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A combined heat and power SVstem comprising a Stirlin 21) Appl. No.: 10/546848 p y pr1S1ng 9. 
(21) Appl. No 9 engine (1) the head (2) of which is heated by a burner. Aheat 
(22) PCT Filed: Mar. 10, 2004 exchanger (10) absorbs heat from exhaust gases from the 

burner which have heated the engine head. A Supplementary 
(86). PCT No.: PCT/GBO4/OO985 burner (22, 23) generates additional heat which is directly 

S 371(c)(1), 
(2), (4) Date: Nov. 22, 2006 

absorbed by the heat exchanger. The supplementary burner 
is a multi-stage burner with separate stages (22, 23) which 
are independently controlled. 
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SPLTTER VALVE 

0001. The present invention relates to a splitter valve for 
splitting a single fluid stream into two streams. 
0002. Such valves are known in the art and are primarily 
used to handle powders, dry solids and slurries, although 
Some types are available that can handle liquids or gases. 
0003. There are two main types of splitter valves. One is 
a Y line diverter, which contains a poppet whose position is 
adjustable to proportion incoming flow between two outlets. 
The second type of splitter is primarily used for liquid. 
Instead of using moving parts, the flow stream is altered by 
pneumatic pressure differential pumping. 

0004 U.S. Pat. No. 4,169,354 discloses an air/gas 
diverter. This uses a butterfly valve to vary the proportion of 
flow that is directed through two parallel ducts. U.S. Pat. No. 
3,905,193 describes a diaphragm valve diverting air flow 
away from an exhaust system, with the proportion of flow 
directed to each outlet duct controlled by an exhaust mani 
fold vacuum. 

0005 U.S. Pat. No. 5,184,592 discloses a diverter valve 
for a premix flow providing variable flow to two outlet 
streams. The application is for internal combustion engines, 
with an atmospheric air intake to the valve. The splitter valve 
is used to vary the proportion of the incoming charge sent 
through the preheater after mixing. The degree of preheating 
is used to vary the density of the fuel: air charge and 
therefore torque. The arrangement is designed to be a 
replacement for a conventional throttle. The actual detail of 
the valve design is not disclosed. 
0006 The present invention is primarily intended for use 
in a gas-fired domestic appliance, and more particularly, a 
domestic combined heat and power system using a linear 
free piston Stirling engine. In such a device, the Stirling 
engine can provide a certain amount of heat. However, in 
order satisfy the overall domestic heat requirement, a 
Supplementary burner is required. Both the Stirling engine 
burner and the Supplementary burner require a Supply of fuel 
and air. The two supplies can be independent. However, this 
introduces complexity also problems with hot gases from 
one burner being drawn back through an inactive burner. 
Therefore, preferably, the two burners are supplied with air 
from a single fan which is then split by a splitter valve into 
separate streams. 

0007. However, under the circumstances, the control of 
the splitter valve to ensure correct flows to the two burners 
is complicated by the non-linear operating characteristic of 
a simple Vane-style diverter valve. The variation in flow 
through each pathway leaving Such a valve is not uniform as 
the vane moves from one extreme to the other. It has been 
found that the flow in each outlet varies very little as the 
Vane moves across the centre of the junction. In Such a 
design, for each outlet, approximately 80% of the total 
change in flow occurs over the extreme 20% of the vane 
position. When the flow in each stream needs to be con 
trolled using a combination of the fan speed and Vane 
position, stable and robust control is difficult to achieve. 
0008 According to a first aspect of the present invention 
there is provided a splitter valve for splitting a single fluid 
stream into two streams, the valve comprising a vane 
rotatable through a range of positions across an orifice to 
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vary the ratio of the single fluid stream diverted to the two 
streams, wherein the orifice is profiled such that there is a 
Substantially linear relationship between the angular posi 
tion of the vane and the ratio of the fluid diverted to the two 
StreamS. 

0009. As the profiled orifice provides a substantially 
linear relationship between the angular relationship of the 
Vane and the ratio of fluid diverted to the two streams, robust 
flow control is provided across the range of movement of the 
valve. 

0010) A splitter valve of this type can cause significant 
turbulence in the fluid passing through the valve. This can be 
overcome by design modifications tailored to match the 
nature of the flow path. Once such modification involves the 
addition of a ramp extending along the inner Surface of 
either flow passageway downstream of the valve reducing 
the flow area and then increasing it again, positioned so as 
to direct the flow and minimise turbulence. In an alternative 
design a laminarising device is provided in each of the two 
streams downstream of the splitter valve. 
0011. The laminarising device is preferably a plate with 
a plurality of apertures, but may also be a device with a 
significant dimension in the direction of flow which effec 
tively provides a plurality of tubes through which the fluid 
flows. 

