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ABSTRACT


This experiment uses a computer to digitally control the volumetric flow rates of the hot and cold streams of a heat exchanger and to digitally acquire temperature and flow rate data.  Four platinum resistance thermometers and two turbine flowmeters produce electrical signals that are converted to digital measurements by the digitizer and then stored in the data acquisition card.  Specifically, the inlet and outlet temperatures and the volumetric flow rates of the hot and cold streams are measured for the sixteen combinations of assigning the flow rates of the streams values of 30, 35, 40, and 50 gallons per minute.  From these values, it is possible to calculate heat transfer rates and, ultimately, the overall heat transfer coefficient for the heat exchanger.


Experimentally, the heat transfer rates for the hot stream ranged from –365694.0 Btu/hr to –449116.1 Btu/hr, and those of the cold stream varied from 383007.2 Btu/hr to 512072.1 Btu/hr.  Ratios of the heat transfer rates of the hot stream to the cold stream ranged from 0.865 to 0.989, while the cross-flow correction factors ranged from 0.945 to 0.961.  The overall heat transfer coefficients were between 185.02 and 250.85 Btu/ft2.hr.(F, and they increased with increasing flow rates.

PURPOSE


In this experiment, a heat exchanger is digitally controlled to produce volumetric flow rates of 30, 35, 40, and 50 gpm for the hot and cold streams.  Inlet and outlet temperatures of both streams, as well as the flow rates, are then acquired digitally.  Values for the overall heat transfer coefficient of the heat exchanger are calculated using a cross-flow correction factor, FG.  

HAZARDS


Touching poorly insulated pipes may burn any skin in contact with the pipe if the fluid inside is at a high temperature.  Also, there is a danger of being cut near sharp-edged, rusty valves.

RESULTS AND CONCLUSIONS 

Results


Tables 1 and 2 display the results for the hot and cold streams, respectively, including temperature data, flow rate data, and calculated heat transfer rates.  (CW and HW refer to the volumetric flow rate values entered in the computer for digital control, while Qcold and Qhot are the experimental values recorded from data acquisition).  Values in Tables 1 and 2 were produced from Equations (1) through (3):


m = ( . Q








(1)


(T = Tout - Tin








(2)


q = m . Cp . (T








(3).

TABLE 1.  Hot Stream Results

CW (gpm)
Qhot (gpm)
mhot (lb/hr)
Thot in ((C)
Thot out ((C)
(Thot ((C)
qhot (Btu/hr)

30
30.0
15021.7
40.01
26.22
-13.79
-372869.3

30
34.7
17375.1
39.84
27.56
-12.28
-384060.0

30
40.3
20179.2
37.78
27.39
-10.39
-377391.2

30
49.3
24685.7
34.66
26.43
-8.23
-365694.0

35
29.7
14871.5
40.01
25.51
-14.50
-388146.4

35
35.0
17525.4
40.18
27.14
-13.04
-411355.0

35
40.2
20129.1
37.78
26.72
-11.06
-400730.4

35
49.2
24635.6
34.79
25.88
-8.91
-395106.4

40
29.8
14921.6
40.01
25.04
-14.97
-402076.9

40
35.0
17525.4
39.89
26.60
-13.29
-419241.4

40
40.2
20129.1
37.78
26.22
-11.56
-418846.6

40
50.2
25136.4
34.50
25.38
-9.12
-412638.5

50
29.9
14971.7
40.01
24.33
-15.68
-422560.0

50
35.0
17525.4
39.76
25.67
-14.09
-444477.9

50
39.8
19928.8
37.99
25.47
-12.52
-449116.1

50
50.2
25136.4
34.50
24.71
-9.79
-442953.0

TABLE 2.  Cold Stream Results

HW (gpm)
Qcold (gpm)
mcold (lb/hr)
Tcold in ((C)
Tcold out ((C)
(Tcold ((C)
qcold (Btu/hr)

30
29.8
14921.6
4.54
18.80
14.26
383007.2

35
29.7
14871.5
4.58
19.93
15.35
410899.8

40
30.2
15121.9
4.63
20.09
15.46
420811.5

50
29.9
14971.7
4.63
19.84
15.21
409894.0

30
34.5
17275.0
4.54
17.16
12.62
392418.6

35
34.5
17275.0
4.58
18.50
13.92
432842.0

40
35.1
17575.4
4.63
18.34
13.71
433726.3

50
35.1
17575.4
4.63
18.34
13.71
433726.3

30
40.0
20029.0
4.54
15.91
11.37
409912.9

35
40.0
20029.0
4.54
17.21
12.67
456780.7

40
40.0
20029.0
4.63
17.16
12.53
451733.4

50
40.1
20079.0
4.63
17.16
12.53
452862.7

30
50.0
25036.2
4.54
14.19
9.65
434879.0

35
49.7
24886.0
4.54
15.07
10.53
471689.2

40
50.1
25086.3
4.63
15.32
10.69
482710.3

50
52.9
26488.3
4.58
15.32
10.74
512072.1


Generally, the calculated values for the heat transfer rates were similar between the two streams.  This is evident from the trend of the ratios being close to one in Table 3, which is shown on the following page.  Only three out of sixteen of the ratios were less that 0.9, and they were all above 0.86, suggesting a strong agreement.

