 
found in Fig. 1. It shows the dependence of proportional flow q  = G / G* on the pressure ratio ε2 = p2 / p0c 
at the given average stroke h̅ = h / D1. The real mass flow G is related to the critical G*, which is 
considered for steam inlet parameters and for the diffuser throat area. When connecting the control valve 
with the turbine, states are applied in general flow characteristics that are valid for operational 
characteristics. With the lowered turbine output the pressure in the valve is throttled to the lowest value. 
The pressure loss is necessary in this process. As for the function, the focus is mainly on operational 
reliability. With the valve fully open the pressure loss is required to be the lowest. The graph in Fig. 2 
shows how the proportional pressure loss Δpz / p0c changes in dependence on the proportional cone stroke. 
The pressure throttling process in the valve is shown in Fig. 3. Here the pressure loss from the step 
change of cross section at the valve inlet is applied as well as the pressure loss on the protective strainer 
and also the loss caused by friction and the geometrical arrangement of the valve chamber. Steam 
expansion continues up to the diffuser throat to the pressure level p1. In this section mainly the pressure 
loss caused by friction on the saddle wall is applied. There is also the influence of cross section step 
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change in the passage from the valve saddle to the diffuser here. In the diffuser the loss by friction is 
applied as well as by the cross section enlargement, and there is also the influence of flow vortex under 
the cone. At the valve outlet even the pressure loss can be applied caused by the transition to the pipe of 
different diameter from the one at the diffuser outlet. 

 

  

Fig. 1: Valve flow 
characteristics 

Fig. 2: Proportional pressure 
loss on the valve 

Fig. 3: Pressure throttling process 
in the valve 

3. Analysis of pressure losses at the valve 

3.1 Pressure loss at the valve chamber inlet 

The inner flow area of the valve chamber is usually larger than the inlet pipe area, which leads to the 
occurrence of pressure loss caused by a sudden enlargement of the cross section. The flow characteristics 
on the valve chamber inlet are shown in Fig. 4. The pressure loss is defined as a quotient of inlet dynamic 
pressure 

 ∆𝑝𝑝𝑠𝑠𝑠𝑠 = 𝜁𝜁𝑠𝑠𝑠𝑠
1
2
𝜌𝜌0𝑐𝑐02, where 𝜁𝜁𝑠𝑠𝑠𝑠 = (0,8 ÷ 1)(1 − 1

𝑛𝑛1
)2 (1) 

Here n1 means the stage of area enlargement. The greater the steam velocity in the pipeline, the larger the 
pressure loss. In Fig. 5 proportional mass flow through the valve is processed according to experiments 
(Zarjankin, 2005) for two inlet steam velocities. Adjusting the inlet pipe decreased the inlet velocity 
from 80 m/s (curve 1) to 40 m/s (curve 2). The most significant changes are evident in the fully open 
valve with h̅ = 0.34, where with q = 0.4 the pressure loss dropped by 0.8 % of the inlet pressure. 

 

 

 
 

Fig. 4: Control valve design, diagram of the basic geometric 
parameters of the valve and flow in the valve chamber 

Fig. 5: Influence of inlet velocity on 
losses 

3.2 Loss pressure in the protective strainer 
Based on experiments (Miczan, 2016) the dependence of the strainer loss coefficient 𝜁𝜁𝑠𝑠𝑠𝑠 on 
Reynolds number is processed for a standard strainer design. It is found in Fig. 6. The pressure 
loss in the strainer is defined as 

 Δ𝑝𝑝𝑠𝑠𝑠𝑠 = 𝑘𝑘𝑠𝑠𝑠𝑠𝜁𝜁𝑠𝑠𝑠𝑠
1
2
𝜌𝜌𝑐𝑐𝑠𝑠𝑠𝑠2  (2) 

Here ksi is the correction on the influence of 3D flow inside the valve chamber. It is evident that the real 
pressure loss in the strainer can be as much as 3times bigger than its theoretical value for 2D flow. The 
share of the pressure loss that occurred in the strainer on the total pressure loss is shown in Fig. 7. With 
a fully open valve the loss in the strainer may represent up to 30 % of the total loss. 
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Fig. 6: Loss 

coefficient of 
the strainer 

Fig. 7:  Share of strainer pressure 
loss in the total pressure 

loss 

Fig. 8: Influence of valve chamber 
dimension on the loss coefficient 

value 

3.3 Pressure loss in the valve chamber  

The pressure loss in the valve chamber can be influenced by its dimensions, the shaping of the flow part. 
The designation of the dimensions of the individual parts of the valve is in Fig. 4. In Fig. 8 there is the 
course valve chamber loss coefficient ζvk for various configurations of the chamber depending on the ratio 
Dk/D1. Here the pressure loss is calculated to the dynamic pressure in the inlet pipeline. The optimal 
design of the valve chamber requires Dk/D1 ≈ 4. It is necessary to use a dividing rib (see Fig. 4) on the 
side opposite the inlet. The dividing rib prevents the occurrence of circulating flow, when the loss 
coefficient ζvk increases significantly. This corresponds with states 1 and 5 in Fig. 8. 