0012. This aspect of the invention may also be used 
independently of the first aspect. In this case, the second 
aspect of the invention may be broadly defined as a heating 
appliance comprising first and second burners, a Supply of 
air, a splitter valve for splitting the Supply of air into a stream 
feeding the first burner and a stream feeding the second 
burner, means for feeding combustible fuel to mix with the 
air, a controller for controlling the combustible fuel flow and 
a proportion of the air fed to each burner dependent on the 
appliance requirements, and a laminarising device for each 
of the stream feeding the first burner and the stream feeding 
the second burner positioned downstream of the splitter 
valve. 

0013 The laminarising device is preferably a plate with 
a plurality of apertures, but may also be a device with a 
significant dimension in the direction of flow which effec 
tively provides a plurality of tubes through which the fluid 
flows. 

0014) An example of a splitter valve in accordance with 
the present invention will now be described with reference 
to the accompanying drawings, in which: 
0015 FIG. 1 is a perspective view of the valve casting 
with top plate removed; 
0016 FIG. 2 is a cross-section through line A-A in FIG. 
1 showing the profiled orifice: 
0017 FIG. 3 is a cross-section through line Y-Y in FIG. 
1; 

0018 FIG. 4 is a cross-section through line X-X in FIG. 
1; 
0019 FIG. 5 is a graphical representation of the flow 
characteristics of a uniform orifice; 
0020 FIG. 6 is a similar representation of the flow 
characteristics of a profiled orifice; 
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0021 FIG. 7 is a control map of the vane angle and fan 
speed characteristics for a dual burner, and 
0022 FIG. 8 is a schematic diagram of the air and gas 
Supply to a dual burner system. 
0023 The valve casting of FIG. 1 has an air inlet port 1 
having a curved shape as shown in FIG. 3. Two outlet ports 
2.3 lead from the valve casting. The first of these is provided 
with a perforate plate 14. Ducting for the outlet port is 
provided on the bottom plate and ducting for the outlet parts 
is provided on the top plate (not shown). 
0024. Between the inlet duct 1 and the outlet ducts 2,3 is 
a splitter valve comprising a vane 5 which is rotatable about 
the spindle 6 under the control of a servo motor (not shown). 
Two valve seats 7.8 are provided in the casting to seat the 
Vane 5 at the two extremities of its travel. When the valve is 
seated on seat 7, substantially all of the flow is directed to 
the second outlet 3, while when the valve is seated on seat 
8, substantially all of the flow is directed to the first outlet 
2. Immediately upstream of the vane 5 is a profiled plate 9. 
the downstream face of which has an arcuate shape to 
accommodate the movement of the vane 5. 

0025. The profile plate is best illustrated in FIG. 2. This 
illustrates the profiled orifice 10 as defined by the plate 9. 
The orifice 10 is symmetrical about a centre line 11. When 
the vane 5 is positioned on this centre line, equal flow is 
diverted to the two outlet ducts 2.3. The orifice 10 is profiled 
such that the general flow tends to be concentrated towards 
the centre line 11. The exact profile of the orifice is deter 
mined functionally in accordance with the considerations set 
out below. 

0026 FIG.5 shows the flow characteristics which will be 
obtained by a rectangular (letter box-shaped) orifice. In other 
words, this would be the profile if no profiled plate 9 were 
present in the valve shown in FIGS. 1 and 2. The X axis 
shows the vane angle from a centre line shown as 0° in the 
centre of the graph, while the Y axis shows the percentage 
of flow out of the two outlet ports. Line 30 shows the flow 
to one outlet, while line 31 shows the flow to the other outlet. 
It is immediately apparent that moving the Vane through a 
considerable angle away from the centre line has little or no 
impact in the flow to the two outlets. No control of the flows 
is therefore available in this range of movement. It is only 
once the valve gets relatively close to its closed position on 
either side that any significant change in flow is noticed. 
0027. By contrast, FIG. 6 shows the impact of the pro 
filed orifice. Line 40 represents the flow to one outlet, while 
line 41 represents the flow to the other. Both lines are 
approximately linear, as compared to corresponding lines in 
FIG. 5. Obviously, true linearity is impossible to achieve in 
practice. However, what is apparent from FIG. 6 is that any 
variation in Vane angle will result in a noticeable variation 
in the flow to the two ports. Therefore, the flow is now 
controllable to a far more accurate extent across the full 
range of Vane angles. This allows more accurate control of 
both burners, with a resulting increase in the accuracy of 
control to the power and heat output. 
0028. The flow to the two burners can be controlled 
simply by varying the fan speed and adjusting the position 
of the valve. FIG. 7 shows the control map derived using 
experimental data with the valve of FIGS. 1 and 2. The 
required output from one burner is shown in a set of curves 
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from left to right in FIG. 7, while the required output for the 
other is shown by the curves from right to left. The required 
fan speed and Vane position are obtained at the cross-over 
point of the two curves. The exact change in fan speed with 
a vane angle for all combinations of burner flows has been 
derived experimentally, as the downstream gas path design 
will have significant impact on the flows involved. 
0029. The design of splitter valve could have applications 
beyond the current use in a twin-burner gas-fired appliance. 
Any dual burner system could incorporate Such a valve. 
Potential applications include ventilation systems or indus 
trial processes. 

