CRITICAL ANALYSIS OF THE HEATER TESTS 

AND EXTRAPOLATION TO FINAL HEATER DESIGN
1. Scope

The scope of this short note is to analyze the results of the test of the two heater prototypes with the aim of understanding their performances and of extrapolating the final heater design.

The detailed description and analysis of the heater test is in a separate document, here we focus just on the critical parameters allowing for extrapolating the final design.

2. Introductions and description of heaters

Two types of heaters have been fabricated by Thermocoax company according to the drawings:

· 302038 (small size): ZKZ Ac 11.5/50-466-50 model

· 302037 (big size): ZEZ Ac 20/50-379-50

The major parameters of these two prototypes are given in the following table:

	
	
	HEATER TYPE

	
	UNITs
	ZKZ Ac 11.5/50-466-50
	ZEZ Ac 20/50-379-50

	Length of heating element
	mm
	4660
	3790

	Length of coil
	mm
	460
	460

	Diameter of heating element
	mm
	1.15
	2

	Inner tube diameter
	mm
	7
	12

	Free internal diameter
	mm
	4.7
	8

	Average coil diameter
	mm
	5.85
	10

	n. of coils
	
	253
	120

	Pitch of spiral
	mm
	1.8
	3.8

	Gap between spirals
	mm
	0.66
	1.8

	Nominal power (at 100V)
	W
	506
	810

	Contact area
	cm2
	168
	238

	Specific surface heat load
	W/cm2
	3.0
	3.4

	
	
	
	


3. Test results

3.1 Temperatures

Several tests have been performed on the prototypes.

The parameters, which are critical for the operation of the heaters, are:

· maximum temperature of the heating element, both during steady state running and during transient conditions

· the pressure drops across the heater: current budget is 50 mbar

Scope of the heater is to raise the vapor temperature at the exhaust to 20 C.

The max outer temperature of the heater is always only slightly above the exhaust vapor temperature so it is not an issue.

The temperature of the heating element is higher when the power on the staves is switched OFF, so only the steady state case with max power of the heater is analyzed.

The heater temperature is always referred to as the maximum (at the vapor exit).

The following table summarizes the measured temperatures during tests of the small heater: 

	
	
	
	
	Steady state
	Transient

	Max Power set [W]
	Duty Cycle

[%]
	Average power [W]
	Vapor T at the exhaust
	Average T of heating element
	Max pick T of heating element
	DT between heating element and exhaust fluid
	Max T excursion during steady state regulation
	Max pick temp. (0-100 of power load)

	640
	91
	582
	27
	45
	55
	18
	+/-10
	65

	640
	73
	480
	22
	38
	48
	16
	+/-10
	60

	350
	73
	256
	25
	39
	44
	14
	+/-5
	60


Chart 1 shows the temperature difference between the heating element and the fluid (exhaust vapor) as function of the power.

Chart 1 also shows the calculated temperature curve (linear) assuming the heat transfer coefficient between the fluid and heating element does not change with the power.

In reality the heat transfer coefficient changes with the flow (which is linear with the power assuming, as it is the case, always the same inlet vapor quality at the inlet of the heater). For monophase (gas) turbulent flow the non dimensional correlation governing the heat transfer is:

Nu=0.023Re 0.8

Where: Nu is the Nusselt number and Re is the Reynolds number





From this correlation the heat transfer coefficient can be expresses as function of the volumetric flow and of the diameter, thus giving the following equation:

h= f(D-1.8Q0.8)

where: h is the heat transfer coefficient and Q is the volumetric flow.

Chart 1 shows temperature change calculated according to this formula normalizing to the max power point and the agreement found with the experimental data is very good.

Increasing the power the flow increases and counterbalance, with the increase of the heat transfer coefficient, the increase of the temperature gradient heater-fluid, thus reducing the slope of the curve.

Similar measurements will be performed on the big heater.
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3.2 Pressure drops

The pressure drops across were measured for both types of heaters.

The results are shown in chart 2.
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The pressure drops are linear with the mass flow.

For both heaters the pressure drops are above the specifications. To decrease the pressure drops, in particular for the small heater, to within the specification the free internal diameter of the heater has to be increased.

