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Abstract - Few years ago, “condenser steam dumps” or more appropriately “steam turbine bypass systems” were out of line 
items, only occasionally supplied. These days, steam turbine bypass systems are required for most new condensers in power 
projects. Due to potential for serious damage to the condenser and its internals by poor quality steam dump, it is essential 
that proper design principles be incorporated at the earliest stage of design. With space becoming imperative for the 
condensers, it is important that guidelines for the design and operation of steam turbine bypass system especially steam 
dumps be discussed. This paper examines factors affecting the design of steam dump device in turbine bypass system and 
gives methodology to be used to design steam dump device for surface condensers. 
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I. NOMENCLATURE 
 

A  Dump pipe cross sectional area 
(ft2) 

A  Total orifice area required (in2) 
A  Steam jet impact area (in2) 
A  Actual equivalent orifice area 

required (in2) 
Cd Coefficient of Discharge 

D  Inner diameter of dump pipe (ft) 
d  Orifice diameter (in) 
d  Diameter of jet at impact (in) 
g Gravitational acceleration = 

32.174 ft/s2 
h  Total heat of the steam at the 

higher pressure i.e. dump steam 
pressure (Btu/lb.) 

h  Total heat of the steam after 
isentropic expansion to the lower 
pressure (Btu/lb.) 

h  Enthalpy of mixture (steam + 
curtain water) (Btu/lb) 

h  Steam enthalpy (Btu/lb) 
h  Curtain water enthalpy (Btu/lb) 
J Joules equivalent = 778 ft-lbs. 
L Safe distance (in) 
L  Non-dimensional supersonic 

length 
L  Length of dump pipe (ft) 
l  Supersonic length 
M Mach No 

m  Total mixture flow (steam + 
curtain water) (lb/hr) 

m  Total steam flow into condenser 
(lb/hr) 

m  Curtain water flow into condenser 
(lb/hr) 

N Number of orifice 
n Isentropic exponent 

P  Critical pressure 
P  Dump steam pressure 
P  Throat pressure 
P  Condenser operating pressure 

P  Axial pitch (in) 

P  Radial Pitch (in) 

R Inner radius of dump pipe (in) 
S Number of rows of orifice 
V Velocity acquired by the steam 

(ft/s) 
V  Steam inlet velocity (ft/s) 
W Steam Quantity (lb/hr) 
ν  Specific volume at pressure P1 

(ft3/lb) 
ν  Specific volume at pressure P2 

(ft3/lb) 
ν  Specific volume at pressure P3 

(ft3/lb) 
휃 Minimum angle between 

successive rows (radian) 
 
II. INTRODUCTION 

 
A turbine bypass system consists of pressure reducing 
valve, desuperheater, separator, steam dump device, 
and control valves. The system allows operation of 
the boiler independently from the steam turbine 
during situations such as turbine trip,start-up, 
commissioning, and load alternations. The 
maintenance of stable and reliable boiler operation 
following incidents affecting the turbine generator 
power output level is a fundamental objective of the 
turbine bypass system.During operation of the turbine 
bypass system, steam from the main steam line from 
boiler bypasses the main turbine and enters directly to 
the main condenser.The design and sizing of steam 
turbine bypass systems depends on the operational 
requirements impressed on the bypass system. 
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The HEI standards for steam surface condensers [1] 
gives limits for maximum enthalpy and pressure of 
bypass drain or bypass steam allowed to enter into the 
condenser. As per HEI maximum enthalpy and 
pressure of bypass steamshould be around 2850kJ/kg 
and 18bar(a) respectively. The HEI standards also say 
that the superheat in the bypass steam should be 
within 25°F to 75°F. Wet steam is not permitted. 
Although the guidelines for enthalpy, pressure, and 
superheat are provided, guidelines for selecting the 
proper temperature are not highlighted in these 
standards. 
1.1 Phenomenon of Bypass 
Bypass steam with excessive velocities can cause 
severe damage to the condenser internals. Damaged 
bypass headers, sheared tubes and damage to internal 
structural members have been frequently encountered 
during bypass operation. Excessive temperature in the 
bypass steam also has a potential to cause damage to 
the condenser internals. For safe and reliable 
operation, the temperature of the bypass steam must 
be controlled. To reduce temperature of the bypass 
steam exhaust neck of condenser is equipped with 
“Spray Curtains”. The spray curtain sprays a fine mist 
of cold condensate in order to reduce the temperature 
of the bypass steam. Spray curtains are also discussed 
in this paper. 

 
II. DESIGN 
 
2.1 Orifice Area Requirement Calculation 
Total required orifice area is calculated by applying 
SFEE, considering isentropic expansion through 
orifice. 