From the measurement and computational studies (Turecky, 2015) it is known that steam expansion in the 
valve goes up to the diffuser throat, where pressure p1 is measured. The pressure loss in the valve 
chamber is thus considered for the drop from the total pressure in the strainer psic to pressure p1 as shown 
in Fig. 3. 
 Δ𝑝𝑝𝑣𝑣𝑠𝑠 = 𝜁𝜁𝑣𝑣𝑠𝑠(𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑝𝑝1) (3) 

The loss in the valve chamber in dependence on the cone stroke for operational characteristics of the 
turbine is in Fig. 9. The pressure loss in the chamber increases with gradual opening of the valve and 
when the valve saddle area equals the diffuser throat area it reaches the maximum value, which is about 
11% of the total loss. 

3.4 Pressure loss in the diffuser 

In references, e.g. (Povch, 1974) it is possible to find the basis for the calculation of pressure loss in 
diffusers with various angles and degrees of enlargement. Ideal velocity ratios are considered in the 
diffuser inlet. However, flow vortex occurs under the cone in the valves, and in the diffusers a backflow 
zone appears. For the calculation of the pressure loss in the diffuser it is necessary to adjust the velocity 
field, to divide it into the section uninfluenced by vortex and the section with vortex and with the 
influence of the flow cross section step change. 

  

Fig. 9: Proportional pressure loss in 
the valve chamber 

Fig. 10:  Adjustment of the diffuser computational model 

If the vortex section is displaced as shown in Fig. 10, the recommended relations can be used for pressure 
loss calculation.  The diffuser loss is considered as a loss by a step change of the cross section with an 
adjustment using the mitigation coefficient φd. 

 Δ𝑝𝑝𝑑𝑑 = φd(1 − 1
𝑛𝑛2

)2(𝑝𝑝1𝑠𝑠 − 𝑝𝑝1) (4) 
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where n2 = (d2/d)2. The mitigation coefficient has two parts, the friction component φt and the extension 
component φr (φd = φt + φr). 

 φt = 𝜆𝜆
8𝑠𝑠𝑠𝑠𝑠𝑠𝛾𝛾2

∙ 𝑠𝑠2+1
𝑠𝑠2−1  a   φr = 3,2 (𝑡𝑡𝑡𝑡 𝛾𝛾

2)1,25
 (5) 

The course of individual pressure losses is processed in the graph in Fig. 11. The loss caused by friction 
on the diffuser wall is very low. The pressure loss caused by diffuser enlargement is of a greater 
importance. A share of loss is caused by the cross section step change. The missing share in the total 
pressure loss goes to the cross section step change between the diffuser inlet and outlet and also to the 
influence of flow vortex under the cone.  

 
 

Fig. 11:  Share of partial pressure losses in the 
valve. 

Fig. 12:  Mitigation coefficient of pressure loss 
from the cross section step change. 

3.5 Pressure loss from the cross section step change. 
Here enlargement is considered of the diffuser saddle area Sse to equal the diffuser outlet area. Mitigation 
coefficient φsk applies here. The pressure loss is given by the relation 

 Δ𝑝𝑝𝑠𝑠𝑠𝑠 = φsk(1 − 1
𝑛𝑛𝑣𝑣

)2(𝑝𝑝ℎ𝑣𝑣 − 𝑝𝑝ℎ1), where  𝑠𝑠𝑣𝑣 = 𝜋𝜋𝐷𝐷22

4𝑆𝑆𝑠𝑠𝑠𝑠
 (6) 

Pressure loss Δpsk constitutes the complementary pressure loss to 100 % of the total loss after deduction 
of the already considered partial pressure losses. It is shown in Fig. 11. Using equation (6) the mitigation 
coefficient φsk is defined as shown in Fig. 12. In the initial phase of the cone stroke the pressure loss is 
caused mainly by the influence of the cross section step change between the saddle and the diffuser outlet 
and also by the influence of the diffuser enlargement. The loss is the lowest when the valve saddle area 
equals the diffuser throat area. The only influence applied here is the unbalanced velocity profile caused 
by the flow vortex under the cone. For the next cone stroke the resulting pressure loss due to cross section 
step change is invariable. However, as the saddle area for the next stroke further increases and nv drops, 
the mitigation coefficient φsk goes up. 

4.  Conclusions 

The total pressure loss in the control valve is constituted by a number of partial losses. At the turbine start 
with the minimal output the pressure loss in the valve is necessary and the focus is mainly on operational 
reliability. However, for the maximum turbine output the pressure loss in the valve is required to be 
minimal. Here the emphasis is on the optimal design of the valve. ● The pressure loss in the valve can be 
influenced by the choice of valve dimensions and thus by the choice of velocity ratios in its flow part. ● 
With a fully opened valve up to 30 % of the total pressure loss falls on the protective strainer. ● The same 
share of pressure loss is caused by unbalanced velocity profile in the diffuser inlet. 
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