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Figure 9:24: Mixing valve test and model, cold supply pressure drop, 
mix temperature 
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Tests were conducted to record the response of the mixing 

valve given a change in the hot water supply temperature. Steady 

state pressure, temperature and flow conditions were established 

prior to changing the hot water supply temperature. The temperature 

of the hot water supply was allowed to reach room temperature prior 

to the test. The water heater was set to deliver water at 

approximately 160°F. The valve handle was then turned to 180 

degrees. Supply pressure was not changed during the test. 

Figure 9.25 graphs the hot and cold supply temperature and the 

resulting mix temperature. Figure 9.26 graphs the supply pressure 

of the hot and cold supplies. Figure 9.27 is a graph of the supply 

flow. 

The following is the model for the response of the valve given 

an initial set of steady state flow, pressure and temperature 

conditions found in the test and then increasing the hot water 

supply temperature. Given the following at time t = 0: 

Pc 44.7 psi 

Tc 61 of 

Ph 37.7 psi 

Th 121 of 

Ps 2.3 psi 

For steady state flow at time t = 0 the cold flow is: 

Qc = {[2*(pc-PCC)]/[p*(Al+Ac)]}O.s (9.13) 

Similarly for the hot supply flow: 
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Qh = {[2*(Ph-PCC)]/[p*(Al+Ah)]}O.S 

The combined mix flow is: 

Qm = {[2*(pcc-ps)]/[p*(Ao)]}O.S 

The temperature of the mix is: 

Tm Qc*Tc + Qh*Th 
Qc + Qh 

The spool pressure on the cold supply flow is: 

2 
Psc = Pc - (Qc *p*Acs)/2 

The spool pressure on the hot supply flow is: 

2 
Psh = Ph - (Qh *p*Ahs)/2 

The iterative approach outlined in this chapter was used to 

(9.16) 

(9.18 ) 

(9.26) 

(9.20) 

(9.22) 

determine the steady state flow conditions. After establishing the 

steady state conditions of the valve, a time increment was selected 

(0.5 seconds was selected for this model), the process is repeated 

for time increments of ~t = 0.5 seconds with new supply and shower 

pressures and new supply temperatures. 

A summary of the results from this evaluation may be found in 

Table 9.5. Spool position and spool case position are graphed as a 

function of time in Figure 9.28, hot and cold supply flow are 

graphed in Figure 9.29. The hot and cold supply, resulting mix, and 

the thermostat temperature are graphed in Figure 9.30. 

Figure 9.31 graphs the tests and model results of the mix 

temperature. The model predicted a mix temperature increase of 

approximately 4°F; the test results showed a temperature increase of 
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approximately 3°F. Figure 9.32 graphs the test and model results 

of the hot and cold supply flow. The model predicted a cold supply 

flow increase of approximately 1.2 gpm and a hot supply flow 

decrease of approximately 0.8 gpm. The test results showed a cold 

supply flow increase of approximately 1.7 gpm and a hot supply flow 

decrease of approximately 0.7 gpm. 
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Table 9.5 Mixing valve response, hot supply temperature 
increase 

Time XS Xc Qc Tc Qh Th Ts 
(sec) (in) ( in) (gpm) (oF) (gpm) (OF) (OF) 

0.0 0.0450 0.0041 1. 01 61 3.52 121.0 109.5 
0.5 0.0447 0.0041 1. 01 61 3.52 126.6 109.4 
1.0 0.0439 0.0043 1. 07 61 3.48 127.5 110.1 
1.5 0.0431 0.0045 1.11 61 3.46 128.5 110.3 
2.0 0.0423 0.0047 1.16 61 3.43 128.5 110.4 
2.5 0.0419 0.0048 1.19 61 3.41 133.9 110.5 
3.0 0.0398 0.0053 1. 31 61 3.34 135.2 110.8 
3.5 0.0382 0.0057 1. 40 61 3.28 141.5 111.1 
4.0 0.0353 0.0064 1. 57 61 3.18 145.9 111. 5 
4.5 0.0324 0.0071 1. 73 61 3.07 146.8 112.0 
5.0 0.0304 0.0075 1. 83 61 3.00 146.8 112.3 
5.5 0.0295 0.0078 1. 88 61 2.96 152.2 112.4 
6.0 0.0273 0.0082 1. 99 61 2.89 153.3 112.7 
6.5 0.0258 0.0086 2.06 61 2.83 152.2 113.0 
7.0 0.0254 0.0087 2.08 61 2.81 154.4 113.0 
7.5 0.0245 0.0088 2.12 61 2.78 154.4 113.1 
8.0 0.0241 0.0089 2.14 61 2.76 156.9 113.2 
8.5 0.0231 0.0091 2.19 61 2.73 156.5 113.3 
9.0 0.0228 0.0092 2.20 61 2.72 155.6 113.4 
9.5 0.0228 0.0092 2.20 61 2.72 153.3 113.4 