0030) It should be noted that the vane 5 does not provide 
an airtight seal when it is seated. For the gas-fired domestic 
appliance for which the valve is designed, this is not a 
problem and can even be beneficial that it always provides 
a positive purge airflow to an unused burner. Indeed, a small 
hole may be provided through the Vane to ensure that a purge 
flow is present. 
0031. The theory underlying the invention is as follows. 
0032 Airflow along the two separate outlet ducts is 
dependent on the speed of the fan and the relative flow 
resistance of each duct. The latter is dominated by the 
respective cross-sectional areas (immediately following the 
fan outlet) at which the airflow is divided. 
0033 For a given fan speed and, hence, total airflow into 
the splitter valve, the airflow along the two separate outlet 
ducts is dependent on the respective cross-sectional areas. 
Classical fluid dynamics show that the pressure drop through 
a burner or other restriction varies according to the inverse 
square of this cross-sectional area. 
0034 Pressure drops occur across both burners (these are 
fixed because they do not change their area) and across each 
arm of the splitter valve, the areas of which are subject to 
change via the Vane position. 
0035 A further condition is that the total pressure drop in 
each arm, i.e., burner loss plus splitter valve loss, must be 
equal. 

0036. For a letter box shaped orifice, the open area for 
airflow down each tract is directly and linearly related to the 
angle of the Vane. 
0037. If downline fixed pressure losses in each tract were 
negligible and equal, then flow split ratio between the tracts 
would depend primarily on the relative orifice areas in the 
splitter valve. A rectangular weir profile would provide a 
linear valve characteristic in this case. However, in reality 
downline losses are substantial and unequal. For this reason, 
a non-linear orifice area to vane angle relation is required in 
order to linearise the characteristic of the installed valve. In 
practical tests, a double-arched weir profile Such as that 
illustrated in FIG. 2 has been found to work well in the 
gas-fired appliance application. 

0038 What is really required for smooth and linear 
control of air flow to a particular burner is to profile the weir 
such that the ratio of the square root of the sum of the fixed 
and variable pressure drops across each tract varies linearly 
with Vane angle. This may be achieved empirically, for a 
specific fluidic circuit, by using an appropriately profiled 
We1. 
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0.039 The gas train for a heating appliance is shown in 
FIG. 6. In this, the splitter valve 5 is as shown in FIG.1. Air 
is fed to the splitter valve by a variable speed DC fan 60 
from an inlet 61, controlled by a control signal 62. This flow 
is split as previously described under the control of control 
signal 63. The split flow is then passed through laminarising 
devices 4. These may take the form of perforated plates (one 
of which is shown in FIG. 1) or a set of channels, effectively 
providing a "honeycomb. arrangement. The open area of 
these devices is maximised in order to minimise the pressure 
drop caused by the devices. 
0040. An alternative laminarising device is shown in 
FIG. 1 in the line to the outlet 3. This takes the form of a 
ramped surface 12 which forms a constricted passage 13 
along which the flow passes. The lower wall of outlet 3 is 
also ramped as shown at 14 to help smooth the flow. 
0041. Each laminarised stream then passes into a venturi 
65 in which it is mixed with combustible gas 66 under the 
control of a governor valve 67 before being supplied to 
either the engine burner 68 or supplementary burner 69. 
0.042 Although the perforated plate 4 is shown on outlet 
2 to the engine burner 68 and the ramped surface 12 is shown 
on the outlet 3 to the supplementary burner 69, either type 
of laminarising device could be used on either outlet. 
0043. In order to design a weir for a specific application, 
and Subsequently control the flow rates from each outlet, e.g. 
for a two channel gas train controlled by blower speed and 
splitter valve angle, a number of calculations can be per 
formed: 

Basic Relations 

0044) 1. Volumetric flow along a tract, assuming turbu 
lent flow (generally the case in real world devices and 
appliances of practical size) 

C=K-dP (1) 

0045 where: 
0046) dP is sum of pressure drops experienced by the 
flow in traversing the tract. 
0047 K is a geometric factor reflecting shape, texture and 
sectional area of the tract. 

