
Response to Reviewers – Second round 

Joint review committee remarks 

The paper modifications following the joint comments in the paper are highlighted in fuchsia. 

Some additional explanations on why we think that some changes proposed were not implemented are 
following reported. 

Reviewer’s request Answer 
The yellow lines in most of the Figures in Sect. 4 
miss the data points. Naively one would have 
expected that some data points that were used 
to 'calibrate' the model would by construction 
by agreeing with the model. But we assume that 
this is because the data points for the calibration 
and the checks are not the same? In particular in 
Fig. 13 you use Q=200 W while in the later 
Figures Q=134. (Why are these different?)  

Data points have been added to figures 15-19. 
You are right: data points used to calibrate 
model have been taken in different conditions 
respect to the cecks. The graph reported in 
Figure 13 represents the procedure executed to 
define rc,min, which could be (and it is) carried out 
with any dummy modules power, any saturation 
temperature, any mass flow rate, etc…, provided 
that the phaenomenon of superheating is well 
observed. The figures 15-19 show the variation 
of the minimum preheater power changing 
different parameters, therefore, the other 
variables are kept constant (included the power 
Q=134 W) 

Since the surface roughness is a key property 
that we don't really have controll over we were 
wonder if you could add something to the paper 
about the possible systematic of this when 
changing tubes to the different tests. 

As we said in the conclusions, the effect of the 
surface roughness was not investigated. At the 
end of chapter 2 we tried to explain that the 
classical value of surface roughness (when 
available) is not of great help and that is the 
reason why experimental tests are needed for 
the model, when the material is changed. 

Fig 14 - Several of us missed the curve 
corresponding to 5.0W - it is almost exactly 
under the green (7.4W) curve. Someone can the 
figure be improved to show that the colapse of 
superheating corresponds to 5.0W? We are also 
surprised that the temperatures for the different 
curves overlap as closely as they do. E.g. all 
curves shows the same fluctuation in the last 5 
data points around 7 m. Is this somehow an 
effect of discrete readout?  Also, the maximum 
pipe wall temperature here is about -16C would 
we not expect this to be close to the -11C that 
we have in Fig 13 and this is an artifact of lack of 
data points for the temperature? 

We tried to improve the graph to put in 
evidence the 5.0W curve and the difference 
among the curves. 
As far as the curves overlap: when CO2 boils, at 
the same saturation temperature, the 
temperature at a certain point read by the same 
sensor should be the same, as it happens. 
The maximum pipe wall temperature is different 
in figures 14 and 13 as it is obtained with a 
different power feeding (134 W against 200 W), 
as expected. 
 

Minor point: on line 44 q is defined as the 
specific hear flux. It is measured in W/m^2 so 
would this not be just heat flux? (What is the 
meaning of specific here?) On line 68 you have 
that the superscript " means per surface area - 
this would make q" have units of W/m^4? Line 
43 Q is it better to refer to this as e.g. global 
heat transfer instead of flux? Flux implies 
something over a unit area. 

Flux is intended as heat per time unit; we 
corrected along the paper the definition of flux, 
specific heat flux, etc.  



Reviewer Katja 

The paper modifications following your comments in the paper are highlighted in cyan. 

Some additional explanations on why we think that some changes proposed were not implemented are 
following reported. 

 

Reviewer’s request Answer 
Are you sure this is the correct number? I find values of 
115kW FE power and 123kW including cables in this 
document: 
https://espace.cern.ch/Tracker-
Upgrade/Electronics/Power/_layouts/15/WopiFrame.aspx
?sourcedoc=/Tracker-
Upgrade/Electronics/Power/Shared%20Documents/Power
_OT_short.xlsx&action=default 

 
and this does not include surroundings, probably. 

We found the number at page 92 of 
the TDR (CMS Collaboration “The 
Phase-2 Upgrade of the CMS Tracker - 
Technical Design Report”, CMS-TDR-
014 (2017). 
Perhaps the numbers are changing 
but we prefer to set values easily 
traceable. 

These references seem to be very generic, so why do you 
use them when you describe the CMS tracker manifolding? 
 

You are right, these references were 
positioned wrongly; we changed their 
position. 

Line 152: Should this be pV? 
V for volume. You use v for specific volume. 
 

It is specific volume, as reported in the 
x-axis 

Line 157: not totally clear (to me, and at this point of 
reading) what the "certain theoretical model" means, it 
seems to suggest that there are several and it is not clear 
which one is correct. 

There is not a correct equation of 
state for all the fluids. As this issue is 
explained just before figure 4, the 
comment on line 157 is eliminated. 

Line 159: Try to avoid this linebreak. Also check if eq. 
should be Eq.? (style of the journal) 

The journal does not use a fixed style, 
thus, we have left “eq.” along the 
paper; we will see if they prefer a 
different indication. 

Line 172: It is not totally clear here what the relevance of 
this is, if you are using one of them, which one, what the 
pressure in our case is (differences are very large for low 
pressures). 

Just after figure 4 we explained that 
we did not use that model (that 
someone else uses, that is why we talk 
about it in the paper), firstly because 
we do not know a priori which 
equation of state fits better with CO2, 
secondly, because the Superheating 
Limit Temperature probably 
overestimates the power needed to 
initiate boiling. 

