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New measurements of the pressure history in 5,08 and 1.27 cm i.d. tubes during extremely 
rapid depressurization from BWR and PWR conditions are presented. The pressure to 
which the present system (as well as the systems of other investigators) returns, is suc­
cessfully correlated using a suggestion by Stuhmiller. New pressure undershoot data are 
given here, but they are rationalized elsewhere. The rate of opening, and the rarefaction 
wave speed, in the present system are also presented and correlated. The present study 
sujfgests that scaled replications of the early process of depressurization are reliable. 

Introduction 
The problem of insuring that the design of nuclear reactors is safe 

has led to the need for a variety of fundamental experiments. One such 
safety problem is that of knowing exactly what behavior would follow 
a guillotine break of a major BWR or PWR recirculation pipe, both 
from the standpoint of rate-of-loss of cooling water, and from the 
standpoint of the structural loads that it could impose. Data obtained 
in a fundamental experiment that reduces this kind of break to its 
most elementary form, namely the very sudden opening of a straight 
horizontal pipe containing hot water at BWR or PWR conditions, 
have helped us to understand how a system might react to such a 
break. 

Experimental results of this kind have been obtained by Edwards 
and O'Brien [1), Bogartz, et al. [2-4), Rassokhin, et al. [5), Gallagher 
[6), Brockett, et al. [7), Allemann, et al. [8), Sozzi and Fedrick [9), and 
Lienhard, et al. [10). The prediction of the behavior following such 
a break in a pipe is called the "Standard Problem 1." 

All prior testl!, except our own [10), used burst-diaphragm tech­
niques that yielded rates of depressurization equal to or less than 
about 0.75 Matm/s. Our experiments involved the very rapid 
depressurization of water from pressures as high as 153 atm (2250 
psia) and temperatures as high as 321 °C, in a 1.27 cm i.d. tube. With 
the aid of a recently-patented opening device [11)3 we achieved 
depressurization rates as high as 1.8 Matm/s with correspondingly 
higher ·pressure undershoots than previous investigators reached. 

Our objective in this paper is to present observations similar to 
those presented in [10), but to include data for a much larger tube than 
was used previously (5.08 cm i.d. or 16 times the cross-sectional area). 
With these data and those of previous investigators we shall: 

• Develop a correlation of pressure undershoot which represents 
all previous and present data (This is done elsewhere in this journal 
[12).), 

• Develop a general correlation of the quasi-static pressure to which 
the water first returns after pressure undershoot, 

• Arrive at some general conclusions about the role of geometric 
scale and water purity upon the performance of such experiments or 
prototype behavior. 

Experiment 
Figure 1 is a schematic diagram of the 5.08 cm i.d. tube. It consists 

of an 11 m long stainless steel (ASTM A213) pipe connected to a 0.2 
m stainless steel block, bored to match the pipe. The first 2.32 m of 
pipe behind the block is the heated test section; the rest of the pipe 
is simply present to delay the return of reflection of the rarefaction 

1 This work was done when the authors were with the Mechanical Engineering 
Department of the University of Kentucky, Lexington, KY. 

2 The present work was done under support of the Electric Power Research 
Institute (Contract No. RP-687-1) with B. Sehgal as Contract Manager. 

3 Called POP the QORC (Push Out the Plug in the Quick Opening Release 
Configuration)-the ultimate nuclear acronym. 
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wave to the test section for about 13 ms after the pipe is opened. 
The POP the QORC opening mechanism was incorporated into the 

front block as shown in Fig. 2. This is a fairly direct adaptation of the 
1.27 cm dia pipe opening mechanism described more fully in [10, 11, 
13, and 14). But the structural design in this case had to be based on 
forces 16 times larger than in the previous design. It was arranged as 
follows. 