0.048 2. Volumetric output from a blower or fan 
C=f(dP:N) 

0049 where: 
0050 dP is pressure rise across fan; 
0051 v is kinematic viscosity; 
0.052 N is speed of the rotor. 
0053 To a good approximation: 

QoN (2) 

0054 3. Conservation of flow, assuming an isothermal 
process: 

991+92 (3) 

0055 where: 
0056 Q is the flow induced by a blower, arranged as 
per FIG. 8, labelled 61; 
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0057 Q is the flow exiting tract 1, labelled 2 on FIG. 8: 
0.058 Q, is the flow exiting tract 2, labelled 3 on FIG.8. 
0059 4. Summation of pressure drops, in a tract with 
single inlet and exit, the total dP equals the sum of the 
individual dP components. Hence: 

dP=X(AP+dPE) (4a) 
dP=X(AP2+dPE) (pb 4b 

0060 where: 
0061 AP is the variable pressure drop created by the 
variable inlet area to tract 1 afforded by the splitter valve; 
0062 AP is the variable pressure drop created by the 
variable inlet area to tract 1 afforded by the splitter valve; 
0063 dP is the sum of the fixed pressure drops, which 
occur along tract 1; 
0064 dP is the sum of the fixed pressure drops, which 
occur along tract 2. 
Flow Split Ratio 
0065 1. Let the ratio of flows in tract 1 (Q) and tract 2 
(Q) be R so that: 

R=91/92 

0066 but, from equation 1: 
R=K'dP/K'dP 

0067 or, if X=K/K: 
R=X-dP/dP, 

0068 2. From equation 4: 
R=XX(AP1+dPF) (APE--dPF) (5) 

0069. 3. The requirement is that: 
R=f(0) 

0070) 
Roc 

0.071) so that: 
R=2-6 

and preferably a linear function: 

0072 where Z is a constant of proportionality. 
0073. This implies that we want: 

X-(AP+dPF) (AP2+dPE)=Z-0 (6) 

0074 The key to the design of the valve profile is ensure 
that both AP and AP change with Vane angle 0 in Such a 
way that equation 6 is satisfied. 
Stepless Control of Flow Volume from Two Tracts: 
0075) From equations (2) and (3) 

P+Q2=YN 

0076 where Y is a constant of proportionality 

Q=Y-N-O/R 

0.077 so that: 
O=YN/(1+1/R) (7) 

0078 and from equation (6): 
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0079 These two equations relate Q and Q to fan speed 
N and vane angle 0. 

1. A splitter valve for splitting a single fluid stream into 
two streams, the valve comprising a vane rotatable through 
a range of positions across an orifice to vary the ratio of the 
single fluid stream diverted to the two streams, wherein the 
orifice is profiled such that there is a substantially linear 
relationship between the angular position of the Vane and the 
ratio of the fluid diverted to the two streams. 

2. A valve device including a splitter valve according to 
claim 1 and a laminarising device in at least one of the two 
streams downstream of the splitter valve. 

3. A valve device according to claim 2, wherein one or 
each laminarising device is a plate with a plurality of 
apertures. 

4. A valve device according to claim 2, wherein one or 
each laminarising device is a ramped surface which provides 
a constricted passage. 
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5. A heating appliance comprising first and second burn 
ers, a Supply of air, a splitter valve for splitting the Supply 
of air into a stream feeding the first burner and a stream 
feeding the second burner, means for feeding combustible 
fuel to mix with the air, a controller for controlling the 
combustible fuel flow and a proportion of the air fed to each 
burner dependent on the appliance requirements, and a 
laminarising device for at least one of the stream feeding the 
first burner and the stream feeding the second burner posi 
tioned downstream of the splitter valve. 

6. A heating appliance according to claim 5, wherein one 
or each laminarising device is a plate with a plurality of 
apertures. 

7. A heating appliance according to claim 5, wherein one 
or each laminarising device is a ramped Surface which 
provides a constricted passage. 


