
Response to Reviewers 

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 
First page missing subscripts. We wrote the paper in word format, that’s why 

the subscript did not appear in the first page: I 
will write the first page in latex format. 

I think your text would look better if you would 
align your text between left and right margins, 
not only to the left.  

The journal indications ask to align only to the 
left. Besides, all the issues regarding the 
linebreaks are note solved now as in the Journal 
submission phase the layout could change 
significantly. 

Line 79: World’s largest Possessive apostrophe added 
Line 82: you can write this as [2, 3], which looks 
better. 

The word cross reference format keeps the 
format as [2], [3], which is accepted by the 
Journal. 

Line 90: distances between unit and number 
should be made with a latex small space: \, 

We use Microsoft word and the Journal 
generally accepts normal spacing between units 
and numbers. 

Lines 183-184 We decided to not explain the meaning of 
vapour quality and dryout, as these concepts are 
quite elemental for the Journal readers. 

Figure 5: mention r_c and r_b in the text, since 
they are used in the picture 

r_c and r_b are mentioned on equations (4) and 
(5). 

Line 237: another style detail: in principle you 
should use proper punctuation also after your 
formulas, i.e. comma or full-stop, as appropriate. 

The Journal style does not indicate punctuation 
after formulas.  

Line 360: add a photo of the pre-heater, if 
possible 

The preheater is already represented in figures 1 
and 11. 

Line 381: somehow the use of the actual pre-
heater is not mentioned in the description of the 
test procedure, or maybe I am over-looking it? 

The procedure described around figure 12 is 
relative to the pipe properties identification, 
without the preheater. The sizing of the 
preheater is described around figure 13. 

Line 389 and line 400: I think this comma is not 
needed 

Comma not needed, removed. 

Line 434: Should the model curve also have an 
uncertainty (band)? As you are feeding in 
measured data? 

We prefer not to put uncertainties on the model 
as, any mathematical model, it is intrinsically 
without uncertainties. Naturally, as you say, it is 
fed by measured data but considering their 
variation this brings more to a sensitivity analysis 
of the model (how results vary changing the data 
input), than an uncertainty definition. The 
sensitivity analysis of the model is sure of 
interest, but we think that is out of the scope of 
this paper. 

Line 485: I think you should discuss also the 
quantitative differences to the model, i.e. that the 

At the beginning of the paragraph “Discussion” 
we stated that “There appears to be a slight 



data points are significantly above the model line 
(Fig. 14, 15). Why could this be? 

general underestimation of the model results with 
respect to the experimental outcomes”. We are 
convinced that the underestimation is really 
slight (no more than 2 Watts in worst cases), 
therefore, we do not think that a deep discussion 
on the quantitative differences is necessary. 

Line 497: I think you should get a bit more 
quantitative - what numbers are we talking 
about? What will be needed? 

We prefer to erase the part of the sentence in 
the conclusion linked to the comparison with the 
spinodal theory, as we already explained it in the 
paper and it is not worthy leaving it in the 
conclusions. 

 

  



Reviewer Stefan 

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

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

Reviewer’s request Answer 
General comments:  

Why not discuss boiling onset as function of 
peak heat flow density (W/cm^2) in a preheater 
tubing section, instead of total power? It seems 
the more relevant parameter. 

You got the point: the heat flow density (q in the 
paper, W/m^2) is the driving parameter, which 
is concentrated in the preheater, while it is 
spread along the pipe (but always growing as 
CO2 travels along the pipe because of the 
continuous addition of dummy modules load) 
without the preheater. We tried to highlight 
with better emphasis this concept in the revised 
paper.  

Line 149: It would be better to not use italics, 
since the  greek letter nu is easily confused 
with the italicized roman v 

The italics for formulas is required for the 
Journal; anyway, nu is never mentioned in the 
paper. 

Line 149: Regarding the condition, initially I 
thought you meant the two-phase line B-F in 
figure 2, but from the literature it seems this 
condition applies for the points of the isotherm 
intersecting the spinodal curve (point C of most 
overheated liquid and point E of most 
undercooled vapor). Maybe a clarification or 
derivation should be given 

You are right, we moved the equation after the 
description of points C and E, which are the 
conditions the equation refers to. Al the 
sentence has been rewritten. 

Line 155: ‘the point B’ represents the highest 
temperature’: Is there a better diagram (than 
figure 2, p versus v) to explain this? Drawing the 
blue superheating curve on top of the isotherm 
seems unfortunate. 

We tried to improve figure 2 and its explanation. 

Lines 169-189:  ‘overestimates the power’ etc.: 
further assumptions about the fraction of 
liquid that needs to be heated to this 
temperature to initiate boiling go into the 
power estimate; I think those assumptions 
need to be made explicit (you seem to be 
assuming that all the liquid needs to reach the 
superheating limit temperature). This might 
also allow to shorten this discussion (lines 169-
189) 

We have made explicit that, to be on the safe 
side, the entire liquid volume has to be 
superheated. We think that the following 
discussion should be kept. 