The discharge end of the pipe was sealed with a disk-shaped plug 
and an O-ring. The plugs were made of mild steel or titanium. Silicon 
O-rings were used for temperatures up to 250°C. For higher temper­
ature Kalrez O-rings were employed. Two titanium arms (see Fig. 2) 
secured the plug over the open end of the tube. A pair of L-shaped 
brackets were fastened to the front end on each side of the block. A 
common hinge pin passed through these two brackets and the arm. 
Each arm could be swung in and out of position about its hinge. This 
arrangement largely eliminated thermal-expansion-related binding 
between the contact surface of the plug and the arms. A weighted main 
cam guided on two vertical shafts was dropped from a height of 3.65 
m, using a manual remote control. The falling main-cam engages a 
mating cam on each arm and drives them apart to release the edges 
of the plug. The plug is then forced out by the higher internal liquid 
pressure and depressurization ensues. 

The test section was heated with semi-cylindrical strip heaters 
fitted on the outside of the pipe. To offset large vertical temperature 
differences resulting from natural convection only the bottom-half 
of the test section was heated. At a given location the water temper­
atures at the top, bottom and side of the pipe could generally be 
maintained within 5°C of each other. 

Figure 3 shows the location of the pressure transducers (PT-) and 
the thermocouples (TC-) in the test section. In the present test, a 
Sundstrand 601Bl water-cooled quartz pressure transducer was 
mounted flush with the pipe i.d. at each of the locations PT-1 and 
PT-3. Transient pressure signals during depressurization, were 
transmitted to and stored on a pair of Tektronix 7613 storage oscil­
loscopes through a pair of dual mode charge amplifiers. The oscillo­
scopes were triggered by an external battery circuit about 3 to 5 ms 
prior to depressurization. A total of 11 grounded-junction sheathed 
chromel-alumel thermocouples were located at top, bottom, and sides 
of the pipe, and were connected to a common digital temperature 
readout device that could be read accurately within 0.6°C 

The test preparation proceeded as follows: the discharge end of the 
pipe was sealed using the plug and the arm, and the falling weight was 
positioned at its upper level. The pipe was evacuated to a pressure of 
about 0.05 atm using the vacuum pump. The pipe was then filled with 
double distilled water that had been degassed by boiling for about an 
hour. All the valves were closed and the system was cold-tested at high 
pressure for possible leaks. Next the test section heaters were switched 
on. While the water was being heated the system pressure, read from 
a standard Bourdon gage (accuracy ± 2 psi), was maintained 20 to 30 
atm above the saturation pressure at the current water temperature. 
For a typical hot water test the heating duration was about 3 to 5 hr. 
When the desired temperature and pressure were reached the heaters 
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heated section 

Fig. 1 Layout ol apparatus tor 5.08 cm i.d. pipe experiment 

were switched off and some time (usually 30 s) was allowed for reversal 
of heat flow direction. Finally, the falling weight was released by re­
mote control. The depressurization began as the plug was released 
and the transient pressure history at the PT locations was stored on 
the oscilloscope screen during the first 20 ms or so. These traces were 
subsequently photographed. 

The data reported in this paper also include some new results ob­
tained in the older 1.27 cm i.d. apparatus. Since these experiments 
and their accuracy are described in detail by Alamgir [14] and in 
references [10] and [13), we simply present the results here without 
further comment. 

Results and Discussion 
Results. The initiation of depressurization is accompanied with 

the generation of a rarefaction wave that propagates away from the 
pipe-break location into the high pressure liquid. At any axial location 
of the pipe, the pressure starts to change upon the arrival of this wave. 
Figure 4 is a representative selection of pressure-time histories in the 
5.08 cm i.d. pipe for the two transducer locations PT-1 and PT-3. 
Included alongside the traces are the pressure and temperature of the 
water just prior to decompression. The latter temperature was linearly 
interpolated between the adjacent thermocouples. 

The pressure transients show some characteristic features that have 
already been displayed in (10) and [13): As the retainers move across 
the plug faces the pressure drops a little and rather slowly. Once the 
plug edges are cleared the pressure falls with great rapidity, almost 
linearly with time, to well below the saturation pressure. This rapid 
depressurization rate, designated as 2: matm/s, is either totally halted 
or else greatly attenuated as a result of bubble nucleation. The drop 
of pressure below Psat, which we call the pressure undershoot, has 
been correlated [12] as a function of the initial water temperature and 
the depressurization rate in the superheated liquid, 2:'. 