 
Fig.1.Drain Flow through Orifice 

 
Condition 1:- In Steam dump pipe/ header. 
Condition 2:- At Throat (Vena Contracta). 
Condition 3:- In Condenser. 
Critical Pressure,[2] 
P = 0.58 × P ........ (For saturated steam)  
P = 0.545 × P …..(For superheated steam)  
If P3 is greater than PC, in this case the state of the 
exhaust steam (velocity, temperature, pressure) will 
be same as the surrounding steam at some distance 
from the exit of the orifice and the exhaust steam is in 
thermodynamic balance with the surrounding steam 
hence, P2 = P3.  
If P3 is equal or less than PC, then P2 = PC. 
 
2.1.1 Isentropic Expansion through Orifice 
The equilibrium process for the expansion of steam 
for the critical flow condition is shown in the Mollier 
chart in Fig.2 

 
Fig.2. Expansion of Steam through Orifice on h-s diagram 

 
Under equilibrium, as steam passes through the 
orifice, enthalpy decreases while the kinetic energy 
increases as the fluid accelerates (1-2). After the 
orifice, non-isentropic expansion continues with 
recovery of enthalpy as the fluid decelerates (2-3), 
thus the entire process (1-3) is ideally isenthalpic 
process. However it consists of following stages 
1-2: Isentropic expansion process through orifice.  
2-3: Heat addition by non-isentropic expansion up to 
condenser pressure P3. 
dh = h1 – h2; Change in enthalpy based on isentropic        
expansion. 
Steam Mass Flow =W =

ν
 

Where, from S.F.E.E; 
V = 2	g	J	dh                        [3] 

V = 223.7 h − h  
A = A × C  

∴W = . ×√ × ×
ν

 
Taking Coefficient of Discharge, Cd = 0.6 (may be 
taken as standard for sharp edge orifice) [8]& 
applying conversion factors; 

퐴 ≈
W × ν

3350 × √dH
 

 
2.2 Number of Orifice required 
In order to calculate required number of orifices 
designer can select appropriate standard size of 
orifice. 

N =
A

π × d
 

 
2.3 Safe distance 
Safe distance is defined as the distance within which 
the bypass steam from header or more correctly dump 
pipe causes damage to structural members. Structural 
members thus should not be located within the safe 
distance. Moreover arrangement must be made for 
protection of structural members located within the 
safe distance from direct impingement of bypass 
steam. It has been a standard industry practice to 
provide impingement protection for the tubes. 
Typical practice has been to increase the wall 
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thickness and or change the material of the tubes in 
the impingement zone. Typically few rows of dummy 
tubes are provided above the impingement tubes to 
protect the active tubes. The dummy tubes extend 
betweenfirst and last support plate and are placed in 
such a way that they prevent a direct line of sight 
between the incoming steam and the main working 
tubes.  
The suggested safe distance or spacing between the 
source of jet and internal component of condenser is 
derived from data given by Nagamatsu and Horvay 
[4]. These authors found that the magnitude of the 
impact pressure and acoustic power in the supersonic 
jet from the orifice hole drop off sharply after the 
point at which the local jetMach number reaches one.  
 
Thus, a suggested spacing between the orifice hole 
and the nearest surface of condenser internal is: 
L = 1.8 × L × d = 1.8 × l  
Where,d2is the diameter of the orifice hole and LS is 
the supersonic length, and 1.8 is additional safety 
factor. Supersonic length can be derivedfrom 
equation given by Nagamatsu and Sheer [5], graph 
for this is replotted here as Fig.3  

 
Fig.3. Supersonic length of jets 

 
The dump pipe must be provided with the smallest 
diameter orifices. It should be noted that the smaller 
the diameter of the orifice hole the smaller is the safe 
distance. 
The steam jet Mach number is defined from the dump 
steam flow total pressure P1, the condenser pressure 
P3, and the isentropic exponent n by: 

M= − 1                     [6] 

For the purpose of this work, steam is usually 
superheated and n = 4/3 for steam flow is sufficiently 
accurate so the relation becomes: 

M= 6 − 1  

2.4 Spacing of orifice holes / Axial Pitch 
calculation 
Jet of steam from dispersion orifices will reach high 
velocities in sonic range. If these high velocity jets 
overlap before they travel a distance L i.e safe 
distance, unstable flow conditions will occur with 
high turbulence and noise which can damage 
condenser internals. Thus, to avoid overlap of the 
jets, within distance L from the orifice, the spacing 
between holes must be equal to the diameter of jet 
impact areaA3or Paxial = d3. 
 