The following table 3 gives the predicted free diameter required to decrease the pressure drops to 50 mbar. The extrapolation is extended to all the circuits and assumes that the 1.15 mm heating element is adopted also for the max power

	Table 3: heater design parameters

	
	
	
	
	
	
	Extrapolated heater

	circuit
	Power load
	Nominal Mass flow 

(per circuit)
	Max heater power with nominal flow
	Heater design power (1)
	Pressure drops with current design
	Pressure drops
	Free diameter
	Tube diameter
	Heating element

	
	W
	g/s
	W
	W
	mbar
	mbar
	mm
	mm
	Thermocoax

	SCT Barrel
	504
	7.8
	700
	960
	101
	41
	10
	14/15
	ZEZ Ac 20/50-320-50

	SCT EC 

(3 sectors disk)
	346.5
	5.3
	475
	650
	430
	37
	8.7
	11/12
	ZKZ Ac 11.5/50-363-50

	Pixel service panels
	250
	4.5
	404
	560
	328
	28
	8.7
	11/12
	ZKZ Ac 11.5/50-421-50

	Pixel Barrel
	220
	3.9
	350
	480
	252
	30
	8
	10/12
	ZKZ Ac 10/50-374-50

	SCT EC 

(2 sectors disk)
	241.5
	3.7
	333
	480
	227
	27
	8
	10/12
	ZKZ Ac 10/50-374-50

	SCT EC 

(1 sectors disk)
	136.5
	2.1
	188
	260
	25
	20
	5
	7/8
	ZKZ Ac 10/50-413-50

	Pixel Discs
	110
	2.0
	180
	260
	14
	11
	5
	7/8
	ZKZ Ac 10/50-413-50

	SCT EC outer thermal enclosure
	525
	8.0
	700
	840
	On hold waiting for final decision on the thermal enclosure design

	SCT rear end thermal enclosure
	220
	3.3
	292
	350
	

	SCT barrel thermal enclosure
	216
	3.3
	292
	350
	


(1) Max heater power (corresponding to no power load on the structures and to 20% of mass flow increase) + design margin

In the document on the specification of the evaporative system it is stated that the heater is designed for a power corresponding to the nominal flow + 20% (anticipated increase from full to no detector load conditions). However for the calculation of the pressure drops, which are relevant only when the detector is operating at full power, we assume the nominal flow.

Basing on the extrapolation of the heater design as per table 3 and according to the interpretation of the temperature measurements it is possible to estimate the working conditions of the heater.

This estimate has been done extrapolating from the measurements according to the following calculation method:

The temperature difference between the heating element and the coolant for monophase flow (end of the heater) is given by:

T=P/(hA)

Where A is the contact area per unit of length, P the power per unit of length and h is the convective heat transfer coefficient.

Combining equation (2) with (1) and recalling that the volumetric flow is directly proportional to the power the following equation is extracted, which is used for the extrapolation:

T1/T0=(P1/P0)0.2(D1/D0)0.8A0/A1
Table 4 gives the extrapolated operation temperatures for the various types of heaters.

	Circuit
	Heater type
	Length of heating element
	Diameter of heating element
	Contact area
	Maximum heater power with nominal flow
	Free diameter
	Specific surface heat load
	Expected temperature gradient (heater surface - fluid

	
	
	mm
	mm
	cm2
	W
	mm
	W/cm2
	(C

	
	Tested heater prototype
	4660
	1.15
	168
	480
	4.7
	3
	16

	SCT Barrel
	ZEZ Ac 20/50-320-50
	3200
	2
	200
	700
	10
	3.5
	27

	SCT EC 

(3 sectors disk)
	ZKZ Ac 11.5/50-363-50
	3630
	1.15
	131
	475
	8.7
	3.6
	34

	Pixel service panels
	ZKZ Ac 11.5/50-421-50
	4210
	1.15
	152
	404
	8.7
	2.7
	28

	Pixel Barrel
	ZKZ Ac 10/50-374-50
	3740
	1
	117
	350
	8
	3
	33

	SCT EC 

(2 sectors disk)
	ZKZ Ac 10/50-374-50
	3740
	1
	117
	333
	8
	2.8
	33

	SCT EC 

(1 sectors disk)
	ZKZ Ac 10/50-413-50
	4130
	1
	130
	188
	5
	1.5
	18

	Pixel Discs
	ZKZ Ac 10/50-413-50
	4130
	1
	130
	180
	5
	1.4
	18


Assuming as nominal vapor return temperature 20 C the average operating temperature of heater would then be in the worst case 54 (C with an expected pick temperature of 64 (C.

All these temperatures are well below the max acceptable limits of both the heater design and of the coolant.
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		Power (W)		measured DT(fluid-he)		calculated DT with constant h		calculated DT with h varing with flow

		256		14		8		14.7

		480		16		15		17.3

		582		18		18		18.0