Following the pressure undershoot, bubble growth causes the 
pressure to recover, in most cases nearly exponentially with time, to 
a quasi-static level pq, < Psat· This happens within a few milliseconds 
of the undershoot and the level persists for 20 ms or longer. In the 
present 5.08 cm i.d. pipe experiments with hot water, the pressure 

Fig. 2 Front block with plug release mechanism. Inset shows release con­
figuration in relation to entire apparatus. 
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Fig. 3 Locations ol thermocouples and pressure transducers in the heated 
section ot the pipe (All dimensions are in meters.) 

traces do not show any sign of the return of the reflected rarefaction 
wave since we used a long pipe. 

Table 1 lists the initial test conditions, the measured 2: and 2:', the 
measured nucleation or minimum pressure and the rarefaction speed 
for various runs.3 The measured values of 2: and 2:' were fairly close 
to one another in the 5.08 cm i.d. pipe tests. Table 2 gives new test 
data3 obtained in the 1.27 cm pipe. 

The Rate of Depressurization, 2:. The rate of depressurization 
is a representation of how fast a break area is created or how quickly 

3 Estimated accuracies for the original and reduced data are, for ~ and ~': 
±15 percent, all pressures: ±2 percent of p;, all temperatures: ±0.6°C. 

-----Nomenclaturei--------------------------------------
c = speed of sound in water 
cp1 = specific heat of water 
D = pipe or tube diameter 
htg = latent heat of vaporization of water 
Jaq, = a Jakob number defined in equation 

(5) 
m = mass of plug divided by cross-sectional 

area of pipe 
P, Pi, Pn, pq., Peat = pressure, initial system 

lJressure prior to depressurization, local 
minimum pressure reached by system im-

434 / VOL. 102, AUGUST 1980 

mediately following depressurization, 
quasi-static pressure to which system 
momentarily recovers following depres­
surization, saturation pressure at Ti. 

R = radius of a bubble 
T, Ti, Tq, = temperature, initial system 

temperature, temperature at Pq, 
t = time 
Veff = KCPi 

v = specific volume 

Vp = ICC(pi - p) 
o = effective thickness of cooled layer around 

a growing vapor bubble 
K = isothermal compressibility of water 
v = kinematic viscosity of water 
p, Pt, p8 = density, density ofliquid, density 

of vapor 
2:, l:' = the approximately constant rate of 

depressurization from Pi to Pn, l: evalu­
ated between Peat and Pn 

T = mKC 
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Fig. 4 Pressure-time histories at PT-1 {left trace) and PT-3 (right trace) locations In the 5.08 cm l.d. pipe 

Table 1 Experimental results for the 5.08 cm l.d. pipe 

Oepres,urization 
Interpolated Satur,tion Minimum or O..r1II Oep,euurization flam in S-me•ted Measured Plug Mus 
Temperatures Preuure Nucleation Preuure R1t2 Water Rarefaction Per Unit 

Pres,ure Ti Put Pn !: ~- Speed Area 
Run Pi PT-1 PT-3 PT-1 PT-3 PT-1 PT-3 PT-1 PT-3 PT-1 PT-3 C m Water 
No. (atml (OC) (OC) (atm) (atm) (atml (1tm) (M1tm/sec) (Matm/sec) (Matm/,ec) (Matm/sec) (m/secl (gm/an') Condition 

CW-01 17 21 21 0.024 0.024 2.38 0.017 0.02 1448 12.38 
Unboiled, 
distilled 

CW-02 34 21 21 0.024 0.024 5.1 0.061 0.065 1505 12.38 
Boiled, 

distilled 

CW-04 6.8 22 22 0.027 0.027 1.63 2.31 0.0014 1450 13.57 
Unboiled, 
d istilled 

HW-01 17 141 154 3.674 5.307 2.72 4.01 0.048 0.046 0.077 0.075 1500 12.38 
Boiled tap 
water 