Line 227: It’s not clear to me what the red line in 
Figure 6 means 

The red line is the temperature trend, this 
explanation has been added in the figure 
caption. 

Lines 256,258: Shouldn’t Delta T_sat be Delta 
T_super in equations 12 and 13, since it is the 
superheating? 

You are right, but it is a common way to define 
Delta T_sat the superheating in literature, we 
prefer to keep this nomenclature. 

Lines 313-318: it might be possible to learn 
something about the cavity radius distribution 
by measuring surface roughness with probes of 
different radii. 

We agree, but it is not an information that every 
manufacturer is able to provide. 



Reviewer Nicola 

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

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

Reviewer’s request Answer 
Line 480: the power required in the preheater 
decreases with increasing pipe internal” => the 
power required in the preheater decreases with 
increasing pipe internal diameter. This is not 
very intuitive to me…. Why ? 

The increase of the pipe inner diameter, keeping 
constant all the other parameters, means a 
lower speed of the liquid CO2, which in turns 
brings to a lower heat transfer coefficient, and, 
as a consequence, a higher wall temperature, as 
the bulk temperature and the heat provided are 
fixed. Since the wall temperature is higher, the 
wall superheating to trigger boiling is reached 
sooner (with a lower preheater power). 
We think that the explanation is not necessary 
on the discussion. 

 

  



Reviewer Yadira + 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 
6. Suggestion: avoid parentheses Worst offenders (long sentences rather than 

just explanations of acronyms, etc) removed 
8. Suggestion: avoid bullets, numbered lists We find they provide a clear message in a 

succinct way that would be lost in paragraph. 
The bullet check marks have been replaced by 
standard bullets. 

11. …since ATLAS is NOT using these preheaters 
for the tracker. How do you justify he difference in 
design between experiments? How do you justify 
the different approaches detectors are taking in 
the use of the pre-heaters within CMS tracker? 

Wording added to explain that the preheater 
solution is perceived to have the lower risk of 
unintended consequences compared to 
superheating in the capillaries, as well as a low 
power consumption compared to 
homogeneous volume boiling. 

13. The experiments run do not currently have 
significance to make the claims made. Need more 
than 3 data points ran multiple times to show the 
trend development as well as any hysteresis in the 
experimental data procedure or apparatus. 

The values shown in the experimental data 
plots are obtained from 1-3 experimental runs 
for each point. The graphs have been updated 
to include all of these data points. We agree 
though that more data is needed to validate 
the model, and this is recorded in the 
conclusions. 

16. …remove as much as possible should, could, 
potentially... 

There were many “coulds”! Most removed. 

2. Under abstract: Line 18 “With this model, a 
specific pipe made of given material and given 
manufacturing process can be completely 
characterized” this sentence make a very wide 
claim. What is being characterized? What 
manufacturing procedure, what tube size range? 
Otherwise you are claiming this is applicable to 
industrial refrigeration as well, is this true? 

Updated this line to refer to triggering of 
nucleate boiling and attempted to clear up the 
wording. We’re trying to say that we can 
characterise the performance of a tube and 
extend this to other tubes of the same material 
AND made in the same way (having the same 
surface finish – cavity size). 

9. Line 113: Use a literature source to back 
up this claim 
10. Line 116: Use a literature source to back 
up this claim 

The sources are in the preceding line: 
[11][12][13] 

26. Fig 8. You have “y” on the x-axis. Should this 
be r? 

There are both, “r” has been added. 

40. Fig. 14, and also Figs.15-18: Is there a 
reason that the uncertainties on the different 
measurements are so different? 

The inclusion of all the data points has 
addressed this partially. The uncertainties vary 
because in some cases the incremental step 
size of the preheater power was 0.5W, in some 
1W. It is not consistent across all readings due 
to the various tests these results are extracted 
from… 

3. Side notes and questions. The experiment 
verifies the idea of the preheater works to start 
the onset of boiling. How does the model account 

All interesting questions for a future 
test/model! 
 



for changes in surface roughness of a tube with 
time due to fluid effects? How would your model 
change if you had direct CMM data of surface 
roughness of the sample? How does your model 
change based on varying mass flux? Heat loads? 
Tube material roughness?  Different refrigerants? 
How does gravity affect your results? 
36. Line 349: How was your heat balance 
conducted? Why is your range between 90% to 
96% and what statistical tools were used to come 
to this conclusion? How does this heat balance 
affect the accuracy of the results and does this 
heat balance fall within uncertainties of the effect 
of roughness for the tube? 

The explanation and results have been 
updated to make this much clearer. 
 
The heat balance for the heaters (including the 
preheater) was conducted by measurement of 
the temperature increase of the liquid CO2, 
converted to power using the average specific 
heat capacity and mass flow rate, then divided 
by the electrical power recorded on the power 
supply to get, on average, 93% efficiency. The 
max and min efficiency recorded was 98% and 
88% which translates to the +/-5% uncertainty 
stated in the paper. 
 
We have not evaluated the uncertainties due 
to the effect of roughness of the tube. 

 