 
Fig.4. Axial Pitch Calculation 

 
If the impact area is assumed to be proportional to a 
ratio of the specific volumes [7], then 

 = ν
ν

   or    = ν
ν

 

∴Paxial =d3 = d2×
ν
ν

 

Paxialis the minimum axial pitch to be provided. 
Actual axial pitch provided must be greater than 
required minimum axial pitch. If for provided axial 
pitch the resulting dump pipe length becomes too 
great for a single row of orifices, in such cases 
number of rows of orifices can be increased. 
 
2.5 Dump pipe sizing 
Sizing the cross section of dump pipe is based on 
steam mass flow, specific volume and velocity of 
steam at inlet to pipe. 
A1 =

×ν
×

 

Diameter of pipe; Ddp = 
π

 

Length of dump pipe; Ldp = ×  
 
Here,‘S’ is no. of rows of orifice provided (decided 
by designer). 
 
2.6 Minimum row spacing / Radial Pitch 
calculation 
If the header or in other words dump pipe design 
requirement is such that more than one row of 
orifices is needed along the same side of the header, 
then it is must to consider limits for the spacing of 
rows. This spacing does not have to be as great as that 
between orifices, since we can allow for the curvature 
of the header having particular radius. 
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Fig.5. Radial Pitch Calculation 

 
From Fig.5, 

θ =
P

R =
D

R + L =
d

R + L 
 
∴P  = ×d3 
 
But d3= Paxial 
 
∴P = ×Paxial 
However, it is not recommended that this spacing be 
less than the value of 3d2. 
Minimum angle to be provided between successive 
rows, 
θ = ×  

 
III. CURTAIN SPRAYS  
 
During turbine bypass operation some part of the high 
temperature bypass steam may enter into the turbine 
exhaust hood and heat the turbine internals and the 
metal or rubber expansion joint. Thus curtain spray 
systems are strongly recommended to bedesigned and 
installed to operate along with steam bypass lines. 
Both steam turbine and main expansion joint 
manufacturers may have temperature limitations that 
need to be adhered to. A curtain spray systems are 
installed to protect the exhaust hood and/or main 
expansion joint from the heat generated during steam 
bypass operation and keep temperature within 
specified limit. HEI standards [1] recommend that the 
curtain spray should be designed to maintain a 
temperature below 200 Deg.F.  
A spray curtain, if required, should be typically 
located downstream of the expansion joint.Metallic 
expansion joints such as stainless steelexpansion 
joints are more resistant to fluctuations in 
temperature, but rubber expansion joints especially 

neoprene rubber expansion joints are vulnerable to 
higher temperatures.The spray nozzles should spray 
cold condensate in the form of a fine mist withfull 
coverage of the cross-section during bypass 
operation.In order to achieve full coverage, special 
spray nozzles are often utilized,Fig.6. These ensure 
that the curtain sprays provides a fine mist to 
facilitate maximum cooling of the bypass steam and 
also ensure that large water droplets are avoided. 
 

 
Fig.6. Typical nozzle employed in curtain sprays [9] 

 
Quantity of curtain water required can be calculated 
using following mass and heat balance, 
ms+mw = mmix 
& 
mshs+mwhw = mmixhmix, respectively. 

In some situations, it may be best to send a 
number of high energy drains to a single flash tank. 
The purpose of a flash tank is to safely accommodate 
all high energy drains in one location, away from the 
main condenser. So, flash tanks provide the best 
technical solution to accommodate high energy 
drains, though sometimes at additional cost as 
additional infrastructure piping, controls and spray 
systems may be required.The addedadvantage of 
using an external flash tank is that the design 
guidelines for admission into a surface condenser can 
be safely satisfied bygrouping high energy drains 
together. With a properly designed flash tank the 
benefit is that damage to the condenser from high 
energy drains would be avoided. 
 
CONCLUSION 
 
Proper design and location ofsteam dump device is 
essential to maintain high plant reliability and 
minimize maintenance costs. As discussed above 
proper design of steam dumps depends on various 
factors. First and foremost is calculating required 
orifice area based on inlet steam flow condition. 
Number of orifice can be calculated once designer 
decides upon the size of orifice. Another important 
factor is safe distance, smaller the diameter of the 
orifice the smaller the safe distance. Axial and Radial 
pitch must be calculated keeping in mind that two 
steam jets through adjacent orifices will not overlap 
within safe distance. Curtain spraysare strongly 
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recommended to bedesigned and installed to operate 
along with steam bypass lines as excessive 
temperature in the bypass steam has a potential to 
cause serious damage to the condenser components. 
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