HW-21 3.4 117.2 121.7 1.793 2.066 1.5 1.84 0.002 0.00028 0 .002 0.00028 13.43 
Boiled , 
distilled 

HW-26 7.15 135 140.6 3.089 3.623 2.25 3 0.0067 0.0056 0.0067 0.0056 1449 13.43 
HW-24 6.12 140.6 145.6 3.623 4 .164 2.96 3.47 0.005 0.0058 0.01 0.0037 1480 13.57 
HW-22 10.2 144.4 153.1 404 5.13 3.40 4.15 0.0136 0.0147 0023 0.0147 1463 13.43 
HW-23 10.9 148.6 157.8 4.55 5.76 3.54 4 .63 0.0194 0.0167 0.0234 0.D18 1429 13.43 
HW-13 58 167.2 169.4 7.35 7.69 4.63 4 .7 0.032 0 .033 0.032 0 .033 1430 13.57 
HW-15 68 201.7 2083 15.87 17 83 10.21 11.57 0.211 0.195 0.227 0.199 1327 13.57 

HW-10 68 215.6 216.7 21.03 21 .43 12.59 17.28 0.212 0.204 0.212 0.209 1256 12.38 
Unboiled, 
distilled 

HW-18 68 221.7 227 .8 23.54 26 .54 15.11 15.99 0.220 0.224 0.196 0.203 1255 13.43 
HW-16 68 226.7 2344 26 29.94 16.47 17.69 0.259 0.255 0 .259 0.255 1245 13.57 

HW-25 40.83 228.9 234.4 27.05 29.94 18.03 19.39 0.156 0.135 0.156 0.135 1188 13.43 
Boiled. 
distilled 

HW-17 40.83 230.6 237 .8 27.76 31.78 19.05 22 .11 0099 0.098 0.099 0.098 1245 13.43 
HW-20 61 .24 234.2 240.6 29.76 33.34 17.69 20 .41 0.170 0.176 0.170 0 .176 1217 13.43 
HW-27 68 236.1 247 .8 30.84 37 80 18.17 22.6 0 .189 0 .182 0 .189 0 .182 1189. 13.88 
HW-14 68 251.7 257.2 40.35 44 .23 27 .22 30.62 0186 0.18 0.199 0.193 1191 13.57 
HW-12 ·55 253.3 257 .2 41.51 44.23 31.30 0.133 0.133 12.38 
HW-19 102 239.4 3307 20.41 0.3 0 .314 13.43 
HW-07 57 .15 211.1 221.1 19.19 23.34 1225 15.31 0245 0.251 0 .245 0 .251 1311 7.03 
HW-30 6396 251.9 2589 41 .51 45.50 28.78 30.62 0 .136 0.143 0.136 0 .156 1159 13.57 

the high pressure liquid is allowed to expand. The magnitude of~ thus dp= _!!. (1) 
depends on the extent of inertia associated with the break that the dt T 
expanding liquid has to overcome. For our experiments, a dynamic 

where the velocity of the expanding liquid ( which also equals that of 
for ce balance between the moving plug and rarefied liquid behind it 

yielded4 (see (10]) the plug) is Up= Kc(p; - p) and T = mKc. A characteristic depressur-

ization rate, p;/mKc, and an effective liquid velocity, Veff = Kcp;, can 

then be identified as parameters that govern ~- In the preceding 

4 Certain undefined terms in this section are defined in the Nomenclature. 
one-dimensional considerations we have ignored the liquid viscosity 

In (10], equation (1) had an· area-ratio factor that would arise if the liquid jet 
and the size of the system. 

immediately expanded to the plug diameter. Recent photographic evidence When these systeui variables are used, we may write the functional 

suggests that this expansion does not occur. form for~ as 
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Table 2 New data for the 1.27 cm l.d. Pipe 

Minimum or Overall Dlpressurization 
Saturation Nudeation Depr-uriz■tion Rate in Superheated 

Ptessu,e Pressure Preuure Pr8SIUre R- w-
Run Transducer Pi Temperature Pia, 
No. Location Catml C°C) Catml 

AHW07 PT-1• 6.46 137.2 3.295 

!',HW06. 7.14 129.4 2.622 

AHWOS 49.3 223.9 24.65 

AHW05 65.3 264.4 49.77 

AHW04 PT-2 68 232.8 29.04 

AHW03 PT-2 68 260 46.33 

[ 
Pi 1 I:= fn --, Veff, ",D 

IDKC 
(2) 

where" is the kinematic viscosity of water and D, the pipe i.d., is used 
as the characteristic size of the system. Dimensional analysis results 
in two dimensionless groups consistent with the Pi-Theorem. 