10.0 0.0236 0.0090 2.17 61 2.74 155.5 113.3 

Tm 
(OF) 

109.5 
111. 9 
111. 9 
112.1 
111. 4 
115.1 
114.3 
117.4 
117.9 
115.9 
114.3 
116.8 
115.6 
113.8 
114.7 
114.0 
115.0 
114.0 
113.2 
113.4 
113.8 
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CHAPTER 10. CONCLUSIONS 

The objectives of this research were to develop mathematical 

models using differential equations to characterize the dynamic 

response of each of the subject valves, to develop a methodology to 

test the valves, and to evaluate the capability of each of the 

valves to control output water temperature based on changes in 

supply temperature and pressure. 

Characteristic mathematical models were generated for each of 

the subject valves: mixing, pressure balance, tempering and anti­

scald valves. The models did characterize the operation and dynamic 

response of each of the systems reasonably well. 

When the steady state supply temperature conditions were 

changed on the pressure balance valve, the model predicted no change 

in supply flow rates with a change in supply flow temperature; this 

was verified in the valve temperature test (Figures 6.20 and 6.21) 

When steady state supply pressure conditions were changed on the 

pressure balance valve, the model predicted a mix temperature 

increase of 0.8°F; the valve test showed an average increase in mix 

temperature of 0.9°F (Figure 6.31). 

When the steady state supply temperature conditions were 

changed on the tempering valve, the model predicted a mix 

temperature increase of 76.6°F in 32 seconds; the valve test showed 
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an increase in mix temperature of SOoF in 32 seconds (Figure 7.21). 

When the steady state supply pressure conditions were changed on the 

tempering valve, the model predicted a mix temperature increase of 

approximately 3.2°F, the valve test showed a mix temperature 

increase of 4°F (Figure 7.14). 

When the steady state supply temperature conditions were 

gradually increased on the anti-scald valve, the model predicted the 

valve would close at 10S.5°F; the valve test showed that the valve 

closed when the mix temperature was 106.5°F (Figures S.10 and S.13). 

When the steady state supply temperature was given a dramatic 

increase in mix temperature, the model predicted the valve would 

close in 2 seconds; the valve test showed that the valve closed 

between 2.0 and 2.5 seconds (Figure S.lS). 

When the steady state supply pressure conditions were changed 

on the mixing valve, the model predicted the valve would keep the 

mix temperature at 113.5°F; the valve test showed that the average 

mix temperature did not change from 112.5°F (Figure 9.24). When the 

steady state supply temperature conditions were changed on the 

mixing valve, the model predicted the mix temperature would increase 

approximately 4°F over in 10 seconds; the valve test showed that the 

average mix temperature increased 1.SoF (Figure 9.31) 

The models did not address head losses which occur in the 

valves when the hot and cold water supplies were mixed. 

Improvements on the models could made by testing each of the valve 

components and applying actual loss coefficients to each of the 

models. 
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A test environment was established that was representative of 

plumbing systems found in a residential hot and cold water potable 

plumbing system. It reflected and conformed to the recommended test 

configuration described in the American Society of Sanitary 

Engineering standards. Pressure, temperature and flow sensors 

allowed accurate data to be obtained for each of the supply flows 

into the valves and for the mix out of the valve. 

Both modeling of the valves and test results showed that the 

automatic mixing valve had the best performance in controlling the 

output water temperature when there are changes in supply 

temperature and pressure. The pressure balance valve performed as 

well as the mixing valve in controlling the output water temperature 

when there was a change in supply pressure. The tempering valve did 

respond to changes in both pressure and temperature, but the dynamic 

response was slow compared to the other valves. The anti-scald 

valve had no effect on controlling the output water temperature, but 

was capable of shutting off the flow of water at specific mix supply 

pressure and temperatures. The valves which are to be installed at 

the point of use exhibited the best dynamic response to limit the 

temperature and/or flow of water. 

Recommendations for Future Work 

An improved understanding of the flow characteristics across 

the various valve components (check valves, mixing chambers) could 

offer a better understanding of valve performance. Modeling of the 

system using compressible flow, variable fluid properties such as 
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viscosity and density, and using differential equations to 

characterize the flow may lead to an improvement in predicting the 

flow characteristics of the valves. 

Research into thermally sensitive springs and actuators and 

the capability to obtain reliable, repeatable and cost effective 

components during the manufacturing process could be investigated 

further. 
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