Line 212: I am a bit lost here (sorry): why is "homogeneous 
boiling" not also taking place? (together with Nucleate 
Boiling) 

Nucleate boiling takes place first, as 
the Superheat Limit Temperature has 
to be reached only in nucleation 
centres. If it happens, boiling starts 
and propagates through all the 
volume. On the other hand, if no 
nucleation centers exist, the entire 
mass (homogeneous boiling) has to be 
superhetated before boiling starts. 



Line 338: To be honest, being not an expert on all of this, 
it is not clear to me if the content of Section 2 is 
something that you developed, or if it is a summary of 
the common wisdom. Given that you quote so many 
papers, it seems to be the latter. It is also not clear to me 
in what sense, if at all, it is "semi-empirical" up to this 
point (end of section 2). 
It seems to me that up to here it is just a (analytical) 
model, and "semi-empirical" comes later, but then you 
refer to this wrongly at the end of section 1. 

We agree with you that both sections 
2 and 3 together describe the semi-
empirical model. We changed the end 
of section 1. 

Line 309: don't you change potentially the roughness 
when you change the pipe? You should explain why this 
is not a problem for the measurement 

When different length preheaters are 
tested, the pipe where the 
preheaters are clamped comes from 
the same pipe, cut into different 
pieces. The change in preheater 
length is in the axial direction and we 
suppose that the material 
constituting the grooved aluminium 
plates is the same as well. For these 
reasons, we see non space for 
roughness variation. 

Line 422: It is really sub-optimal that you have not taken 
more measurement points in the crucial region.... 

The test bench was not born and 
instrumented for this specific 
purpose; we picked up the available 
data and implemented the model. 
Anyway, looking at the trend of the 
curves, we are confident that the 
error committed for the lack of data 
in that region does not affect the 
validity of the outcomes. 

Line 425: Here 200W are used. In all other plots 134W 
are use - why? 

See above comment to general 
remarks. 

Lines 432-433: Do I understand correctly: the semi-
empirical model is solely based on the measurement 
shown in Fig. 13? 

Theoretically speaking, yes: once you 
define rc,min with a measurement like 
the one of fig, 13, you have found 
what you need to calibrate the 
model.  

Line 473: I think you are not mentioning this plot 
explicitly in the text. 

Yes, we did, four lines above the 
table 1, but with the wrong number, 
now it is correct 

Line 473: With 200W in Fig. 13 at 1.9mm there is still no 
two-phase flow. Here with 134W there is already two-
phase flow at the same pipe length. Why? 
 

It happens because in Figure 14 the 
mass flow rate is lower respect to the 
experiment od figure 13. 

Line 473: Why are all six curves from 2600mm onwards 
perfectly on top of each other? This seems not very 
plausible? If it is correct, you should comment on this in 
the text and use different markes, so that the points can 
be seen. 

See above comment to general 
remarks. 



Line 473: Where along the x axis is the preheater placed? 
At 0? A sketch would be useful, that shows the different 
locations, of the preheater, the heating resistors, and also 
of the temperature sensors. 

We prefer to avoid another picture, 
but we added the following 
explanation a few lines before the 
figure: Figure 14 shows the plots of 
the pipe wall temperature at 
different preheater feeding power; 
the preheater is located at 0 x-
coordinate, the 24 heating resistors 
are equally distributed (every 30 cm) 
along the pipe, and the temperature 
sensors are positioned exactly on the 
curve marks. 

Line 483: Why are the error bars asymmetric? I guess 
because you are not sure how much P goes into the 
pipe, but it is not clearly explained. 

We added a sentence before figure 
15, explaining that the error bars 
include the uncertainty of the 
preheater power measurement and 
the discrete power changing for the 
boiling trigger: the data point is 
placed at the maximum of the range 
and the error bar extends lower, 
down to the minimum of the trigger 
interval. 

Line 512: How do you vary experimentally the sub-
cooling? 

We added a sentence before figure 
15, explaining that the sub-cooling is 
a dependent variable and it is 
experimentally modified by changing 
the pressure drop along the pipe, 
which in turn can be changed by 
means of the saturation temperature 
and the mass flow rate variation. 

 

  



Reviewer Stefan 

 

Reviewer’s request Answer 
I note that some of the figures are still showing 
variables as function of heater power, not heat 
flux. 

We prefer keeping the preheater power in 
figures 15-19 as this was exactly the power given 
to the preheater. The heat flux only scales the 
values, the trend remains the same. 

 

  



Reviewer Anders 

The paper modifications following your comments in the paper are highlighted in yellow. 

Some additional explanations on why we think that some changes proposed were not implemented are 
following reported. 

Reviewer’s request Answer 
Lines 41 and 47 - just point out that you say units 
are Pa and K - but in the plots etc you use bar and 
C in many places. 

I added bar and °C in the nomenclature. 

Line 516: You use a symbol with a - with a dot 
over and under the line (which I can not type). 
What does this mean? Is it the range? 

Yes Andres, the symbol ÷ is (sometimes) used 
between two numbers when you mean the 
range. 

 