~mKc = fn (v.ffD) 
Pi " 

(3) 

where the group Kcp;D/" may be called a depressurization "Reynolds 
number". The isothermal compressibility of water K = -(1/v)(c,v/c,p)r 
has been calculated5 from the equation of state for water given by the 
1967 E.R.A. Steam Tables [15] and is presented in Fig. 5. 

Figure 6 shows that the nondimensional depressurization rate, 
~mKc/p;, in all of our tests increases monotonically with VeffD/1'. The 
overall behavior of the data supports the validity of equation (3). The 
maximum value of the ordinate in the figure is given by equation (1) 
as unity. The ( +) symbols are for certain 1.27 cm i.d. pipe tests with 
a slit or orifice constriction in the pipe. For these data the Reynolds 
number was based on either the orifice diameter (0.52 cm) or 
square-root of the slit area (0.45 cm). Ninety percent of all data lie 
within ±30 percent of the faired curve. 

Speed of the Rarefaction Wave. In pipe decompression exper­
iments the rarefaction speed can exceed the speed of sound in the 
liquid as the result of bonding between the liquid and the steel pipe 
wall. Evidence of this fact was provided by the measured rarefaction 
speed in our 1.27 cm i.d. pipe tests [10]. 5.08 cm pipe rarefaction speed 
data, shown in Fig. 7, also indicate a similar trend, but the speed 
augmentation is less because the ratio of the theoretical mean sound 
speeds for the two pipes (see equation (5) of [10]) is 'Es.os/c1.27 = 
0.975. 

Quasi-Static Pressure Recovery Following the Pressure 
Undershoot. We have noted that the system pressure recovers to 
a quasi-static level, a few milliseconds after the plug is released. This 
pressure is less than Psat at the initial water temperature. The time 
dependence of this recovery process appears to be related to bubble 
growth rate in the associated variable pressure field and to the gross 
liquid motion around the location of interest. However, for the pur­
pose of predicting the recovery pressure level, Pqs, we use the following 
idealized model, developed by modifying a similar analysis by Stuh­
miller [16]. 

Stuhmiller considered a growing vapor bubble of radius R with the 
vapor saturated at the current liquid pressure. The thermal energy 
required to grow this bubble is provided by cooling of a thin liquid 
layer around the interface. Instead of accepting Stuhmiller's sug­
gestion that a lump-cooling of this layer takes place, we consider the 
existence of a time-dependent temperature profile in this developing 
thermal layer. We define Tqs = T 88t(pq,) and observe that the tem­
perature increases asymptotically from this value to T; with x, the 
radial distance from the bubble interface. Thus 

5 We are grateful to Amir Karimi for this calculation. 
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Pn ~ 2:· w. .. , 
Catml CMatm/NC) (Matm/-1 Condition 

2.729 0.0075 0.0079 
distilled and 
boiled 

2.177 0.0067 0.007 

11.57 0.331 0.348 

23.14 0.492 0.517 

17.69 0.258 0.272 
distilled but 
unboiled 

29.26 0.363 0.375 
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4.5 ~-~--~--~--~------~ 20 
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Fig. 5 The Isothermal compresslblllty of subcooled and moderately super­
heated water 
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Fig. 7 Deviation of measured rarefaction speed from the calculated sound 
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1 
t 