TABLE 3.  Comparison of Heat Transfer in Streams

CW (gpm)
HW (gpm)
qhot (Btu/hr)
qcold (Btu/hr)
((qhot/qcold)(

30
30
-372869.3
383007.2
0.97353

30
35
-384060.0
410899.8
0.93468

30
40
-377391.2
420811.5
0.89682

30
50
-365694.0
409894.0
0.89217

35
30
-388146.4
392418.6
0.98911

35
35
-411355.0
432842.0
0.95036

35
40
-400730.4
433726.3
0.92392

35
50
-395106.4
433726.3
0.91096

40
30
-402076.9
409912.9
0.98088

40
35
-419241.4
456780.7
0.91782

40
40
-418846.6
451733.4
0.92720

40
50
-412638.5
452862.7
0.91118

50
30
-422560.0
434879.0
0.97167

50
35
-444477.9
471689.2
0.94231

50
40
-449116.1
482710.3
0.93041

50
50
-442953.0
512072.1
0.86502

There were many possible sources of error affecting the experimental heat transfer rates.  For example, not as much heat was lost by the hot streams as was gained by the cold streams since the ratios of the absolute values of qhot to qcold were all less than one.  This implies that not all the thermal energy went toward heating the cold stream.  There was a certain amount of friction in the streams that altered the calculations.  Also, the ranges in the raw data reflected an imperfect equilibrium.  Since the pipes were not perfectly insulated, heat transfer between the water in the pipes and the air outside the pipes also resulted in non-ideal conditions.  Inaccuracies in the equipment used to measure the data, including four platinum resistance thermometers and two turbine flowmeters, could have affected the data.  Finally, an effect of bit resolution was encountered when the digitizer assigned a digital value for each data measurement that was dependent on the size of the data acquisition card and the amount of amplification of the electrical signal (Experiment 5).


To calculate values for the overall heat transfer coefficient of the heat exchanger, the heat transfer rates that were determined above were used in the equation


q = U . A . FG . (Tln







(4).

The log-mean temperature difference, (Tln, was calculated as in Equation (5) below:

(Tln = [(Thot in – Tcold out) - (Thot out – Tcold in)]/ln((Thot in – Tcold out)/(Thot out – Tcold in))











(5).

FG was determined from a graph of FG versus (H, a heating effectiveness factor, with curves of varying values of Z, a dimensionless temperature ratio (see Calculations).  Thus, the log-mean temperature difference was corrected by FG for the cross-flow heat exchanger.  (The area for heat exchange was 56 ft2).  The values of the overall heat transfer coefficient for different hot and cold stream flow rates appear in Table 4.

TABLE 4.  Volumetric Flow Rates and Overall Heat Transfer Coefficients

HW (gpm)
CW (gpm)
Qhot (gpm)
Qcold (gpm)
U (Btu/ft2.hr.(F)

30
30
30.0
29.8
185.02

30
35
29.7
34.5
186.13

30
40
29.8
40.0
190.54

30
50
29.9
50.0
195.82

35
30
34.7
29.7
194.09

35
35
35.0
34.5
198.67

35
40
35.0
40.0
203.63

35
50
35.0
49.7
207.26

40
30
40.3
30.2
206.29

40
35
40.2
35.1
209.23

40
40
40.2
40.0
214.07

40
50
39.8
50.1
221.45

50
30
49.3
29.9
222.75

50
35
49.2
35.1
228.91

50
40
50.2
40.1
235.44

50
50
50.2
52.9
250.85


Figure 1 on the next page displays the results of Table 4.  As the volumetric flow rate increases for both the hot and cold streams, the overall heat transfer coefficient also increases since the slopes are all positive.

Conclusions

Thus, the results suggest that it is possible to use the technique of data acquisition and control to monitor the flow rates and temperatures of the streams in a heat exchanger.  From this digitally acquired data, heat transfer rates and overall heat transfer coefficients are calculable.  The results in this experiment were relatively precise since the ranges were quite small, although it was apparent that there were errors from non-ideal conditions (including interaction of the system with the environment, friction, and non-equilibrium), rounding the data, and various other sources.  Nevertheless, it was very clear that the values for the overall heat transfer coefficient increased as both the cold and hot stream volumetric flow rates increased.  This means there was faster heat transfer as the flow rates increased even though the log-mean temperature differences slightly decreased with increasing flow rates.
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