~R3pghfg = 4rR2pfCpf r ~ (Ti - T)dx 
3 Jo (4) 

where Pt, p8 , cp1 and h18 are the saturated liquid and vapor densities, 
the liquid specific heat, and the latent heat of vaporization, all eval­
uated at Ti. Drawing an analogy with the displacement thickness in 
a hydrodynamic boundary layer, we introduce an energy thickness, 
o, defined as 

o(Ti - Tq,) = J:~ (T; - T)dx 

Combining equation (5) with equation (4), we get 

4 
- 1rR 3p8h11 = 4rR2p,cp1o(T; - Tq.) 
3 

(5) 

(6) 

Equation (6) can be rewritten to give a volumetric Jakob number 

Jag.= PfCPf(Ti - T9.) 1 R (7) 
p1ht8 3 o 

The temperature Tq• can be calculated from equation (7) ifwe know 
the ratio of the bubble radius R to the equivalent thickness, o, at 
Pq•• 

The liquid around the growing bubble interface is not stationary, 
but agitated, as a result of instabilities that arise when a less dense 
vapor is accelerated into a dense liquid. Stuhmiller invoked a turbu­
lent diffusivity argument and obtained o/R ~ 0.265. If we accept this 
value we get a constant value of Jag, from equation (7) 

Pfc (T· -T ) 
Jag, = Pf • q• "" 1.26 (8) 

p,hta 

This result is based on several assumptions and should really only be 
viewed as a correlation in which 1.26 might be replaced with an ad­
justable constant. That this constant subsequently turns out to be 
exactly 1.26, is no doubt fortuitous. 

Equation (8) immediately allows us to evaluate the recovery pres­
sure level,pq,, asp88tat Tq,, once the initial water temperature T; is 
known. Figure 8 shows the variation of the predicted pq, with Ti for 
water as the solid curve, with Pf, cp1, p1 and ht, being evaluated as 
saturation properties at T;. The saturation pressure, Psat (Ti), is 
shown as the dashed curve. Figure 8 verifies an important claim, made 
previously by Brown [17], that Pq, ~ f n (:2;', Pn, or otheropening-rate 
parameters.) 

The difference, Psat(T;) - pq., is a monotonically increasing func­
tion of the initial temperature T; that dwindles to a negligible value 
only at very low temperatures. Experimental data for pq, from the 
many available sources have been plotted on the same graph and they 
show very good agreement with the predicted curve. They match the 
prediction with an rms deviation of 4.27 percent and maximum de­
viation of 14 percent. 

A point may be made about the data of Sozzi and Fedrick (9], shown 
by plus symbols. Their depressurization apparatus used a short pipe 
(3.25 m or 0.56 m) connected to a very large reservoir. In their ex­
periments the pressure first recovered to a plateau below the satu­
ration pressure and then was kicked up above the saturation pressure. 
We suspect the latter behavior to be the combined result of the 
presence of the reservoir and the reflected rarefaction wave interacting 
with the recovering pressure. When these effects are absent, the first 
pressure plateau, which we have chosen to plot, would represent the 
true recovery pressure. 

Correction of previously Reported 1.27 cm Pipe PT-1 Tem­
peratures. The high temperature blowdown tests with the half-inch 
pipe were carried out with a water cooled front section of the pipe [10]. 
This was necessary to avoid the thermal expansion binding between 
the plug and the retainers. The temperatures at the first transducer 
(PT-1) location were obtained by extrapolating the thermocouple 
readings without realizing how abruptly the water-cooling caused the 
temperature to change, near it. It now appears that the reported PT-1 
temperatures were high. 

The true local temperature, T;, for these runs, can be estimated 
using the measured value of the quasi-static pressure Pqs (and hence 

Journal of Heat Transfer 

130 

120 

110 

100 

90 

80 

70 
E 
0 
~ 60 
:::, 
1/) 
1/) ., 
ii 50 

40 

30 

20 

10 

I 
I 
I 

Pqa data / 

symbol conlipatian ref / 
ll. 127cm!Dpipe [ia,(13) / 
0 5.08 " " r;j'' data 

o{B: ~.·J 111 / 20.3 • 2,3,4 / 

~&: : Ii} I V 
◊ 
+ 
8 

5.08 cmp1pe to30cm ID vessel (9] / 
17.3 cm ID pipe [8] / 
=~.?1mm I 

e I0.32cm!D [7] I 
pipe and 30!18 / 
cm dia vessel / 

saturation,,_~/ 

/ 

I 
/ 

/ 

I 

I 
I 

I 
I 

I 
I 

I 
I 

175 200 225 250 275 300 325 

initial water temperature, T; •c 
Fig. 8 Comparison ol predicted quasi-static recovery pressure with ex­
perimental data 

Tq• = T sat<Pq•)) in•equation (8). Table 3 shows the correct tempera­
tures for the eleven tests in question and the magnitude of the errors 
in the originally measured temperature range from 8.3°C to 17 .3°C. 
These data, of course do not appear in Fig. 8. 

The Problem of Dimensional Scale and Water Purity in Re­
actor Slowdown Experiments. We present correlations of four 
different dependent variables here and in [12]. These are: (1) pressure 
undershoot, (2) quasistatic pressure recovery, (3) rarefaction wave 
speed, and (4) opening rate. 

The first two parameters are the most important for the nuclear 
engineer who is interested in predicting the early blowdown behavior. 
Data for these parameters, measured over a 256-fold variation of pipe 
area, have been correlated without showing any apparent influence 
of pipe size. 

The rarefaction speed can be increased by a few percent of the speed 
of sound by pipe size, only if the pipe is quite small and thick-walled. 
The opening rate is a dependent variable in our scheme of experi­
mentation, and dimensional scale must be included in its correlation. 
However, in most nuclear safety analyses it must be specified as an 
independent variable. 

Thus, the present results suggest that reduced-scale modeling is 
entirely reliable, at least for specifying the primary features of the 
initial response of hot water to sudden depressurization. 

Furthermore, the present experiments include 10 cases in which 
the water was either undistilled, or unboiled prior to pressurization, 
or both. These data correlate perfectly well with the other data, some 
of which reflect different preparation schemes from that which we 
normally used. Probably, the act of bringing water to BWR and PWR 
conditions constitutes a more significant preparation (in terms of, say, 
degassing) than anything that can be done at atmospheric pressure. 
Of course these remarks do not apply if a system is exposed6 to large 
amounts of soluble noncondensible gases at p;. 
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Table 3 Correction of 11 values of T, at PT -1 previously reported In [ 10) 

Moaurod Rate of 
Temperature at PT-1 Location Minimum or 0...■11 Depre11Uriution 

Initial Ti Nucleation R■ .. of in Superhuted 
Preuure Previously Corrected Using Pr .. u,e l>epre11Uriution -Run Pi Reponod in (10) Equation (6} 

No. (atml (OC) (°CI 

51 102 268 256.6 

45 102 271 262.9 

42 144.3 290.6 282.2 

30 153.1 293.3 278.1 

50 153.1 293.3 281.1 

44 153.1 293.3 282.8 

64 153.1 296 287.2 

4-HV 68 231.1 215 

2-H 102 262.8 246.1 

5-HV 102 263.3 246.1 

3-H 129.3 302.2 287 

Conclusions and Summary 
1 New data that bring the element of dimensional scale into the 

present experimental program are presented. They show the initial 
response of a pressurized hot ;_,ater pipe to sudden depressuriza­
tion. 

2 These data include new pressure undershoot data that are 
correlated in a companion paper (12). 

3 The data show that after pressure undershoot, the system 
pressure recovers to within about 4.2 percent of a sub-saturated value 
which corresponds to Tq, as correlated by equation (8). 

4 The most important aspects of system response following 
sudden depressurization appear not to be influenced by dimensional 
scale, even when the pipe is as small as 1.27 cm i.d. 

5 No perceptible influence of water preparation upon system 
response has been revealed by these tests. 

6 The rarefaction wave speed is very slightly increased by the pipe 
walls. This increase is consistent with our discussion of such behavior 
in (10). 

7 The opening rate in experiments such as these can be predicted 
within ±30 percent by the correlation in Fig. 6. 
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